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1. INTRODUCTION

1.1. Importance of research topic and objectives

Sustainable development is essential to managing the built environment and
current architectural practice. The new perspective that buildings are complex
systems with a significant impact on the environment in all phases of their life cycle,
assuming the hegemony of high energy consumers worldwide, has led to the
acceleration of research on renewable energy systems, and some construction
practices ensure increased energy efficiency.

The complexity of the issues raised requires coordinated interdisciplinary
efforts and initiatives to change how professional education, specialized research,
and building design are carried out.

The chosen theme is not only current, being in tune with European concerns
and national in the field of energy efficiency of buildings, but it is also a fertile
ground for innovation, as will be seen during its elaboration. Therefore, it must be
said that it constituted a real challenge, arousing the desire not only to identify the
real issues that are circumscribed to him but especially that of responding with
solutions concrete for solving these problems in line with people's needs.

I chose this topic firstly, because of the initially favourable context regarding
subsidies granted by the government and local authorities for thermal wraps and
interior installation upgrades, other programs and possibilities for funding, and the
existing massive market for interventions like those addressed in the paper. The
built-up fund to which I refer assumes the existence of tens of thousands of such
blocks in Romania, not to mention the total of blocks built in Europe from the East,
which is the order of hundreds of thousands.

Secondly, the idea and approach to this topic came from the fact that I
participated in the RETROFIX Project as a member of team upTIM within the
Politehnica University of Timisoara for two years, competing in the International
Student Competition "Solar Decathlon Europe" Paris, 2014.

Block rehabilitation can be considered a national priority for Romania,
considering its impact on the population and the commitments signed by the state
regarding European energy policies.

In the opinion of the residents, the quality of life in these homes is inferior
to today's demands, requiring substantial improvements. However, due to the high
rate of owners (over 95% of the residents are also owners), any intervention at the
building level requires a consensus from the neighbours, which is usually
challenging to obtain.

The current thesis aims to define a strategy for rehabilitating blocks
(housing made of large prefabricated panels) from a holistic perspective, starting
from the quality-of-life parameters, placing the resident as the primary beneficiary
and main focus.

The applied part was supported by a grant of the Romanian Ministry of
Research and Innovation, CCCDI - UEFISCDI, project humber PN-III-P1-1.2-PCCDI-
2017-0391 / CIA_CLIM - Smart buildings adaptable to the climate change effects,
within PNCDI III.
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14 Introduction

1.2. Thesis structure

Chapter 1: Introduction

The present work begins with Chapter 1, within which the objectives of the
thesis, the context in which the research was carried out, as well as the chapter
organization of the thesis are specified.

Chapter 2: Energy efficiency of the built environment. Context. Policies.
Laws

The second chapter addresses developments towards energy efficiency of
the built environment. It details factors and decisions towards achieving this goal:
life cycle assessment (LCA), urban planning, district-scale nearly zero energy
buildings (NZEBs), smart grid scenarios, IEQ and TC, assessment of retrofitting
actions, generative building design methods, thermal storage with phase change
materials (PCMs), HVAC fluids (strategies and control), the importance of improving
the use of renewables, the importance of end-users’ behaviours and the need to use
dynamic approaches.

Chapter 3: The existing collective housing stock in Romania. Then and now.

This chapter deals with the collective housing and the urbanization process
in Romania after 1960, as this is the moment when, after almost 200 years from the
industrial revolution, the context of the emergence of high-density collective
housing is met. Developed under the influence of the USSR, collective housing was
built according to standard projects, materializations of ambitious modernist visions,
which had already shown their shortcomings since then. It is certain that the
promising projects of neighbourhoods equipped with public facilities, intended to
compensate for the shortcomings at the level of apartments, were in few cases
completely built.

The result can be seen today: monofunctional neighbourhoods of blocks
from standard projects, spread throughout the country, technically outdated and as
living conditions offered, desperate to be rehabilitated. The study of the most
widespread type 770 project built in Romania reveals fascinating details regarding
the effectiveness of the constructive system, but also its limitations, from the
perspective of national and European statistics that describe the quality of life, as
well as of its inhabitants, interviewed within a broad sociological investigation.
Instead of interventions that bring direct benefits to the inhabitants, they resort to
their own interventions, most of the time at the limit of legality or, as one can say
“unconsciousness”.

Also, in this chapter an example of “good practice” is being analysed, with
the author being a design team member.

Chapter 4: Test model and applied results

This chapter presents designing, building and monitoring a testing module,
“Experimentarium” as part of the research project "CIA_CLIM -Smart buildings
adaptable to the climate change effects”. The project aims to address alternative
building envelope systems that can adapt to different climate change effects, in the
context of new or retrofitting existing buildings. The design and construction of the
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module was carried out over the span of two years, from 2018 till 2020 with
monitoring and collecting data still ongoing.

Chapter 5: Extensive retrofitting of collective housing made of large
prefabricated panels

In this chapter current options for thermal rehabilitation of collective
housing in Romania are covered and the advantages and issues that these bring. It
addresses the issue of the deep rehabilitation of these blocks, which are not even
half of the life span for which they were designed, so as to obtain a substantial
improvement in the quality of life, in all its aspects. Then, the concept of integrated
rehabilitation is described, based on multidisciplinary and interdependent measures
that focus on the resident. A set of common measures, intended for the whole
community. Based on the result of the previous chapter the thermal balance and
energy efficiency of different building envelopes are simulated using the 770 block
as base model.

Chapter 6: Conclusions. Further study directions. Published results.

The final chapter concludes the thesis by listing conclusions, future
directions of study, as well as the author's own contributions and the ways of
disseminating the research results.

Annexes

At the end of the thesis, they provide additional information regarding the
type 770 project, thermal and energy analyses carried out on the test module
presented in Chapter 4 and the building envelope options from Chapter 5.
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2. ENERGY EFFICIENCY OF THE BUILD
ENVIRONMENT. CONTEXT. POLICIES. LAWS

2.1. Current advances in the energy and environmental
performance of buildings towards a more sustainable built
environment

The building environment has been the focus of energy and environmental
debates and policies, and the need to reduce greenhouse gas emissions to meet
targets by 2050 [1] and improve energy security has motivated a large body of
studies on energy efficiency and environmental impacts associated with buildings.
Improvement in energy and environmental performance requires innovative
research, new policies and standard regulation, new materials and technologies, the
integration of renewable energy sources, of increased awareness and outreach and
people awareness (designers, practitioners, and end users). The operation of
buildings has often been focused on the literature in conventional buildings, and this
stage dominates energy demand and environmental impacts. Buildings have a long
service life, during which end-user expectations should be met, including
requirements for thermal comfort (TC) and indoor environmental quality (IEQ). As
research and polices succeed in reducing the impacts of building’s operation, the
relative contribution of other life-cycle stages has increased, and integrated and
holistic approaches are needed to avoid problem-shifting. Reducing the energy and
environmental impacts associated with the built environment is a challenging task,
which requires a comprehensive understanding of the dynamics and main drivers of
energy demand and environmental impacts. In addition, ten topical questions are
addressed for improving building energy performance: life cycle assessment (LCA),
urban planning, district-scale nearly zero energy buildings (NZEBs), smart grid
scenarios, IEQ and TC, assessment of retrofitting actions, generative building design
methods, thermal storage with phase change materials (PCMs), HVAC fluids
(strategies and control), the importance of improving the use of renewables, the
importance of end-users’ behaviours and the need to use dynamic approaches [2].
These follow two paths:

e The use of integrated and holistic approaches to assess and improve the
energy and environmental performance of buildings, and

e the development of new solutions, technologies, materials, and dynamic
methodologies.

2.1.1 LCA towards an improved environmental performance of
buildings

Numerous studies focus on reducing overall operational energy demand and
designing new low-energy buildings. However, if the operational energy is
decreased, the embodied requirements are increased. The LCA methodology
calculates potential environmental impacts that and associated with a material and
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its energy flows, through sequential life-cycle phases of a process (or product) from
‘cradle to gate’ or “cradle to grave”. It is usually used in an industrial context and
aims to improve the environmental performance of products. The LCA framework is
defined by 1S014040 series [3] [4] and includes four iterative steps: definition of
the goal and scope, inventory of the license cycle, of the life cycle, of the impact
assessment and interpretation of results. Over the last 15 years, LCA has been used
in the construction and building context to address trade-offs between different
building life cycle and building components and to help identify the most effective
opportunities to reduce impacts.

LCA studies in the building environment have increased rapidly in number,
covering different scale, from assessment or comparisons of alternative construction
materials (concrete, wood, brick, insulation materials) and building components
[5][6]( exterior walls, roofs, structures) to buildings as a whole (offices, schools,
residential buildings: either conventional or low energy and refurbishments) Life-
cycle impact assessment categories selected vary between studies: some cover only
primary energy and greenhouse gas (GHG) emissions, whereas others include a
wider range of environmental categories (abiotic depletion, acidification,
eutrophication, land wuse change f.e) [2] presenting more comprehensive
assessments. Review studies on the topic concluded that LCA can provide valuable
information for selecting improved construction options and heating systems. Most
research articles present specific case studies, with life-cycle modelling scenarios
generally varying them (building type and shape; construction and climate; comfort
levels and boundary conditions); thus, comparing different available studies is not
easy. Many studies [7] [8] [9]conclude that the use phase is the main factor of the
life-cycle loads of conventional buildings (representing between 60-90% of overall
life-cycle in residential sector). Other point out that for low-energy buildings the
construction phase, (including the embodied impacts) can sum up to half of the
overall life-cycle impacts[10] [11]. Neglecting the need for a life-cycle approach
when implementing and/or assessing the impact of new buildings could lead to
problem-shifting; spending more energy upfront, in the beginning, than saving
using energy efficiency measures; problem shifting is mostly to come by in new
buildings that focus primarily on optimizing operational energy and costs[9], but
also in places with lower operational scenarios. This is likely due to the prebound’
effect of a users behaviour , and also mild climate conditions [12].

Life cycle assessment can, with great effect, support decision-making on
selecting improved building options. The CEN TC 350 [13] group has been defining
new standards for common rules towards environmental assessment of buildings
[14]. In addition, the use of LCA as a support for building development is a recent
topic, and several challenges were identified for future work.

Different LCI (life-cycle inventory) approaches were tested (process based;
input-output; and hybrid)[15]. At a building level, the bottom-up method is the
most used, because it relies on data at product level allowing the comparison
between building options. This method however suffers from a truncation error. It
underestimates indirect impacts or excludes steps along the process due to system
boundary needs. The top-down / input-output approach is based on different activity
sectors, energy intensity, and economic data. This method does not allow however
easy disaggregation of impacts from products within the same sector. To overcome
such limitations, hybrid approaches have been addressed [15]. Choosing the most
adequate LCI approach should be ideally based on the scope and goal of the LCA
study.

BUPT



18 Energy efficiency of the build environment. Context. Policies. Laws

Buildings are complex systems. They incorporate multiple construction
materials, processes, that come from different industries and producers. Although
extensive international inventory data are available for energy production systems
and construction materials (e.g., Ecoinvent database [2] [16] [17]), materials
coming from local construction have a significant role in buildings, and the
implementation of more accurate assessments could benefit from national
databases, with data from local producer[2]. Natural materials (f.e wood) have a
lower impact than others (e.g. concrete or brick) however their embodied impact
depends on the entire production chain which includes wood growth, wood
harvesting, and forest regeneration. These vary from place to place and go beyond
the building scale. In contrasts to standardized products, a building is usually one-
of-a-kind product. Therefore, it is not simple to draw general conclusions: a building
has unique location (it is exposed to specific local features and climatic conditions)
and is occupied by different users (different occupation and operational patterns)
that significantly influence operational energy use. To compare the lifecycle
performance of different buildings, ranges of similar assumptions can be used to
draw conclusions. For example, to compare buildings under similar weather
conditions (for a climatic region), with alternative occupational/operational patterns
framing possible/typical user variation through scenarios and using local energy
mixes. Thus, life-cycle studies of buildings should also refer to local contexts instead
of making broad general assumptions, because the specifics of regional aspects can
shift the conclusions of a study.[18]

LCA studies mostly use a static approach (they assume the same conditions
over the entire life span). But, as long-lasting products, such an assumption may
incorporate high uncertainty over time. Predicting and modelling future changes is
challenging and requires further research efforts, namely for the following reasons:

e the total building service life is uncertain (usually between 50-100 years)
and the schedule/ nature of maintenance activities can highly impact the life
span;

e The service life of active systems is shorter than that of most building
components. They will likely be replaced by more efficient systems as time
goes on, which is hardly predictable;

e the electricity production mix changes over time, affecting operational phase
impacts;

e Buildings will eventually be demolished or dismantled. However their EOL (
end-of-life) and future construction waste treatment scenarios are
uncertain.

2.1.2 Addressing the urban scale in the environmental assessment
of buildings.

Although the environmental assessment of buildings significantly developed
over last decades, the integration of urban scale in environmental research and
policies is an important opportunity. Urban design is directly linked to the
environmental performance of a building, as it is often related to typology and
orientation [19]. However, less straightforward links play an important role and
research is required for a better understanding and exploration of specific influences
of urban form on energy, environmental requirements and emissions[2] [20]. Here,
the connections between urban form and environmental impacts are addressed,
associated with buildings by focusing on the following issues:

e accounting for urban microclimate effects;
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e understanding how land use planning variables affect environmental
performance of urban areas;
e how they affect travel demand.

T the need to integrate the urban scale in environmental assessment and
policies and the potential of urban design is discussed and planning to contribute to
a more sustainable development.

Previous research has addressed the connection between building
environmental performance and the urban scale. A comprehensive review on the
link between urban structure, energy demand, and GHG is provided. It covers how
urban design, performance of buildings, and travel demand are connected [19]. It is
concluded that two directions/ connections should be further tested, in order to
understand and use the potential of urban planning in reducing energy demand:
connection between the type of dwelling together with in-dwelling energy use, and
the use of energy in dwellings and the link between urban structure and
transportation-related energy use. Energy consumption requirements of urban and
rural households has been compared in further researches, in Finland, for
apartment blocks, row / terrace houses and detached houses [21]. The differences
between urban and rural living have been explored, and between different types of
housing. It was found that behavioural differences were significant between different
housing typologies and that across all types of rural households had lower energy
requirements [21].

Most debates on how urban form influences the environmental performance
of urban areas have been focused on density, particular dwelling or resident
population densities, and its influence on the performance of residential buildings or
passenger transportation, separately[2]. Generally low density in urban zones has
been associated with increased energy requirements and environmental impacts,
while high-density living (apartment buildings) has often been considered to be a
more sustainable living model [19]. For buildings, however, occupancy issues are
likely to explain a large share of this evidence, in particular the current rapid
increase in living space per person. Furthermore, although collective housing blocks
may seem to have a better environmental performance (because they have a lower
external envelope per square meter of living area), different operating requirements
associated with common spaces and infrastructure, such as elevators, might narrow
the difference between these and lower density housing typologies [22]. In regard
to transport demand, lower energy requirements and environmental impacts
associated with dense urban zones have been mostly related to better accessibility,
shorter trips, and higher transit efficiency. However, density might increase
congestion problems and commute time, particularly because of job centralization.
Therefore, smart growth strategies have generally supported the development of
higher density clusters linked by public transport networks. Other variables that
characterize urban form have been addressed, although less explored, such as
accessibility and land use mix [19] [23].

Urban context needs to be considered in the design stage is crucial to
address urban microclimate effects, as well as public, street space, and accessibility,
such as day lighting width and building height ratios, which strongly influence the
environmental performance of buildings. For example, daylight and shading of
buildings and public space have been explored [24]. It shows that oversized
buildings offset does not necessarily mean significant decrease of energy use in
dwellings, but they are likely to compromise walkability thus leading to higher
transportation requirements. For the environmental assessment of new and existing
buildings, addressing the urban scale is crucial to account for urban microclimate
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effects, such as considering urban form variables (building types and vegetation) to
consider urban heat island effects [24] [25].

Generally, research has focused either on transport or in-dwelling energy
and environmental impacts, but not both. However, the location of a building
determines the transportation demand of its inhabitants, and, in order to support
decision-making at the urban scale and avoid trade-offs, it is important that the two
are also addressed together in integrated approaches. Few assessments have
addressed both transport and building energy and environmental performance
despite the fact that they are both strongly affected by urban design and planning
policies. Bastos et al., which comprised a comparative life-cycle study for dwellings
considering building construction, building use, and user transportation, included a
brief review on nine previous life-cycle studies that integrated transportation and
buildings.

Two issues that strongly affect research and comparative environmental
assessments of buildings and urban areas should be highlighted: self-selection
biases and functional units. Although a large body of research has shown strong
correlation linkages between urban form and energy use or environmental
performance (especially focusing on density), it is important to stress that it does
not establish a causal link. The links between buildings and transportation
environmental performance of transportation and urban form are complex and
selection bias can hardly be controlled for. As an example, it is difficult to distinguish
the demographic effects of the urban form on buildings’ energy use and
environmental performance of buildings (for example, denser areas in many cities
are likely to have lower income residents). In addition, the results depend on the
unit of analysis, most often being per floor area (square meter) or per capita.

In the last decades, significant progress has been made in monitoring,
assessing and managing energy requirements and environmental performance of
buildings; however, research has focused on isolated buildings and aspects, such as
operational energy use, and there is an opportunity to expand to the urban scale, to
support decision-making and guidelines for regional planning, urban and
architectural design, which has great potential to achieve more sustainable growth
and development. The design, location and local urban characteristics affect the
environmental performance of a building, and focusing on the individual building,
neglecting potential interactions with the urban scale, might shift impacts, have
counterintuitive results, and overlook improvement opportunities for a more
sustainable urban development. Future research should thus address the linkages of
urban form, buildings, and transportation environmental performance with
integrated and holistic approaches, to support design and decision-making and
managing the building stock.

2.1.3 NZEB and urban context toward energy performance
assessment

The European growth strategy for the present decade, known as Europe
2020, led to the Recast of the EPBD (Energy Performance of Buildings Directive) in
2010 [26], which brought the concept of NZEB to the forefront. This has been seen
as a promising approach to minimize energy consumption and CO2 emissions in the
building sector and, at the same time, to increase the penetration of renewable
sources in energy production. However, and although relevant work can be found in
the literature on the proposal of definitions and requirements[27], there is still
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missing a comprehensive framework to characterize NZEB, namely in the urban
context. Knowing that the building sector accounts for the largest energy
consumption and that the world’s population tends to concentrate in cities, it can be
assumed that energy consumption is high.

Intensity in urban buildings will continue to increase, and more efforts are needed to
counteract such a trend.

The recent interest on the district as an intermediate scale has brought a new
emphasis to the study of both buildings and cities, whose energy efficiency has been
studied distinctly, based on the= premise that buildings behave as isolated units
that encapsulate all the requirements, neglecting the need to have shared resources
and, particularly, the influence of urban scale phenomena. On the other hand, urban
forms have been studied, for instance, on the design of a city as a whole, and a
great deal of attention has been given to the sustainability in urban development,
with the emergence of several assessment methodologies[28]. As a recent approach
in the literature, the boundaries of this intermediate scale are not yet well defined;
block, district, neighbourhood, or community are terms that reveal an attempt of
understanding how buildings interact with near surroundings and how these affect
their energy performance. The challenging mission of the NZEB concept lies in the
goal of reaching a clear balance between energy consumption and production. For
that, the elements that feature the design of these buildings are[2]:

e from the demand side - efficient opaque envelopes and glazing areas,
efficient heating and cooling systems, good ventilation methodologies,
efficient water heating systems, efficient lighting systems and appliances,
etc.;

e From the supply side, technologies based on renewable energy sources and
efficient building energy management systems.

These are very important and unquestionable factors; however, in an urban
context, buildings' performance of buildings cannot be assessed individually. There
are factors intrinsic to neighbourhood patterns that can play an important role in
building performance, such as airflows and heat island effect generated by urban
environment, buildings' shape, or even behaviour of the residents.

Among these factors, the urban morphology, namely through geometry,
should also be considered in the energy performance assessment, and, in this topic,
urban form and density assume an essential role, mainly due to the shading effect
that buildings produce on each other, which can make some design strategies
related to solar availability unfeasible. In the literature, the key solution for the
energy efficiency of urban buildings and for achieving an NZEB on a district scale is
related to the solar potential of urban areas, and how the shape can affect solar
availability, energy demand, and energy supply[29].

The main advantage of studying the behaviour of buildings as a part of a
quarter or a district is the possibility of sharing resources and systems, in order to
optimize efficiency and cost investments, and this brings a special attention to the
heating and cooling systems, as well as the energy production at a district scale.
Some studies have shown that district heating and cooling systems are
advantageous when compared to individual ones, in terms of environmental impact,
investment costs, and services demand, depending on the urban density.

Moreover, they are referred as helping NZEB to have an important role in
the construction of smart cities. Therefore, density can help delimitate this boundary
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of efficiency, and although several studies recognize this importance, a broad and
consensus definition is still missing[2].

In this sense, it can be concluded that few studies have focused on an
approach to the study of NZEB at a neighbourhood scale, and have concentrated in
specific objectives. Taking into account that, for all European Member States, new
private buildings must meet NZEB goals from 2020, it becomes increasingly
important to enrich this field of studies, contributing to a consensus definition and
congregation of all the influencing requirements in NZEB at the district scale, as well
as several ways and methodologies to put them into practice. In this way, it will be
possible to rule out effective urban policies guided by environmental and energy
concerns, reflecting the goals of Europe 2050[2].

2.1.3.1 NZEB Requirements for existing buildings. Policies and laws

In Commission Recommendation (EU) 2016/1318 of 29 July 2016[30] on
guidelines for the promotion of nearly zero-energy buildings and best practices to
ensure that by 2020 all new buildings will be buildings whose energy consumption is
close to zero, for the renovation of the building stock, EU Member States are
recommended to strengthen and further evaluate their adopted measures to
stimulate in-depth and cost-effective renovations toward NZEB.

Law no. 372/2005 [31]on the energy performance of buildings, republished,
defines a building whose energy consumption is almost equal to zero as a building
with a very high energy performance, where the energy required to ensure the
energy performance is almost equal to zero or is very low and is covered as follows:

e in proportion to a minimum of 30% with energy from renewable sources,
including energy from renewable sources produced on-site or nearby, within
a radius of 30 km from the GPS coordinates of the building, starting from
2021;

e Minimum proportions of energy from renewable sources, including
renewable energy produced on-site or nearby, within a radius of 30 km from
the GPS coordinates of the building, for the periods 2031-2040, 2041-2050,
and after 2051, are established by government decision.

The conception, design, execution, and use of an NZEB building must be based
on the conditions and performance indicators aimed at being achieved, as defined
by the national legislation in force. Therefore, first of all, the thermal envelope of
the building and all the installations must be correctly sized to fit the primary energy
requirement, expressed in kWh/m2-year, within the maximum limits imposed
according to the climate zone, the type of building, and its destination. Another
condition that must be respected refers to reaching the minimum threshold of
energy from renewable sources obtained on site or near (according to the rules in
force), expressed in %. On the other hand, the lower the energy requirement, the
easier it will be to achieve this percentage required to be made from renewable
sources. Last but not least, the maximum accepted values for equivalent carbon
dioxide emissions, expressed in kg/m2-year, must also be taken into account.

Therefore, the renovation of existing buildings at the NZEB level must comply
with the limit values imposed by the legislation and norms in force at the design
date, depending on the type of building and the climate zone, regarding the
following performance indicators.
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e The primary energy requirement (with values below the maximum imposed
value);

e equivalent emissions of carbon dioxide (with values below the maximum
imposed values); the energy requirement from renewable sources (with
values above the legal minimum).

According to Law No. 372/2005 [31], republished, the minimum energy
performance requirements of both new and existing buildings or building units,
hereinafter referred to as requirements, apply differentiated by function types, as
follows:

residential - collective or individual;
offices;

education;

health;

hotels and restaurants;

sports activities; trade;

other functions.

Energy performance requirements do not apply to the following categories of
buildings:

e Historical monument buildings and buildings that are either part of protected
built areas or protection zones of historical monuments, according to the
law, or have special architectural or historical value, which, if the
requirements were applied, would be modified unacceptable character or
external appearance;
buildings used as places of worship or for other religious activities;
temporary buildings intended to be used for periods of up to 2 years, in
industrial areas, workshops and non-residential buildings in the agricultural
field that require low energy consumption;
residential buildings that are intended to be used less than 4 months a year;

e independent buildings, with a usable area of less than 50 square meters.

Annex 2 to Order No. 386/2016 [32] for the modification and completion of the
Technical Regulation "Regulation on the thermomechanical calculation of the
construction elements of buildings", indicative C107-2005 [33], approved by the
Order of the Minister of Transport, Construction and Tourism No. 2.055/2005
defines the upper limit level of the primary energy requirement and CO2 emissions
for buildings whose energy consumption is almost equal to zero, without
differentiating between new and existing buildings. This differentiation will be
established by subsequent technical regulations.

2.1.3.2 NZEB Requirements for existing buildings. Building renovations

Renovation is an important stage of the life cycle of a building, which allows
ensuring the proper functioning of the building, increasing the life cycle perspective.
The term renovation can be adopted to describe different stages of intervention.
Renovation can refer to interventions to replace or modernize a single element or
several parts of the building, as well as the installation of renewable energy sources.
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The renovation of a building must be linked to an improvement in energy
performance, and depending on the level of renovation, different performance
requirements can be set for both elements of the building envelope and the whole
building.

In the Commission Recommendation (EU) 2019/786 of 8 May 2019 [34] on
the renovation of buildings, the following levels of scale of renovation were
developed in the context of the EU Observatory of building stock based on primary
energy savings:

e minor renovation (less than 30%);
e moderate renovation (between 30 % and 60 %);
e in-depth renovation (over 60 %).

Law no. 372/2005, republished, defines two types of renovation:

e in-depth renovation - a renovation that leads to the improvement of more
than 60% of the energy performance of a building, estimated by calculation
according to the methodology provided in para. (1) of art. 5 concerning the
current state and normal use of the building;

e Major renovation - works designed and carried out on the building envelope
and/or its technical systems, the costs of which exceed 25% of the
building's taxable value, excluding the value of the land on which the
building is located.

Renovation follows a route similar to that of new construction: it is linked to a
new life cycle of the building and presents the same stages of design, execution,
and operation. However, initiating the process is different, as the renovation process
usually starts from one of the following issues:

e failures of construction elements and installations or equipment; one or
more elements have reached the end of their life cycle;
performance improvement (e.g., energy, safety, etc.);

e bringing the elements of the building back to the minimum performance
requirements;

e different user needs.

Every design and construction process is affected by several challenges,
which can be easily identified and solved in the case of new construction, but are
more difficult to identify in the case of renovation. Uncertainties can lead to higher
costs and a longer implementation period, affecting the estimated life-cycle costs
(LCCs) of the intervention. The challenges and difficulties could be related to the
following:

Lack of original plans and drawings;
the difficulty in identifying the characteristics of the construction elements
(layers and materials);

e the compatibility between the proposed solutions and the existing resistance
structure.

The decision to renovate a building or to demolish it and build a new one is
a difficult choice for a property owner, as this decision strongly influences the life
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cycle cost of the building, as it is necessary to consider aspects related to the return
on investment and energy savings. There are several tools and approaches to
support the decision-making process and the main factors are related to the
investment cost, the future market value of the existing building, the energy
consumption and the environmental impact of the intervention measures.

The analysis of costs and benefits to support the decision refers to 4 main
categories:

e« Planning - Defining the expectations and objectives of the parties involved
(essential activity in terms of decision-making); The destination of the
building before and after the renovation is an important aspect to be
analysed, as a consistent reconfiguration of the building may be necessary
in case of a change of destination.

e Plant systems and equipment - The design of a new building would allow
new equipment and technologies to be installed without being constrained
by the existing structure, and materials, as well as HVAC and electrical
systems, could be selected only based on life cycle profitability criteria, thus
reducing maintenance costs.

e Project requirements -The requirements resulting from the building
design codes are constantly changing and mean meeting ambitious
objectives regarding the building as a whole, having a high impact on costs.
In this regard, a detailed analysis of the costs of additional work is essential
for making a decision; Structural safety of the building - assessment of the
strength structure and an investigation of previous interventions is required.
Materials used in existing buildings (e.g. asbestos, pollutants, etc.) no
longer meet current requirements. Therefore, additional changes must be
made, which increases the duration and cost of the renovation.

e Location aspects - Is the building in a location where the renovations will
justify the investment? Renovating a store in an area where there is no
economic growth is a good example of a consideration where location is
considered important.

To optimise the process of the NZEB concept, the circuit of the process, the
necessary technical qualifications, the actions to be carried out, and the role of each
involved party must be established. Subsequently, the tasks and functions of the
stakeholders will be known and assigned.

Building owners, investors, the construction industry, energy efficiency
solution providers, designers, project verifiers, certified technical experts, building
energy auditors, and contractors are involved in various phases of the building life
cycle.

Each of the construction factors involved in the process of NZEB buildings is
involved in various related activities over a certain period of time, which was
indicatively illustrated in Figure 2.1 - Participation over time of the factors of
interest, but also in a certain stage of the life cycle of a construction (Table 2.1).
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Figure 2.1. Participation over time of different factors of interest

DESIGN
PHASE

CONSTRUCTION
PHASE

VALID
PHASE

USE PHASE

INVESTOR

BUILDING OWNER (PRIAVATE)
BUILDING OWNER (PUBLIC)
DESIGN TEAM

ENERGY EVALUATOR
TECHNICAL EXPERTS
CONSTRUCTOR

USER

REAL-ESTATE AGENT
BUILDING ADMIN.
BUILDING MATERIALS
UTILITY SUPPLIER

NGO’S

PUBLIC ADMISTRATION

Table 2.1. Participation in a certain stage of the life cycle of a construction

While the user is primarily interested in the operational stage, the designer
is most often involved only until the building is completed. If a property is financed
and used by the building owner himself, he is interested in the entire life cycle until
the user changes, if necessary. Depending on the approach, it can be between 25-
30 years, after repayment of a possible bank loan, and up to 50 years, in case of full
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Table 2.2 shows the benefits resulting from the process of building NZEB
buildings, according to the interests of the different parties. For example, the user is
interested in low operating costs, and thus being in a higher energy class and,
therefore, low utility costs. The construction company is interested in keeping the
execution costs low.

In the case of buildings where the owner is also the user, both components
of the cost are important, both the initial investment and the costs of use. For public
sector owners, the costs of each stage, throughout the life of the building, and also
the effects of energy consumption, such as CO2 emissions, are important.

The benefits addressed refer to commercialisation, the possibility of renting,
increasing the added value, comfort, durability, protecting the environment, or
different local or national objectives such as energy autonomy. Where possible,
direct and co-benefits should be considered in the decision-making process.
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OWNER + + + 0 - + 0 0 - -
(PRIAVATE)
BUILDING
OWNER (PUBLIC) * + + * 0 o -
DESIGN TEAM - - - - + + - 0 - -
ENERGY . . .
EVALUATOR + + + + * + +
TECHNICAL
EXPERTS + + + + * i i
CONSTRUCTOR - - - + + + - - - -
USER - + + + + 0 + + - -
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AGENT - + + - + + + +
BUILDING
ADMIN. + + + + < B B - -
BUILDING
MATERTALS + + + + + + + + + (1]
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NGO'S +
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Table 2.2. Benefits resulting from the process of building NZEB buildings,
according to the interests of the different parties: “+" — very interested; “0"-
neutral; “-"- uninterested
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2.1.4 Control of domestic energy resources in a smart grid scenario

As mentioned before, the buildings sector is one of the largest energy
consumers representing 32% of global energy use, and special attention should be
paid to this sector. Sustainable energy consumption comprises making a more
conscientious use of electricity, including producing electricity locally based on
renewables, and using it with the ultimate goal of reducing overall consumption.

Existing power systems are one of the main reasons for greenhouse or
global warming effects which lead to environmental impacts by using fossil fuels,
especially coal. In contrast to fossil fuels, renewable energy (RE) offers an
alternative source of energy that is pollution free, from a technology perspective.
There is a high focus towards using RE, particularly solar and wind energy, in return
for electricity without generating carbon dioxide emissions. However, most existing
transmission and installed distribution networks are considered “dumb” or inefficient
systems as they cannot return the smart data required for a modern grid
operation[35] [36]. The existing power grid cannot offer the necessary services in
terms of energy efficiency, reliability and security, or possible integration of RE
needed to meet the future clean energy demand [36]. Therefore, the introduction of
smart grid technology is an essential step towards reducing overall greenhouse gas
(GHG) emissions with demand management. Encourage energy efficiency, improves
reliability, and has a more efficient and effective power plan. Smart grids bring
centralized massive power plants and distributed power generators together,
allowing a multidirectional power flow and information exchange. This two-way
power communication system creates an advanced and energy-efficient advanced
energy delivery network in contrast to traditional power systems where power flows
only in one direction, i.e., from generators to customers through transmission and
distribution relays [37] [38] [39].A smart grid is an advanced distribution grid that
delivers electricity with flexibility, reliability, accessibility, and economy. Compared
to today’s power systems, smart grids are capable of digitally enhance power
systems, where the use of modern communications and control technologies allows
greater robustness, efficiency and flexibility [37] [38] [39] [36]. A brief comparison
between the two grids is given in Table 1.

In the context of smart grids, power systems will be endowed with
bidirectional communication, computing, control, and information technologies
enabling the end-user to react in a near-real time environment to dynamic tariffs.
Several studies have already shown that feedback on household electricity
consumption can by itself act as stimuli for a more efficient behaviour and originate
savings. Therefore, with the right incentives and technology, end-users may adopt a
more active role, namely through the adjustment of energy demand aiming to
reduce the electricity bill. Nevertheless, the adjustment of demand is not an easy
task since it requires continuously monitoring demand and kWh prices, and
simultaneously deciding when to decrease or even increase demand and how. The
adjustment of demand should be done through the implementation of demand
response actions. The range of demand response actions varies according to the
type of load and includes deciding:

when to turn on laundry machines, tumble dryers, dishwashers;

e the temperature to be set and/or the curtailments to be applied over
thermostatically controlled loads, such as air conditioners and electric water
heaters or even refrigerators and freezers;
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e What to do with the energy produced locally (store/use/sell back to the
grid); and

e How to manage electricity storage devices, including an electric vehicle that
can be used in both grid-to-vehicle (G2V) and vehicle-to-grid (V2G) modes.

These decisions are not straightforward to the end-user due to all the inputs
that have to be checked and the consequences directly arising from the demand
response actions, which directly impact on the electricity consumption but also on
the end-user perceived dissatisfaction. Additionally, there is the possibility of
combining demand response actions according to the targeted load. For instance,
one or more of the previous decisions may be assigned to thermostatically
controlled loads, such as cold appliances, air conditioners, and electric water
heaters, depending on end-user preferences, flexibility and level of comfort desired.
Temperature settings can be reset, the working cycle can be delayed or anticipated,
and short interruptions can be implemented. Therefore, taking into account the level
of difficulty associated with the control of domestic energy resources, the adequate
choice of demand response actions to be implemented on each manageable load can
be done automately through decision support systems. These systems are supposed
to simultaneously monitor demand, energy prices and local generation and trigger
solutions which minimize the electricity bill and the dissatisfaction of the end user.

The control of domestic energy resources has been a topic of research for
several years and the methodology selected depends on the targeted loads and on
the final aim of the control. Furthermore, the potential flexibility has been assessed
and some pilot studies have already been conducted. Evolutionary computation is
one of the methodologies that can be used in this context to optimize the use of
domestic energy resources through the selection of demand response actions
specifically tailored to the end-user profile. It is important to emphasize that the
cost of operation of a specific load may vary along the day due to a variable tariff
structure, although the energy requested to the grid might be the same.

Therefore, if the end-user has some flexibility regarding load operation and
temperature settings and is willing to accept a small degradation of the quality of
the energy service provided if needed, then a decrease in the electricity bill can be
obtained either by using electricity in periods of time in which the kWh price is
cheaper or because less energy is needed (for the case of thermostatically
controlled loads) or even by coordinating the use of storage systems.

Although the economic savings for each household may seem reduced, the
aggregation of several houses can deliver substantial benefits at national level,
impacting in the electrical energy chain and contributing to increasing overall
efficiency, reliability, flexibility, and sustainability.

2.1.5 How much energy savings potential can be achieved by end-
use energy behaviours.

Energy behaviours are seen as a important factor towards achieving energy
efficiency in the residential sector. They also gain special relevance during the
ongoing transition to smart grids. However, energy behaviours are still an
underdeveloped resource because of the lack of adequate approaches to address
their complexity and the difficulty of quantifying behavioural savings[40].
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Energy behaviours represent people’s actions that lead to energy
consumption. These include investment, maintenance, usage patterns as and the
management, provision of energy resources. While investment behaviours include
new energy consuming equipment acquisition, maintenance behaviours contain
actions for repairing, maintaining, and improving either the equipment or the
building. Usage behaviours patterns are daily actions of users in buildings use phase
and the installed equipment within. Particularly, in a smart grid context, energy
behaviours also mean actions required for managing energy resources[41].

Energy behaviours are usually influenced by personal or contextual factors
with different research disciplines defining them using distinct, yet complementary
approaches. While the social sciences and humanities focus on exploring the
personal and contextual factors that lead to the activation of energy behaviours,
engineering explores energy consumption as a result of the technical characteristics
of equipment and buildings. In Economics individuals are considered to be rational,
the minimize cost and maximize utility in their daily activities, but the stream of
behavioural patterns sees that each individual uses heuristics in order to make
information processing easier[41].

Psychology addresses individual perspective. It identifies personal
determinants and contextual influences. This in order to explain and/ or predict
energy behaviours. Sociology together with other social sciences see energy
behaviours / patterns as the outcome of social context and not as a consequence of
individual decisions, accounting for energy behaviours as the outcome of the social
organization in which individuals live, for example social rules and lifestyles[2].

Behaviour may greatly impact energy consumption in residential buildings.
Modelling strategies like building energy performance simulation tools have
estimated important savings potential that depends on the behavioural dimensions
addressed. While adjusting Occupancy schedules can generate savings up to 21%,
the combination of other behavioural dimensions related with TC (e.g., occupancy,
set points, heated area schedule, ventilation and lighting practices, and use of
blinds) can increase the savings potential up to 88%[2]. When considering other
energy services used within residential environments (e.g., appliances, water
heating), the savings potential can even increase. Usually, investment energy
behaviour patterns have a more significant savings potential than usage behaviours,
and the potential for behavioural savings per energy service is proportional to the
breakdown of energy consumption[2].

Although major potentials for behavioral savings have been estimated
through modeling approaches, it is difficult to realize these savings through
implementation of behavioral change interventions. These, overall, usually generate
savings up to 20%, but this value can significantly differ depending on the
strategies used to promote them and on the social, political and economic
context[42]. Using Europe as case study, the most effective interventions are
feedback, community-based initiatives, energy audits, and a combination of multiple
strategies, all having the possibility to generatw savings from 5% to 20%. However,
these results may not be transferable since they have been achieved in the context
of interventions with different characteristics (e.g., location, typology, scope, scale,
and energy policy context). Furthermore, behavioral savings can also be partially
cancelled by rebound effects, such as savings being potentially used by the
household to increase the consumption of goods and services, including energy, and
to a reduction of energy demand and lower fuel prices which, in turn, could increase
the energy consumption. Rebound effects have been estimated to be around 5%-
13% for improvements in electrical efficiency, 6% for lighting improvements, 15-
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25% for improvements in space cooling and heating, and 9% and 14% for
behavioral changes using electric appliances and heating, respectively Rebound
effects also differ among geographic areas. For example, while in the USA rebound
effect was estimated around 56- 80%, in Europe this value reaches only 18.3%/[2].

In summary, end-use energy behaviors may significantly impact residential
energy consumption therefore playing an important role in energy efficiency in
buildings. However, behavioral savings may be limited by real-world constraints and
rebound effects. [42]

2.1.6 Integrated indoor environmental quality assessment

Air Quality (IAQ) is a major environmental health concerns in Europe. It has
great impact on the health of buildings users, mainly of children or elderly, these
being the most sensitive groups. IEQ is tied to IAQ and it is defined as "the complex
of thermal, visual, acoustic, vibration and ergonomic comfort and indoor air
quality”[2]. TC also represents a decisive factor for health, comfort and work/ study
proficiency of people and significant economic and social costs may arise when it is
neglected. TC is defined as the state of mind which expresses satisfaction with the
thermal environment[2]. It can be assessed by objective evaluation, and the main
factors to be considered are the indoor air temperature, mean radiant temperature,
humidity and air velocity. It is suggested that having improved indoor conditions
and socio-economic protection might lead to a decrease in winter mortality in mild
winter climates[43]. A good illuminance level also contributes to a suitable indoor
environment. In fact, the payback of daylighting goes beyond energy savings. It has
been suggested that daylighting improves learning up to 21%. Besides, from a
psychological perspective, it effectively stimulates the human visual and circadian
systems. For the mentioned reasons, it is mandatory that buildings ensure good IEQ
to occupants[44].

The energy efficiency related to TC and IAQ embodies a great task in the
buildings’ operation and management field. Until recently, the IEQ issues have been
approached separately from the energy efficiency issues in buildings. This is why
many different case-studies are found in literature for each field, but few integrated
studies are found. An integrated approach to reduce the energy consumption in
school buildings while providing good indoor environmental conditions has been
addressed, and the IAQ of homes is evaluated considering energy efficiency. In fact,
it is proposed a reflection on the evolution of the reduction of useful floor space in
dwellings and the air tightness and restricted air infiltration, which may see internal
air change rates reduced by almost 90%. It is also mentioned that reducing
ventilation rates to improve energy efficiency and reduce carbon emissions, without
incorporating an effective ventilation strategy, leads to a poorer indoor
environment, which is expected to have a long-term impact on public health.
Although this was mainly addressed regarding housing, the same reasoning might
be addressed for spaces where people spend most of their day, since offices or
schools, where poor ventilation in classrooms may greatly impair children’s attention
and vigilance[2] [44].

Behaviors of end-users' should not be disregarded, as they are determinant
for the use of energy. Buildings do not use energy, people do. Relating TC, besides
environmental factors, end-users' behaviors (such as the activity and clothing
insulation) also take part of the equation. For example, if the metabolic rate is
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somehow conditioned by the activity (e.g., seated in an office is seen as sedentary
activity) and it cannot be easily changed, the clothing layers may correspond to a
significant individual adaptation. Human adaptation should be seen as one of the
main drivers to energy efficiency. Today, due to the increase of mechanical
ventilated systems use in buildings, people seem to have tightened their comfort
levels. In fact, in countries where HVAC systems are still not so imbedded, or where
outdoor conditions go beside the “typical” European ranges, people feel more
comfortable (i.e. people state to feel neutral or to accept the experienced
conditions) besides the current comfort standards, such as ISO 7730[45], EN
15251[46], ASHRAE 55 [47] or the forthcoming EN 16798. The effort that the
standards have been doing to incorporate TC adaptive models in a more sustainable
building performance perspective is noteworthy. By enlarging the comfort
boundaries, it has been unveiled that it is possible to reach comfort levels in non-
mechanical ventilated buildings. Starting from the 70’s approach on energy
conservation through building tightness (that ultimately led to some of the problems
such as increased concentration of pollutants indoors), moving forward a different
attitude is needed. Besides adaptation, energy unenlightenment seems to be one of
the main agents driving against energy efficiency in buildings[2].

Attention to “technological illiteracy or sins of emission” is drawn, relating
the miss-control of building management systems in secondary schools, e.g.
recalling the need for post-occupancy evaluation actions, vital analyses to identify
opportunities for fine tuning of the systems operation. Basically, more efficient
building management systems operation and scheduling are suggested, combined
with passive measures towards IEQ when systems are turned off (due to energy
constraints). Adaptive actions such as windows and/or doors opening are
determinant, aiming at raising the ventilation rates and lowering CO2 concentration
levels. The importance of different ventilation methods and control strategies on
energy consumption and the importance of proper management of ‘Building
Automation and Control Systems (BACS) for performance optimization’ are also to
be addressed[2].

2.1.7 Different methodologies for the assessment of building retrofit
actions

. The works involved in retrofit are usually of complex and heterogeneous
nature that require various specialties to be integrated in highly variable conditions.
Furthermore, a thorough building's retrofit evaluation is quite difficult to undertake,
because a building and its environment are complex systems regarding technical,
technological, ecological, social, comfort, esthetical, and other aspects, where every
sub-system influences the total efficiency performance and the interdependence
between sub-systems plays a critical role[48]. There are a number of models and
methods developed to assess conditions and support decisions pertaining to building
retrofit. These methodologies can be categorized into two main approaches: the
models in which alternative retrofit solutions are explicitly known a priori and the
models in which alternative retrofit solutions are implicitly defined in the setting of
an optimization model[48].

The most common a priori approach is one in which the decision maker
assigns weights to each criterion, the weighted sum of the criteria then forming a
single design criterion. It is then possible to find the single design solution that
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optimizes the weighted sum of the criteria. A multicriteria analysis model to be used
at the process of building design in order to explore the trade-offs between the
building thermal performance and other criteria such as capital cost and usable area
has been proposed [2]. More recently, other researchers have also employed multi-
criteria analysis techniques to similar problems. Some [48]proposed approaches for
the evaluation of retrofitting scenarios. In some cases, a multivariate design method
and multi-criteria analysis for building retrofit, determining the significance,
priorities and utility degree of building retrofit alternatives and selecting the most
recommended variant. These lines of research have allowed addressing many
problems as far as buildings retrofit is concerned. However, most of them consider
that a list of predefined and pre-evaluated alternative variants of the building
retrofit options is given. In case a small number of such solutions have been
defined, there is no guarantee that the solution finally reached is the best one (from
the decision maker’s perspective). On the opposite case, when a large number of
solutions are defined the required evaluation and selection process may become
extremely difficult to handle. Moreover, multi-criteria analysis-based methodologies
do not provide the designer with information about how sensitive each criterion is to
changes of the other criteria[2].

The second approach is based on multi-objective optimization. It allows to
consider a large data-set of building retrofit options, set by the constraints that
define search space and grasp trade-offs between objective functions helping to
reach a satisfactory compromise solution. However, so far, relatively little attention
has been paid to tackling building retrofit decision support with multiple objective
optimizations.

Considering all the possibilities that the decision maker has available for
building retrofit (e.g., HVAC systems and renewable energy sources), as well as all
the objectives that one may wish to optimize (CO2 emissions, social objectives,
etc.), it may lead to the combinatorial explosion of the decision problem, thus
making the solving procedure extremely difficult and time-consuming. In such case,
other optimization techniques, namely multi-objective genetic algorithms are
necessary for tackling the problem. A multi-objective-genetic algorithm has been
used to find the trade-offs between the energy cost and TC for the design of a single
zone HVAC system[49]. A multi-objective optimization approach has been proposed
based on genetic algorithms to tackle the problem of designing low-emission cost-
effective dwellings, minimizing the carbon dioxide emissions and the investment
cost for a two-story house and its HVAC system.

A main drawback of genetic algorithms is the high burden whenever it is
necessary to make a large number of calls to an evaluation function involving a high
computational cost. In building applications, these evaluations are generally
estimated by an external simulation program such as Computational Fluids
Dynamics or other simulation packages. If accurate results are required, each
evaluation can be time consuming, and thus the complete computational process
becomes extremely unattractive. Accordingly, building optimization studies using
genetic algorithms generally tend to reduce the computational time by using two
methods. The first method consists in using very simplified models instead of
complex simulation software. However, this method presents a risk of over-
simplification and inaccurate modeling of building phenomena. The second method
commonly used is to select populations of very small genetic algorithms and / or a
relatively small number of generations. Again, optimization can be significantly
affected and may lead to narrow or nonoptimal solution sets[2].
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One very efficient, yet not widely exploited, solution to reduce the
computational time associated with genetic algorithms is to use a response surface
approximation model to first mimic the behavior of the base building model, and
then use this response surface approximation within individual genetic algorithms
for the evaluation. By doing so, the computational time associated with each
evaluation becomes negligible, while good accuracy is maintained in the results.
Although there are several response surface approximation methods, there is no
common agreement about which technique is best[2].

2.1.8 Thermal energy storage systems with PCMs

Thermal energy storage (TES) systems with phase-changing materials
(PCMs) can be used to: reduce buildings' dependency on fossil fuels; make use of
renewable energy sources; improve the thermal resistance and heat capacity of
building's envelope; improve indoor thermal comfort; reduce heating and cooling
energy demand; and reduce air-conditioning power needed for heating/cooling
peak-loads. Compared to traditional materials used in construction, PCMs provide a
large heat capacity over a limited temperature range (due to high energy quantities
involved in the solid-liquid phase-change processes) and they could act like an
almost-isothermal reservoir of heat. As the temperature increases and reaches the
melting temperature, PCMs change phase from solid to liquid absorbing heat. When
the temperature decreases and reaches the solidifying-temperature, PCMs change
phase from liquid to solid releasing the stored heat. The PCM-based systems are
commonly pooled into two main groups: passive and active systems. Here,
"passive" means that the phase-change processes occur without resorting to
mechanical equipments.

Regarding the problem of liquid leakage, several ways of [2]containment
and different techniques for incorporating PCMs in construction materials have been
studied. Two of the most well-known techniques are the microencapsulation and the
macro-encapsulation techniques. In the former, the PCM is encapsulated within a
micro-polymeric capsule. The final result is a powder-like material that can be mixed
with other materials (e.g., gypsum and cement mortars). In the latter, the
microcapsule may be the only way of confinement. These macro-capsules are
typically made of high-conductivity 20 materials in order to enhance the heat
transfer to the PCM-bulk, as PCMs have typically low thermal conductivity [50].

The principles of PCMs' use are simple; however, optimizing the
incorporation of PCMs within passive TES systems and evaluating the energy
performance of the building with these elements is very complex and challenging.
This entails including the use of the building and the typology of construction (high
or low thermal inertia) and the major design parameters, namely the phase-change
temperature of the PCM and its quantity. Moreover, such parameters need to be
specified for given indoor loads and also for specific climatic conditions. Regarding
the incorporation of PCMs in active systems, similar challenges are expected.
However, in this case, the heat supply control may allow better control of phase-
change processes[50].

The number of studies concerning the integration of PCMs in buildings has
been increasing during the last decade. The research topics range from the most
general to very specific ones, covering issues such as: the kind of PCMs and the
main criteria for their selection; the thermophysical properties of different PCMs and
the main techniques for their measurement; the long-term stability of PCMs; the
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hysteresis and subcooling problems; the different techniques for encapsulation and
containment, including microencapsulation; the description of PCM emulsions and
PCM slurries; the description of several impregnation; the main properties of shape-
stabilized PCMs; the combination of thermal insulation and TES properties; the
description of some heat transfer enhancement techniques; the mathematical and
numerical modeling of phase-change problems; the description of several
applications for buildings and their thermal performance Analysis; the dynamic
simulation of energy in buildings with PCMs; the free-cooling of buildings with PCM-
based systems; the design of ventilation and air-conditioning systems with PCMs
and other active systems for buildings the integration of PCMs in domestic hot water
systems; the latent heat storage in solar collectors and other solar systems; the
thermal management of photovoltaics; the thermal control of electronic devices; the
exergy assessment of PCM-based systems; the use of PCMs for cold storage
applications and other TES applications[2].

It has been observed that the study of solid-liquid phase-change of PCMs is
of great interest from the theoretical point of view and for the development of new
TES systems. Moreover,[2] several research gaps were identified and some
recommendations for future work were noted, such as:

e the design of new passive/active TES systems to take advantage of solar
energy or other renewable sources;

e the assessment of the stability and convergence of numerical results, and
the importance of validating the numerical predictions using appropriated
experimental data (together with a suitable uncertainty analysis);

e the importance of the effects of hysteresis, subcooling and natural
convection phenomena in

e the simulations and the challenging assessment of the thermophysical
properties of PCMs

e and PCM-based elements in small, medium and large samples;
the economic and the environmental life-cycle assessment of PCM-based
systems; and

e the development of methodologies to couple dynamic simulation of energy
in buildings techniques with multi-dimensional, multi-criteria and/or multi-
objective optimization analysis to help decision-making in the optimization
of the configuration of TES systems, their functioning and their location
within the building.
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3. THE EXISTING COLLECTIVE HOUSING STOCK
IN ROMANIA. THEN AND NOW

"The high-rate development of the national economy, the modernization of cities
and labour centers, the increase of the number of workers and specialists, the
continuous increase of the salary and other incomes of the working people, make
necessary the development of housing construction and the improvement of their
conformity. to the whole people.

In order to meet the growing housing requirements, the pace of construction of new
homes will be intensified and measures will be taken to continuously improve
comfort, in accordance with the pace of development of the national economy and
according to the provisions of the state plan.” [1]

After the end of the Second World War and the establishment of the
communist regime, Romania experienced a period of massive economic recovery.
Determined by the policy of forced industrialization over the entire sphere of
influence of the Soviet bloc, Romania also suffered from a shortage of skilled labor
for new industrial centers developed on the outskirts of cities or, in most cases, in
new cities. built for this purpose. The result was a large migration from the rural to
the urban areas during the period between 1948 and 1975, increasing the urban
population by 147%. Therefore, it is fair to assume that the vast majority of people
living in the socialist dwelling neighbourhoods came from a rural environment
[2][3][4].

Here that, more than a century away from the first factories and working-
class neighbourhoods during the Industrial Revolution, Romanian society faces the
same premises that led to the development of high-density forms of collective
housing in the modern period: new industrial cities that attract population rural as a
labor force, causes an accelerated increase in the number of inhabitants in cities,
generating, implicitly, a housing crisis [2][5].

In order to provide enough homes for the factory workers and their families,
entire neighbourhoods of collective dwellings have been built, all based on the same
recipe: prefabricated concrete panels. These panels ensured the production of a
large number of neighbourhoods thanks to the rapid process of construction. The
final product is a monofunctional and uniform space which lacks in diversity, a space
where the emphasis is on providing the same conditions for everyone, hence on the
equality between the residents.

For erecting these new neighbourhoods, the communist administration
bought entire areas of houses and gardens located in the periphery. It soon led to
the gradual demolition of the households, making space for the new apartment
buildings. The blocks of flats were conceived in a great typological variety based on
several typical architectural projects, thus obtaining repetitive mod- ules that could
be assembled in many ways, depending on the limits of the existing urban tissues.
In other words, a row of blocks could have been composed of multiple subtypes of
the same building typology, allowing it to fit in the constrained boundaries of the
demolished areas.
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Even if the collective housing is present on the territory of today's Romania
since the period of Austro-Hungarian expansion in the XVIII-XIX centuries, in the
form of "Blockhaus" type housing, with living spaces for different social categories
and organized around courtyards and corridors, the new apartment blocks built
during the 60'-85 'had a much stronger impact on the country's population [2][6].

After the fall of the communist regime in 1989, as in many European
Communist countries, the apartments have been purchased by the residents for a
small amount of money. The growth of the inflation and the depression of the
national currency led to the dramatic decrease of the apartment prices overnight.
But prices soon exploded due to several factors, such as the flourishing economic
context, and the late occurrence of new investments. The present recession led to a
sudden drop in prices due to lack of bank financing and freezing of the housing
market and the proposals of new residential projects, drawing attention upon new
problems such as the need of improving existing housing stock that dominates the
market.

3.1. Changes on private property

The development of collective housing in Romania, during the years 60'-85',
is also linked, to a certain extent, to the evolution of the urbanization plan
determined by the USSR policy. This evolution has largely retained its sequence of
stages, being felt with some temporal delay.

In 2012 at Columbia University during the “The Fitch Colloquium: Why
preserve public housing?” conference, describe the most important stages in the
urbanization of the USSR and the satellite states, while following the emergence of
constructive systems used in the construction of working-class neighbourhoods are
described [7]. Key aspects are presented below:

e 1918: Urban private properties are being nationalized

e 1920: Collective housing experiments are being carried in the USSR. Urban
population at 17,9% with 8,2 sgqm/capita available living space

e 1931: Stalin Period. During the Central Committee Meeting, Stalin criticises
the failure utopic modernist ideas towards affordable housing; increased
government authorities’ involvement with detriment towards specialists.
Urban population at 33% with 6,9 sqm/capita available living space

e 1952: All residential buildings are to be designed according to State
Committee for Construction. Urban population at 40% with 7,4 sgm/capita
available living space

e 1955: Hrusciov era. A decree is issued on "eliminating the excess in design
and construction". The impact will be to simplify the design and execution of
housing for economic reasons, to the detriment of quality and sometimes
functionality.

e 1959: First residential units using large prefabricated concrete panels are
built in the GDR. This system will also be intensively used in Romania during
the 70s. Urban population in USSR at 47,9% with 9,2 sqm/capita available
living space

e 1965: First buildings using frame structures. Urban population at 52% with
10,3 sqm/capita available living space

e 1991: Fall of the USSR. Urban population at 65.8% with 11,2 sgm/capita
available living space
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e 1992: Extensive privatisation

In Romania, the historical stages took place in the same succession until after
1963 when a series of divergences appeared between the Romanian and the Soviet
authorities. At Khrushchev's proposal, the most industrialized communist states
(GDR and Czechoslovakia) were to focus mainly on industry, while Romania had to
specialize in agriculture, to the detriment of industry and inconsistent with the
perspective of the Romanian Workers' Party. The position won by Nicolae
Ceausescu's mediation of the conflict between the USSR and the People's Republic
of China allowed a departure from the economic over-planning of the European
communist states belonging to the Council for Mutual Economic Assistance (CAER)
and, implicitly, from the political vision. in the USSR [8][2].

The new era of personality cult and communist propaganda born after
Ceausescu's visit to Pyongyang in 1971 will mean the international creation of a
state image independent of the USSR's influence, felt through political measures
taken both externally and internally [9].

A number of measures of this independent policy have had a direct impact on
private home ownership. It should be noted that in the ex-Soviet bloc, forms of
ownership of liberal housing were non-existent, being replaced by the so-called
"propiska" [10].

In the case of collective dwellings, they functioned as temporary or permanent
residential permits, which could not be inherited or passed on to successors. For
those who had the financial means to build a house in the urban environment, they
were granted the right over the buildings themselves and the right to use the land
in exchange for an annual rent, the land being owned by the state. The exceptions
were rural households that were privately owned and could even carry out, under
certain restrictions, even for-profit private activities. Contrary to the liberal view,
Soviet forms had limited guarantees regarding the protection of private property,
mainly due to ambiguously formulated laws. Privatization of property was possible
only with the fall of the USSR, after the 1990s [11].

Some legislative initiatives, among which we mention law no. 9/1968 [12] and
law no. 4/1973 [1] will make that, in Romania, private property over housing be
allowed and guaranteed since the 70's, before many other states remained under
the influence of the USSR until the end of the 80's. This legislative framework,
revolutionary for consolidating the notion of private property in Romania, provided,
as the title of the documents itself says, ways to "develop housing construction, sell
housing from the state fund to the population and build personal property rest
homes." Thus, a system of transferring state-owned to individual-owned housing
was set up, with the help of loans granted by the authorities, which were
particularly felt in the purchase of newly built apartments.

Although this new real estate market was still in its infancy, with no substantial
capital from individuals, the true consequences of this policy will be felt much later,
after the fall of the communist regime, as a result of a financial consequence.

The non-performing economic situation in Romania after 1989 [8] generated an
exponential increase in inflation, the ratio of the national currency to international
currencies occurring through a denomination that determined a significant
devaluation of the leu. In this context, in the absence of a correlation with the new
value of the national currency, housing loans, all related to the “leu”, have become
extremely affordable, generating a wave of apartment purchases unique in Europe.
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3.2. The “Grey Neighbourhoods”

Today, more than half of the urban population in Romania lives in the blocks built
during the communist period. It's not for nothing that these homes have were
nicknamed "matchboxes", this because of their small space. Despite the fact that
there are similarities between these constructions and several dwellings social from
Western Europe, apartment buildings in Romania have characteristics and different
motivations. For example, they were not designed for categories disadvantaged by
people, but represented the only type of new housing. Besides, that's it urban
development as well as architectural aspects were part of a system of general
planning. This included the economic aspect, but also the stated purpose to create a
new society. The general quality of these constructions has degraded, which leading
to a decrease in the price of each apartment. In the long run, this could lead to the
emergence of considerable social and economic problems. To prevent this, several
measures have already been taken, for example, such as rehabilitation programs.
But in addition to being insufficient, they promote partial and uncoordinated
solutions. Figure 3.1 illustrates these neighbourhoods as they are today.

Figure 3 1. The “Grey Nelghbourhoods

It is important to see that the rehabilitation of these neighbourhoods does
not it can only be based on solving technical problems, but it must have a holistic
approach so that the end result can be a complex regeneration and efficient, a
program that takes into account all aspects: spatial, social, local and economic.

3.2.1 Building statistics in Romania and Europe

The Studies carried out by the Building Performance Institute of Europe (BPIE)
have highlighted the general situation in Europe regarding apartment buildings
[13][14]. Figures 3.2 and 3.3 show a brief comparison between buildings in Europe
and Romania.
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Figure 3.2. Apartment building percentage in Europe
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Figure 3.3. Statistic comparison of the collective housing stock between Europe and

Romania

Compared to the highest percentage of residential construction completed
between 1961 and 1990, of 81%, by Estonia, the lowest rate being in Ireland
(32%), the percentage in Romania is quite high (60%). In addition, if it is about the
number of owner-occupied apartments, Romania ranked first, with around 96%
Only 4% of the inhabitants are renters, while in Switzerland the percentage of
renters is 65%. Beyond these, however, regarding the area allocated for each
person, Romania is at the bottom of the list, with only 20 sgm/person, while
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Southern Europe allocates 31 sgm/person and North-West Europe leads the way
with 36 sgm/person [13][14].

With regard to CO2 emissions per useful built area, Romania places somewhere
in the middle of the list, producing only 57 kg CO2/m2. The smallest amount of CO2
emissions is in Norway, 5 kg CO2/m2, while in Ireland is the highest (122 kg
C02/m2) [13].

Rehabilitation of old buildings is one of the most important issues for the
European Commission, in its commitment to reduce emissions of CO2 and
greenhouse gases (GHG) and energy efficiency. According to statistics Eurostat, in
2009, European households were responsible for approx. 70% of the total final
energy consumption in buildings, space heating requiring the more energy than
end-use in EU homes. It is obvious that policies in the field aimed at retrofitting are
crucial in this area of consumption. One of the most debated issues today is to find
measures adapted to the level local that can be taken to ensure commitment to the
EU policy "20-20-20" and to find alternative and innovative solutions for energy
performance at a cost optimum of buildings, adapted to the local market.

3.3. Collective housing typologies. Project 770
3.3.1 Large prefabricated panels collective housing characteristics

The increased urbanization in Romania has led to rapid and economic
construction of new housing neighbourhoods.

Among the construction systems that met the requirements, the best option
was using large prefabricated reinforced concrete panels that had the following
edges for design and implementation:

e industrialization: large reinforced concrete panels were prefabricated in
industrial sites according to standard projects, being transported to locations
for installation;

¢ rapid production: the prefabrication in industrial lines of a limited number
of elements, which could be combined in different ways, allowed the process
to proceed quickly;

e mobility and transport: the prefabricated buildings were dimensioned with
maximum weights so that they could be easily transported and handled on
site with the help of cranes;

¢ repeatable: conceived in this way, the type projects of residential buildings
were repeatedly built on a large scale, multiplied, drawing the new image of
the working districts;

e quick construction: unlike the traditional masonry systems used until the
60's, this system allowed the rapid erection of buildings, the only operations
on site being those of binding the panels by monolithization;

e economic efficiency: industrialization opportunities, short construction
times and limited site operations led to increased economic efficiency by
reducing construction material losses, reducing labor costs and, by
improving the system, detailed knowledge and prevention from the design
phase of construction problems. building.
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This construction system has been used since the 60's, gaining popularity in the
70's. An important moment in its evolution was the earthquake in Vrancea, in March
1977, leading to the abandonment of the construction of projects with high height
regime (GF+8 - GF+10). This generated an increase in the construction of projects
with 5 levels (GF+4) [13].

Among the project types built in Romania, the most common are:

Type 1013-1168: three or four stories, built between 1960-1970;

Type 744: GF+4 in height;

Type 944 and 1400: GF+3, designed for areas with high seismic activities;
Type 1340: GF+4, with large constructive cells;

Type 770: GF+4, the most used typology in the country.

3.3.2 Project 770

One of the most common types of blocks in Timisoara are the 5-storey 770 and
1340 model, built between 1970- 1985 and 1980- 1990 respectively, the first
offering the lowest living standards. All of these apartment blocks were created to
be combined in different ways in order obtain a variety in the erection of new
neighbourhoods. However, the repetitive pattern can still be perceived, producing a
sense of confusion, as the neighbourhoods have no visual identity. The retrofitting
and refurbishment of these blocks of flats can be seen as an opportunity to develop
an identity to the neighbourhood. To narrow the field of research to the study of the
most spread model in Timisoara, the 770 has been chosen.

Figure 3.4. Building a Type 770

The model has been built extensively throughout the entire country during the 70s
and the beginning of the 80s. We can find this model in almost all the
neighbourhoods erected during that period from cities such as Arad, Cluj, Brasov,
Bucharest, Iasi and Ploiesti. The great dispersion of such typical projects developed
throughout the country lies in an efficient strategy oriented towards
industrialization, affordability, transport and speed in execution. Every project type
was developed starting from precise and rationally dimensioned prefabricated
building components that would be shipped to the building site and assembled in the
shortest time possible. In the case of the 770, 68 different components were used,
ranging from vertical exterior and interior walls, ceilings, to staircases and even
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bathrooms. The particularity of this model is represented by the 5 possible bay
dimensions measuring 2.40, 3.00, 3.30, 3.60 and 5.40 meters [16].

Based on the prefabrication strategy, three subtypes of the 770 model were
identified: Pa, Pb and Pc, all differentiated by planimetry. Furthermore, the results
show that the Pa subtype is most present in the West and Center of the country,
while the Pb in the South and East. The Pc subtype is spread across the country, but
less compared to the other two subtypes [17].

Pa1 Pc1

A:49,47 m2 AT71,76 m2
A46,60 m2 A59.27 m
Adg.47 m2 PR
Pa2 Pc2
i ad A52,92 m2
A52,02 m2 56,82 mo
A55,82 m2 sl
Pa3 Pc 3
A59,27 m2 A:88,66 m2
A70,05 m2 A59,34 m2
Pa4 Pc 4
AT1,75m2 A68,50 m2
A59,27 m2 A68,19 m2
Po1 Po3
A46,36 m2 A59,02 m2
A46,27 m2 A:50,04 m2
A46,39 m2 A58,99 m2
A46,36 m2 A59,02 m2
Po2 Pb4
A52,59 m2 A88,47 m2
A52,78 m2 M | A68.46m2
AB2,71 m2 l1 A:68,45 m2
A52,71 m2 A68,44 m2

Figure 3.5. Subtypes of Model 770

The Pa typology has 5 bay openings, double orientated apartments, and a
staircase with two flights of stairs. This typology has 4 subtypes: Pal, Pa2, Pa3,
Pa4. The first subtype, the Pal, has two bay dimensions (3,30m and 3,00 m). This
type has three apartments on each floor, each with just two small rooms. Two of the
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apartments are double orientated, and only the middle apartment has two balconies
only on one side. The living areas of the apartments are 65,67sqm (ground floor
apartment with 3 rooms), 49,50 sgm, and 46,60 sgm. The Pa blocks are placed N-S
and the apartments have double orientation [16].

The Pb typology has 6 or 8 bay openings, but the dimensions are the same
as the Pa (2.60, 3.00, 3.30, 3.60, 4.00, 5.40). This type of block has 4 apartments
on the floor, all of them been single orientated. The staircase is made of a single
flight of stairs, with no natural lighting [16].

The Pc typology has only 4 bay openings with the same dimensions as the
other types of blocks (2.40, 3.00, 3.30, 3.60, 4.00, 5,40). These blocks are used for
making the cvartal corners. On each floor they are only two double orientated
apartments, but the plan isn’t symmetrical like the Pa [16].

In Timisoara, the building apartments realised with prefabricated panels
represent 40% of the entire built background. From all these, 1102 blocks were
identified as the 770 model, out of which 473 are Pa (43%), 390 Pb and 239 Pc.
However, only 27% of these blocks are in their original condition and just 4% of the
buildings are thermic rehabilitated. Furthermore, the blocks on which the
inhabitants intervened on the initial terrace with a two-slope roof dominate the
background and represent 69% of the total number. In case of Timisoara, these
interventions are most numerous in the Soarelui neighborhood, where 80% have
this kind of intervention [17].

Each of the twelve subtypes represents one block of flats ranging from 10 to
20 apartments that are bound together to form a building row. Several connection
types are defined, determining different positions of the blocks in the row [16].

The connections imply changes in the position of balconies and in few cases
the modification of the floor plan (D and F, for Pcl and Pc2 subtypes).

Thus, there are blocks that can function as individual buildings (CC ‘end-
end’), blocks that represent the end of a building row (MC, CM ‘end-middle’),
intermediary blocks (MM ‘middle-middle’) or corner continuation of the rows (LM,
LC) [16].

By taking into account all possible types of connections that can be applied
to the 12 subtypes, we get 88 different blocks of flats, all starting from the same 68
prefabricated building components [16].

Analysing the three subtypes (Pa, Pb and Pc), several problems have been
identified, such as the staircase, the lack of elevators, or the apartments dimension,
especially those with the loggia.

The apartment layout is also deficient according to present living standards,
because they were conceived for people that spent a lot of time in the kitchen
(cooking for the whole family) as a gathering place. The contemporary living has
shifted towards a more dynamic lifestyle, where cooking has become a more
sporadic activity.

The 770 block typologies main issues are: insufficient natural lighting, the
lack of space and the low level of comfort especially in narrow bay configurations,
emphasizing that these dwellings were realized for a population with a general low
financial status, which owned small number of belongings. In the present, the
number of belongings is continuously growing, and the old storage spaces are
unable to support the new needs of the inhabitants.

Despite these, a study upon Timisoara’s real estate market has proved the
still existing attractiveness towards these collective dwellings. The result shows that
the greatest apartment demands are situated on the intermediate floors (2nd and
3rd) from three main areas: Lipova, Soarelui and Giroc districts.
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3.3.4 Structure assessment

The infrastructure is made of continuous foundations of plain concrete B75
(C4/5) for the current sections, under the walls at the joints, a superior concrete
recipe B100 (C6/7.5). In the case of a large section, such as Pb3 or Pb4, the
dimensions of the foundations are a maximum of 90x45 cm for the intermediate
diaphragms, reaching a maximum of 110x60 cm for the perimeter diaphragms.
They determine a spatial assembly with high rigidity in both directions [16].

The walls of the technical basement of 1.70 m, constituting the elevations,
are made in -situ of concrete B150 (C8/10) with a thickness of 20 cm. It is
recommended to make the lower and upper belts in the thickness of the basement
walls, through additional reinforcement. The degree of reinforcement of the
infrastructure is determined locally, depending on the conditions on each site.

Special attention was paid to the installation of the slab over the basement.
Being the first prefabricated panels to be installed on the site, the correctness of the
structural connections at this level determined a good cooperation between the
building infrastructure and the superstructure of the prefabricated panels.

The suprastructure was almost entirely made of prefabricated elements,
both load-bearing and non-loadbearing. On the construction site, only the
monolithization works between the prefabs were carried out. All prefabs were made
exclusively according to the standard project, obtaining an identical level of
structural parameters in the case of all the built blocks. At the same time, all
prefabs are limited to a weight of up to 5.1 t, in order to be handled using the
MT110 crane.

The load-bearing outer walls are made of reinforced prefabricated concrete
panels, with a total thickness of 30 cm. The 13 cm resistance layer, as well as the 6
cm protection layer, are made of reinforced concrete B250 (C16/20), having an 8
cm thermal insulation layer of BCA.

The load-bearing internal walls are 14 cm thick, being prefabricated from
reinforced concrete B200 (C12/15) for seismic grades 6 and 7, respectively B250
(C16/20). They had semi-finished faces from the factory.

The slabs are made of reinforced concrete B250 (C16/20), 13 cm thick, and
are also used over the technical basement.

The reinforcement of all precast concretes is made with 4 mm STNB
concrete steel mesh (type S490) and longitudinal and vertical reinforcements from
PC52 bars of 10 mm and 14 mm, respectively.

The other prefabricated elements were made up of non-load-bearing
exterior panels, in the case of loggias (21 and 25 cm, with 8 cm BCA thermal
insulation), attics and access hatches to the terrace, prefabricated landings and
ramps, fully concrete bathroom cabins equipped and finished and ventilation
chimneys.

The joints between the prefabs made on the site involved the welding of
accessible reinforcement whiskers at the edge of the panels, using additional
reinforcements and the monolithization of the joints with plain concrete B300
(C18/22.5) with fine aggregate. The thermal insulation of the joints, mainly for the
purpose of correcting thermal bridges to condensation, is ensured by a 2.4 cm layer
of polystyrene. The joints between the panels were insulated with C895 putty.
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Figure 3.6. Connection details

3.3.5 Apartment characteristics

The types of apartments obtained within the project type 770-83 comply
with the new provisions of the decree 216/1981 regarding "establishing the limit
prices of houses that are built from state funds, the contract prices of privately
owned houses and the sale prices of houses from the fund state housing" [2]. Along
with the development of the means of selling apartments, it was resorted to the
imposition of some minimum surfaces of the apartments, which must be covered by
all standard projects.

Project 770-83 presents 3 major types of detached apartments (type 2, 3
and 4, defining the number of rooms), having several subvariants given different
useful surfaces (I, II), but keeping the same functional configuration [16]. All
benefit from a separation of the day and rest areas. Loggias or balconies are present
in all cases. Bathrooms and sanitary groups do not have windows, being naturally
ventilated, through eaves.

Type 2 is represented by two-room apartments, consisting of living room,
bedroom, kitchen, bathroom and vestibule, with useful surfaces between 43.0 and
50.3 m2. The orientation of the living rooms is double, in the case of type a
apartment and simple for type b apartments. Reaching a percentage of 44% of all
the sections of the 770 projects, they remain specific to the Pa variants.

Type 3 are the apartments with 3 rooms, having a bedroom and an
additional service bathroom and surfaces between 55.0 and 64.2 m2. The
orientation of the rooms is double. Type 3 composes all the Pc sections, being found
in 51% of all sections of the 770 projects.

Although they have the largest usable areas (between 67.7 and 77.9 m2),
type 4 apartments are specific to the 8-bay sections Pb3 and Pb4 and sections Pa3
and Pa4 (only 5% of all possible apartments). In addition to the living room, kitchen
and vestibule, the apartments benefit from 3 more bedrooms, an access hall and 2
full bathrooms. The living rooms are all simply oriented.

The usable area per capita at the level of the entire project 770, calculated
as a weighted average, indicates the value of 21.76 m2/person.
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Type Building | Freq. | People | Liveable area | Surface area | [sqm / pers.]
[%] [sqm] [sqm]

2.1 Pb1l 12% 2 26.7 44.8 22.38
2.1.a Pal 5% 2 25.7 43.0 21.5
2.1.b Pal 2% 2 25.2 43.0 21.5

2.2 Pb2 16% 2 30.8 51.7 25.86
2.2.a Pa2 5% 2 29.1 49.3 24.65
2.2.b Pa2 2% 2 30.2 50.3 25.15

Type 2 Total | [ 44% [ 2 ] 28.5 | 47.9 [ 24.96

3.1 Pb3 21% 3 34.8 55.0 18.33

3.2 Pb4 26% 3 40.4 64.7 21.57
3.2.a Pc2,Pc4 4% 3 41.4 64.2 21.40

Type 3 Total 51% 3 38.1 60.6 20.21

4.1 Pa3 2% 4 43.8 67.7 16.91

4.2 Pa4 2% 4 49.3 77.9 19.48

Type 4 Total 5% 4 46.5 72.8 18.19
770 Total 100% 21.76

Table 3.1. Apartment units in model 770

3.4. The quality of life

3.4.1 National statistics

An assessment of the existing built stock in Europe shows the predominance
of buildings built after the Second World War, in most European states. Romania is
in the leading positions, with 45% of the existing built stock built in the period
1961-1980. Approximately 75% of them are residential buildings [18].

The TABULA report [19] made on the basis of data provided by the National
Institute of Statistics in Romania, highlights the existence of three types of
residential buildings: single-family, multi-family and collective housing blocks.
Although they represent only 1.8% of all residential buildings, the blocks housed
more than 39% of the total number of apartments in Romania, at the time of the
1992 Census [20]

A comparative study at the level of Timis County using data from the last 3
censuses (1992, 2002 and 2011) [21] reveals the existence of 131,270 dwellings,
with an average living area of 41.48 m2/dwelling and 17.58 m2/ person. At the
same time, the ratio between collective and individual housing is 71.3% to only
28.7%. In the case of the first ones, over 87% are blocks from large prefabricated
panels.

Among all the built type projects, among the most widespread are the 770
model, taken as a case study in this thesis for a detailed understanding of the
aspects of this fragment of the existing built fund.

The popularity of the 770 project throughout the country is demonstrated by
the typological identification study carried out during the Solar Decathlon Europe
2014 competition, by the UPTIM team, the researcher being a member of it [17].
Using a series of images provided by Google Maps, a survey of the existing built
stock in the apartment blocks of several cities in Romania with the aim of
determining the spread of the 770 model. We resorted to the identification and
marking of the major sections Pa, Pb and Pc starting from the characteristics of the
parts and their dimensions.
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3.4.2 Urban space

Apparently, these prefabricated houses seem to fulfil the desired "living
machines". However, as will be seen below, the abandonment of the "excess from
design and construction" was achieved at the expense of the comfort and quality of
private spaces, as well as of all public spaces of social interaction, representing the
very essence of the vision of the modernists and of the Russian avant-gardes.

Even if the standard of living offered by these buildings at the time of their
construction was superior to the majority of rural households (bathroom in the
house, constant running water, etc.), with the passage of time they could no longer
satisfy contemporary living conditions.

From the very beginning, what was an advantage from the point of view of
the efficiency of the constructive system made of large prefabricated panels, used in
the construction of working-class neighbourhoods (repeatability, mobility and speed
of execution), ends up being relatively weak points today, when it is taken into
account consider the quality of the urban space [17]:

e the repetitive use of the same type projects, throughout the country,
regardless of the context in which they were built, creates a sense of
confusion due to the lack of visual identity;

e the rigidity of the honeycomb cellular structure in allowing subsequent
adaptations of the apartments to people's needs often generates small and
overcrowded living spaces;

e the spaces between the blocks, initially defined as green areas, were
gradually occupied by constructions of garages or cars parked or misused by
some tenants, all being due to a poor management of the public space;

e the degradation over time of the prefabricated buildings, as well as the
repair/refresh interventions at the level of the facades of the non-existent
blocks up to the thermal rehabilitations have generated in people's
perception the image of "grey neighbourhoods".

A comprehensive study, carried out in the light of the phenomenological and
anthropological theories of Christopher Alexander [22], provides a complete analysis
of living in the blocks of the Soarelui neighborhood and identifies the need for
people to compensate for the small size of the apartments with a transposition of
their activity in the public space (extensions of apartments, transformation of
garages into additional rooms, occupation of free space with private gardens).

During the years of industrial development of the country (60'-85'), the
collective housing districts were based on the micro district theory, hierarchical
structural units, in which residential buildings were organized according to the
principles of functional interconditionality with the socio-cultural buildings,
maintaining an appropriate proportion between the built space and the arranged
public space.

The neighbourhood school represented an element of the dimensioning of
the micro district, around which the whole neighbourhood was organized. At that
time, the ability of the residential complexes program to contribute to the economic
development of the country, by raising the standard of living of the people, was
positively appreciated. However, the micro district theory proved inadequate in the
economic context of the 80s, due to the new urban densification policies that
transformed the urban spaces of the neighbourhoods into valid sites for new blocks

[2].
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Looking at the urban development of Timisoara through the prism of the
studies carried out within the Faculty of Architecture [4], 3 stages in the
construction of residential neighbourhoods, characterized by different urban
densities, can be found. If between the years 1962-75 and 1982-89 a densification
of up to 70-80 units/ha was achieved, at the same time the socio-cultural
infrastructure and apartments with large living areas were created, in the period
1975-82 the density level reached 300 units/ha, with small apartments.

Figure 3.7. Residential district development and project type distribution stages in
Timisoara: 1962-1975, 1975-1982, 1982-1989

At the same time, the construction of social spaces is abandoned. The non-
existence of neighbourhood cores and complementary functions, in many cases in
Romania, foreseen in the plans of the micro-districts, but not yet built, prevents the
achievement of community cohesion between the residents of the neighbourhoods.
In extreme cases, these neighbourhoods turn into ghettos, due to perceived poor
living conditions.

Although in the 90s there were initiatives and programs aimed at improving
the quality of the urban space in the neighbourhoods, no significant changes were
identified. Even the thermal rehabilitation projects do not seem to bring anything
extra in favour of public spaces, being focused only on energy consumption aspects.
Moreover, the achievement, in most cases of the rehabilitation of attics, of
additional living spaces, generated an increase in density by adding a new level,
increasing the pressure on the common spaces and the minimal infrastructure used
by the inhabitants.

The different ways in which the attics were made (financed directly by
tenants' associations, without expertise, financed by third parties - real estate
developers or subsidized), the refusal of some tenants to allow the thermal
rehabilitation works, the lack of quality of the works carried out or the very lack of
recommendations regarding the aesthetic criteria of the works (colours, textures,
proportions, materials used) generated exaggerated solutions, which do not
contribute to the improvement of the urban aspect of residential neighbourhoods

3.4.3 Individual touches

In many cases, the lack of interventions on a global scale to improve the
standard of living in the residential neighbourhoods has led the residents to resort to
a series of modifications made individually and independently of the other
roommates, often located at the limit of the legal provisions.
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Figure 3.8. Personal touches and interventions throughout the neighbourhoods

Continuing the analysis of the Soarelui neighbourhood in Timisoara, made
up mainly of residential buildings made of large prefabricated reinforced concrete
panels and built according to project type 770, a series of current changes were
documented, briefly detailed below [17]:
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e enlarging the gaps on the ground floors and creating new accesses, allowing
functional changes of residential apartments, commercial or service spaces;

¢ fenced private gardens: individual layouts in the spaces between blocks and
abusive appropriations of public space (most of them penetrate far into the
public domain, exceeding the 90 cm strip around the block considered
indivisible common property of the tenant association);

e specific works at the level of the facade: many unauthorized, such as the
specific thermal insulation of the external walls next to some apartments,
generating the hygrothermal imbalance of the envelope of the entire
building, or the closing of balconies and the installation of air conditioning
systems in dissonance with the appearance of the facade;

e works to repair the waterproofing or to add coverings on the slope (tiles,
sheets) with the plugging of the existing ventilation shafts;

e cantilever extensions of the apartments, in order to increase the usable area
of the dwellings

The impact of the high rate of owners, residents of the apartments, led to a
whole series of changes in the interior configuration of the homes, often
unauthorized. The consequence of these unauthorized works is the lack of a clear
record of their number and impact on the entire building, many of them being
carried out arbitrarily and in some cases affecting the structural elements of the
building.

As part of the UPTIM team's activity in the Solar Decathlon Europe 2014
competition, an attempt was made to probe these changes, by visiting private
homes and interviewing the owners. However, the small humber of cases in which
we were allowed access to the interior makes the results obtained irrelevant.

However, several types of interventions that appeared periodically during
the 70's, 90's and 2000s will be presented, explained through the prism of lifestyle
changes between these eras. The evolution of the first generations of inhabitants is
followed, along with the coexistence with those that appeared later. The following
conclusions are intuitive and justified from several visits made in residential
apartments in 2013.

e The years 75'-85'. Generation 1. The first tenants. most of them
coming from the countryside, enjoy better conditions than country life.
Centralized heating, running water and hot water replace a substantial effort
that had to be made in the countryside to satisfy a minimum level of
comfort. Gardens appear in front of the block, reminiscent of rural
occupations in the urban environment. Life in the city is easy.

e The years 85'-90'. Generation 1 (+0). The appearance of the children
will bring a new member who comes to take care of the little ones before
the nursery/kindergarten (or during it): the grandparents (in turn from the
countryside who periodically stay with the children). In other cases, the
children are taken to their grandparents to be raised, separating the family
until the age at which schooling begins. As interior changes, only redesign is
frequent. The child's crib appears in the living room. Additional storage
spaces are arranged throughout the house (cupboards). The balcony turns
into a workshop, storage space and plant area. At the level of installations,
towards the end of the period, electric boilers are sometimes installed.

e The 90s-2000s. Generation 1+2. Increasing the share of owners. The
massive sale of apartments, after the revolution, leads to the extremely
high percentage of owners. Pandora's box is opened regarding the

BUPT



56 The existing collective housing stock in Romania. Then and now

demolition of non-bearing walls and interventions on structural elements.
The ground floor apartments are being expanded to accommodate the new
neighbourhood businesses. The child starts school. Thus, the living room
becomes the child's room, acquiring a new function. The child's office
appears either in the living room or on the newly closed balconies, where, at
the same time, toys and books are stored. The corner sofa is extremely
popular as a piece of furniture. PCs appear and washing machines are
purchased. The kitchen becomes open-space - a new living space is defined,
as a result of Hollywood culture - the houses shown in movies with large
kitchens. Apartment heating plants are starting to enter the market.

e The years 2000-2015. Generation 2 (+3). Children at maturity start
their own families, either in new houses and in new residential complexes,
or in the same apartments. In some cases, the first generations, having
reached retirement age, return to the countryside or move to houses in
suburban areas. As for the arrangement of the apartment, advanced
technologies are replacing old equipment - PCs with laptops and cathode-ray
TVs with LED TVs, stoves are replaced by electric stoves. There is an
increase in electricity consumption [17]. The issue of energy consumption
and thermal rehabilitation is under discussion. The apartment's own central
heating systems are currently being installed. Consumerism determines the
increase in the volume of storage spaces. Wardrobes with sliding doors,
fitted between the walls, are in fashion, making use of the enclosed space
along its entire height. Otherwise, the reorganization of spaces in
apartments is done with minimal furniture.

Comparing the changes regarding the functional use of the available space
between these apartments in the 70s and 90s, with current newly built apartments
in Timisoara and with similar examples from Western Europe, the 2000s notes
variations between the different functions, due to changed lifestyles.

The rigid frame of the blocks of large panels generates considerably smaller
spaces of the apartments of the 70s or 90s compared to the contemporary
standards of use, shown by the other examples. It is worth noting the importance
that the bathroom and the terrace/balcony acquire at the expense of the other
spaces. The space for the kitchen is shrinking, a sign of reduced importance given to
cooking.

Erroneous estimates are observed, regulated by the laws specific to housing
[23] the surfaces for certain activities associated with housing, in the conditions of
an overcrowding of apartments, being oversized compared to foreign examples, in
detriment of the living areas.

3.5. The neighbourhood in a deeper perspective

Urban living is treated at length by P. Derer, A.M. Zahariade, M. Opris or
T.O. Georghiu [6][24][25][26]. The present work seeks to treat, however, a specific
problem characteristic of Romanian society, starting from an approach systemic,
integral, and integrated, namely, that of the quality of life in the block districts.
Buildings Performance Institute Europe (BPIE) [14] European statistics show that
the spaces outside the collective housing blocks are almost entirely occupied with
parking spaces or garages. This means that green spaces and places of play are
missing. Starting from Gerrit Scwalbach's "Basic Urban Analysis" [27] the city, in
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our case, the neighbourhood of Soarelui, is defined in three different ways of
perception: of the visible, of the invisible and another rational.

These modes of perception do nothing but increase the palette of knowledge
and deepen the study. The resulting image is one based on careful, precise
observations with a unique character specific to the studied area. Around these
analyses and a contextual map that illustrates in a more way takes shape or less
personal neighbourhood experience. Activities, the connection with the outside, the
centres of interest, the places of collective memory, all show in the way residents
perceive the neighbourhood, but also in the way they act.

3.5.1 The visible city

The visible city is like an urban x-ray showing human activity concentrated
in active nuclei. This x-ray is contoured around dominants that may differ in
function: the school, the dispensary, the church, the park, the square or the
mundane street corner. Regarding the Soarelui district, visible city analysis helps to
determine the location of the dominants of the neighbourhood. Secondary school
no. 30, the square, the park, and the Customs building. Apart from these, the
analysis showed that a corner of the square between blocks is also an important
meeting point for residents. The image result is particularly reflected in the attitude
of the inhabitants towards the public place and its importance. Even a mundane
block entry changes its function.

In terms of architectural style, the predominant type is 770 blocks, with
subtypes Pa, Pb, and PC, all built between 1982 and 1985. Their facades were
designed from a combination of materials: decorative brick applied to a wide section
of wall or arranged in frames, along with simple painted walls and with metal
parapet on balconies (the oldest version) or with parapet made of concrete, with
decorative plaster with sand and gravel, or with glass panels. The area presents a
series of degradations at the neighbourhood level but also at individual buildings.
The chaotic city and the complete non-realisation of projects led to problems that
include abandoned spaces, unfinished or unfinished buildings, rust on the frame
balconies, black spots caused by thermal bridges formed between the joints
between prefabricated panels, or large areas with missing decorative bricks. The
school area has in the vicinity most functions as well as most shops can be found
here. Traffic is heavy on the main arteries that define the area, while within the
neighbourhood the roads are very narrow and poorly lit. Parking is available in the
inner courtyards of the block squares, which suffocates the existing green space,
and on one side of the roads. Parking vehicles also appear in the grass of the
premises or on alleys.

The most "lively" areas, where people usually gather, are on the street, in
front of the school, where most of the shops are, in the parking lot in the area, or in
the nearby park. The neighbourhood market, on the other hand, is constantly
empty, with only a few traders choosing to sell their products here. The market
problem is the location, because recently she was moved to an inner courtyard of a
square, being isolated from the main route. Children play in the park, on the street,
in front of the school and in the courtyards of the blocks, near the garages, in the
places where the mothers can supervise them.
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3.5.2 The invisible city

The invisible city is determined by the multitude of spaces with a ritual role
that is constantly taking place since the population of the neighbourhood. These
places are important for collective consciousness, as they fulfil the basic functions of
the community and create personal characters. The quality of space is extremely
important in defining the invisible city.

Positive sites were identified as "personal spaces". These are green areas,
surrounded by fences, where residents have mounted swings and other
improvisations for play. They denote the existence of a mentality remaining from
the rural life of the great majority of the inhabitants from which they come. How the
space between the blocks is a common one and maintenance should be done by
community, often they are taken care of by the tenants on the ground floor, who,
by they also made extensions with a separate entrance directly into the apartments
In addition to these positive places, there are also others with potential (for
example: the square, the inner courtyards of the blocks with the parking spaces)
and, as they exist, also negative places (for example, abandoned areas). There are
also spaces residual, such as those between garages, but those too are
transformed, being places only good for old games.
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Figure 3.9. Personal space

Residents focus on adapting their private space on their own and the non-
existent urban life, which caused the transformation of the old uniform space in
veritable vertical villages. Moreover, the stairs are another place where it is very
easy to see the need for more space for tenants.

Hidden from people outside the block, the staircase is actually a space
personalised, in which there are flowerpots, dried bouquets, pictures or icons
religious, placed in front of each apartment door.
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3.5.3 The rational city

The description of a rational city starts from the infrastructure, defining
accessibility in the studied area, but also its connections with the environment that
surrounds it.

Therefore, there are three public transport routes in the neighbourhood with
a total number of five buses stations, of which only one is also a transfer station.
Since all these routes are located on Bulevardul Sudului, they are an advantage for
the west part of the neighbourhood. The access to the Soarelui neighbourhood is
through one of the two main perimeter roads (Bulevardul Sudului or Bulevardul
Maresal Constantin presence). From there, the inner streets leading to the blocks
can be accessed and they are very narrow.

3.5.4 Apartment extensions

Access to the square of the blocks can be done either through the space
between the buildings, according to their configuration or through the free space
resulting from constructions abandoned from the site. When it comes to the block
itself, tenants on the ground floor have expanded rooms or kitchens. From the
entire studied area, it follows that 28% of the residents from the ground floor
developed extensions. In the case of the Pa subtype of blocks, only 17.5% of them
have this type of intervention. The study recorded 66% extensions towards the
square inside, while towards the street the expansions are up to 34%.
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Figure 3.10. Apartment extensions in the district

3.5.5 Building and apartment orientation

There are two types of block orientation: N-S and E-W. Due to the fact that
blocks PA1 have apartments which are double oriented with rooms facing both N
and S, the living space in each apartment is positioned on one side (either toward N
or to the S), while the night area is on the opposite side. From Figure 3.13 we can
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observe the actual distribution of the blocks, relative to the two major axes: the axis
N-S and E-W. The resulting ratio of 60% orientated N-S and 40% E-W comes to
strengthen the idea that the distribution of buildings on the site was not done
according to the requirements architectural orientation of living spaces to obtain
natural lighting correct, but rather, from a spatial consideration influenced by access
conditions, by the planimetry of the plots or the distribution of the sortotypes.

3.5.6 Landscape assessment

Although the reminiscence of rural life is still present in psychology
residents, we have analysed the landscape quality of urban spaces. This analysis led
to the creation of possible solutions for further improvement of the existing
premises. After visiting the housing blocks and analysing the surrounding green
spaces,

I was able to draw a set of conclusions. They were taken into account when
formulating them how these spaces are used and maintained by the local
community and also the general aesthetics of the area. Cardinal points, the whole
project of traffic, pedestrian and car, shaded spaces, and sources of noise pollution
were all considered for this study.

In the second stage, the flora, species and distribution of plants in the green
spaces between the blocks. The importance was also noted that the locals attribute
to these plants. The conclusion of the local green cadastre is the fact that every
square metre of land is currently exploited. Also, the changes that could be made to
improve the site resulted (explanations and details are presented below). One
solution to free up the land would be to move the current parking spaces from the
surface to the underground. Through this, the site can undergo a series of positive
changes, such as:

e The possibility that the land between the blocks (which is currently used for
parking) is used as a green space by the riverside population;

e improving the general quality of life from an aesthetic, ecological, and social
point of view;

increasing the number of parking spaces;

e increasing the area of green spaces.

The possibilities of improving the transitional spaces, of the alleys between
the buildings towards the socialising areas and solutions for arrangement were
proposed. Solutions for the collection and accumulation of water, as well as the
contribution of rainwater to the maintenance of green spaces.

The local flora will be maintained and enriched by adding several plant
species indigenous, which are resistant and do not require demanding maintenance.
I propose that the roofs of the blocks be transformed into designed green spaces
combining several strategies such as the use of photovoltaic panels, promoting
urban agriculture and designing spaces for socialisation and recreation on the roofs.
They will be located in such a way that they co-exist and do not affect each other. A
more detailed view of this strategy involves:

e how the spaces mentioned above can be used in unfavourable weather
conditions;
e how open spaces with vegetation can be combined with urban agriculture;
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e how can plants intended for consumption be combined with ornamental ones
for creating the most pleasant atmosphere?

3.6. Example of good practice. Project RETROFIX by
UpTIM

Most of the common spaces in the neighbourhoods are occupied by cars,
which denies the development of community facilities, while, at the same time, the
unused terraced roofs of the blocks of flats remain unexploited. The project implies
add-on structures, which house the community spaces on top of the blocks.
Connections between these generate a public rooftop promenade, a new and at-
tractive city skyline! A reconfigured staircase will provide barrier-free access, both
to the inhabitants and potential visitors [17].

The standard typology of the existing apartments does not satisfy the needs
of the Romanian contemporary society. At the same time, the vast population living
in these buildings determined us to define the interior configuration of the
apartments based on the specific lifestyles of three end user profiles: tenants,
single-child families and retired couples. Additional space is made possible through
independent plug-in extensions that each individual can buy as an end product [17]

[2][8].

Figure 3.11. Aerial renderlng of RETROFIX project

A passive house standard retrofitting and an improvement of the daylight
conditions lead to a consistent energy reduction. Furthermore, solar and other
renewable energy systems cover part of the remaining energy yield [17].

The heating was improved by reusing the District Heating System along with
solar heating for domestic water. Radiant floors ensure the comfort conditions inside
the apartments as well as a reduction in fuel consumption and operating price [17].

Hybrid ventilation system that mechanically provides fresh air is also
responsible for free cooling during the intermediate seasons by activating the
thermal inertia of the structural concrete walls. Additionally, passive adiabatic
cooling provides a new feature the current blocks of flats do not have. Furthermore,
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reusing and treating the rainwater as domestic water, reduces the water
consumption by 20% [17].

The top extension roofs are a support for hybrid thermal and photovoltaic
panels. A distributed photovoltaic powerplant generates electrical energy, covering
the common facilities energy yield, while the surplus is being introduced into the
local electricity grid [17].

Because the main idea is based on “the kit of parts” quality, the types and
sizes of the windows vary depending on the kit characteristics. The type of exten-
sion defines the type of window, which provides enough light for the interior spaces.
The project aims to improve residents’ comfort by controlling the quality of the air in
interior spaces. For example, there will be movement in each apartment as well as
heat storage in walls. In addition, the microclimate around the buildings will be
improved through bioclimatic design of the exterior spaces and of the build
environment. The extensions work in different ways depending on the season.
Having mobile openings, it can be quickly transformed from a closed green house to
an interior alcove, a loggia or even a completely open balcony [17].

Figure 3.12. Axonometric view of RETROFIX project

The cubicles vary also due to different orientations the existing block might
have. Situated on the southern fagade, it becomes a passive solar system and a
support for the active technologies that can also drop shades. The eastern and
western extensions have vertical shading systems, while a northern cubicle becomes
a buffer zone preventing heat loss [17].
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The retro-house (the top extension) performs as the social hub of the
project. Based on the “cloud village” concept, it generates a network of gathering
points for the social environment. With three sides entirely out of glass, the house
offers panoramic views towards the surrounding neighbourhood and a better
interaction with the outside environment [17].

To prevent heat loss and to ensure complete airtightness highly efficient
glass panels was used consisting of three layers facing the south and two layers
against east and west with hardwood framework and metal joints [17].
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Figure 3.13. RETROFIX operation system diagrams
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4. TEST MODEL AND APPLIED RESULTS

4.1. General Project Description

The building sector focuses on surpassing challenges related to energy
efficiency and lowering or reduction of greenhouse gas emissions; therefore, it
needs to improve building performance to decrease the impact on the
environment[51]. Buildings with reduced long-term operating cost, environmentally
friendly and moderate construction costs can be reached only by multi-object
optimisation and cross-disciplinary analysis, embodying a holistic approach.
According to the principles of a holistic sustainable design approach, the research
model presents a sustainable experimental modular laboratory that involves various
strategies concerning sustainable building, such as resource, cost and material
efficiency, health and well-being, environmentally conscious design, life cycle
design, modular design, reusable/recyclable element, environmentally friendly
demolition method, safety design, consideration of life cycle cost, materials cost and
waste disposal cost [52]. In addition to installing renewable energy sources and the
conservation of energy, the holistic construction of the laboratory also included an
integrated design with consideration towards technology, operation, and
maintenance, which involved implementing a monitored energy management
system. The system provides an accurate overview of performance during
operational phase.

Figure 4.1. CIA_CLIM testing model
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The main objective of the project is the energy efficiency of new and
existing buildings. The project has four components with two main research
directions: (1) intelligent facade use, with low heat transfer that actively contributes
to increasing indoor comfort, with passive control passive energy through the use of
solar energy; (2) intelligent energy efficiency through automated systems and
energy collectors. The resulting system, the intelligent building, is designed to
minimise the energy required for maintenance.

The first project aims to determine the mechanical properties of cellular
materials used as thermal insulation in smart facades, through mechanical tests of
compression, bending, and toughness of cellular materials. The objectives pursued
within the project are as follows:

e Determination of the mechanical properties of cellular materials
(polystyrene, polyurethane foams, etc.) used as insulation of smart facades,
through mechanical compression tests, bending, etc.

e Determination of the fracture toughness of cellular materials used in smart
facades.

e The study of the behaviour of cellular materials under the action of dynamic
stresses (shock behaviour, respectively to fatigue).

e Determining the response to mechanical stress of sandwich structures with a
material core cell-phone. Construction of failure diagrams of sandwich-type
structures.

e Experimental identification of the failure mechanisms of cellular materials
and structures sandwich using the digital image correlation method and the
thermography method.

e Determination of micromechanical material models to predict the mechanical
properties of cellular materials.

e Calibration of material models for the numerical simulation of the behaviour
of typical structures sandwich.

The second project aims to obtain, characterise, and test some materials
with superior properties used in smart facades such as: heat insulating materials
(glass cellular obtained from waste glass) and support for layers of materials with
special properties (composite materials with natural and synthetic fibres with high
mechanical resistance, flame retardant character, a good thermal insulation,
resistance to freeze/thaw cycles, and exposure to solar radiation), materials with
properties photocatalytic used for the degradation of pollutant compounds from the
ambient air, and absorbent materials reduced/reflexion of UV-VIS-IR radiation.

The third project has as its main objective the theoretical and experimental
study, of the implementation of the distribution of electricity in a smart direct
current grid, with the integration of some source, with completion on an
experimental platform. The objectives pursued in the framework project are as
follows:

e Study on the requirements, performances, and technical particularities
necessary for implementation of direct current electricity distribution for a
neighbourhood microgrid.

e Realization of sub-system models of generation, conversion, storage and
micro-grid tasks considered.

e Design and building a neighbourhood-type microgrid model with current
energy distribution continuously.
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e Implementation and testing of an experimental neighbourhood-type
microgrid model with direct current energy distribution.

As a member of the design team for the fourth project this part accumulates
brings the prior tree together through a mobile modular laboratory named
EXPERIMENTARIUM. The project will carry out a global study of the influence of
facades and energy input on the interior comfort in the building, through the
analysis of different facade systems and, respectively, the realisation of a smart-grid
type system. The results focus on the optimization of indoor comfort conditions:
temperature, humidity, indoor air quality as well as the efficiency of energy
consumption. The smart grid system will achieve the efficiency of internal electricity
users (ventilation, cooling, etc.) and storage energy.

4.2. Design Phases

The development of the project has been carried out in four design
phases[53]. The main objectives of the first phase are:

e The architectural optimization of the EXPERIMENTARIUM mobile modular
laboratory, through the ideal orientation to the cardinal points and finding
the optimal roof pitches to maximize the energy input given by the
photovoltaic panels;

e design of the resistance structure for the EXPERIMENTARIUM mobile
modular laboratory. The structural solution was chosen in frames made of
elements made of light cold-formed profiles. The solution presents multiple
advantages, including rapid and easy assembly, without the need for heavy
machinery. In addition, the system transmits reduced loads to the
foundations and the ground;

e The design of the infrastructure was carried out through innovative
foundation systems, on prefabricated foundations in the shape of a pyramid
trunk, inserted into the soil by vibropressing. Within the stage, they were
carried out and soil research through geotechnical studies;

e studies on facade systems. They were considered solar absorbing systems,
on which they performed optimization studies based on finite element
analyses for integration into the experimental model; numerical models to
optimise the existing experimental prototype of the solar facade (collector
solar) to be validated with the existing prototype. An elementary model was
created for analysis of air flow through the collector perforations. The model
made allows the subsequent study to carry out the parametric studies
necessary to optimise the perforated solar collector, for integration later in
the experimental model;

e the integration of measurement sensors for temperatures, humidity, and
CO2 concentration, as part component of the monitoring system (SCADA)
and the development of related software elements for data acquisition,
including energy conversion;

e testing the monitoring system;

4.2.1 The first design phase

In stage 1/2018, the light demountable metal structure project was carried
out (experimental laboratory) which was located in the courtyard of the Research
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Institute for Renewable Energies. Laboratory experimental, with plan dimensions of
5x5m and height regime P+1E, is designed in the form of a compact volume. The
structure was made of cold-formed thin-walled steel profiles. For the creation of the
prefabricated foundation foundations, the system with quick assembly was chosen.
A sun study has been carried out to determine the best placement of the module
within the Institute of Renewable Energies courtyard. Three possible locations have
been identified which are presented below. Out of the three, position 1 has been
chosen as being ideal.

Figure 4.3. Simulations with the module in positionl
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In this phase, the types of facades existing on the economic market were
analysed, for which they were carried out thermal transfer analyses, including phase
change analyses, attenuation calculation amplitudes and temperature amplitude
ratio. The study was completed by calculating the balance energy, calculated for the
model building, considering the various facades analysed [54]. The systems are
presented below in Table 4.1 in function of their stratification and thicknesses, the
resultant thermal resistance (R) or the U value (R = 1/ U)[6].

Facade system Layer configuration d R u
(inside — outside) [mm] | [m2K/W] |[W/(m2K)]
1. Steel profiles C120 - support 120
2. Inner Hot-dip galvanized steel 0.6
Mineral wool 1 shee_t
(MW1) 3. Mineral wool i 232 5.943 0.168
4. Polyurethane adhesive -
5. Outer Hot-dip galvanized steel
0.6
sheet
1. Steel profiles C120 - support
2. Internal steel sheet - G, g, s,
v, v2, m2 - profile (galvanized 0.5
Mineral wool 2 and painted)
(MW2) 3. Mineral wool 240 6.193 0.161
4. External steel sheet - G I =i
(smooth) - profile (galvanized 0.7 <5077 150,550 250 3 80 4
and painted) T i o
1. Steel profiles C120 - support 120 » T
2. Profile of the inner ribbed steel 0.5 ¥ 1y
. . |
PIR insulation 1 ;hi?tRme”,et. PE ||
(PIR1) . insulation 5.850 0.171 I‘ ‘
4. Quter ribbed steel sheet profile 0.6 |
1. Steel profiles C120 - support ]
2. Inner precoated steel sheet 0.5 s
PIR insulation 2 3. PIR insulation 140
(PIR2) 6.001 0.167
4. Outer precoated steel sheet 0.6 —

% 100 1% 200 260 Tsl

woew ubskus de

Table 4.1. Facade layer configurations.

All proposed systems are sandwich panels, easily adapted to a steel
structure made of thin-walled cold-formed structural members. The choice of such

integrated

characteristics both in the fabrication and in End-Of Life (EOL) stages:

system modularity;
adaptability to different building systems;
Prefabrication of both structure and envelope systems;
rapid building erection;
ease of dismantling and selection of wastes in EOL;
reuse and recycling of materials.

systems contributes to modern buildings based on sustainable

Thus, the system allows for the total dismantling of original components

with different EOL scenarios: while structural steel elements could be easily recycled

and even reused, the final scenario for envelope systems is more complex, as steel
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sheeting and. As a consequence, the further study is focused on the performance
analysis of heat transfer and the environmental impact of the envelope systems.

The heat protection of a room is influenced by several factors, but

essentially by the direct solar radiation through windows and the total amount of
heat storage capacity of the elements. Other factors involved in the energy balance
proved to be important, such as:

phase shift: the time after which the peak afternoon temperature reaches
the interior side of the component;

amplitude attenuation: the attenuation of the temperature wave when
passing through the facade system: a value of 10 implies that the
temperature on the outside varies 10x stronger than on the inside, e.g.
outside 15-35 °C, inside 24-26°C;

temperature amplitude ratio (TAV): the reciprocal of the amplitude
attenuation.

As mentioned above the building model used for simulations is a base unit

of 5x5m, representing a two-floor open space, with a pitched roof on the second
floor that benefits and uses the sun for both natural light and PV panels. The south
facade is a glass curtain that offers lightning on the first floor but is shaded by
external photovoltaic lamellae. The angle and the orientation of the pitched tip allow
the disposition of the solar PV panels on the roof.

Figure 4.4. Building model used for simulation - 3D view
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227

Figure 4.5. Building model used for simulation — Top: plan and cross-section,
Bottom: test model facades

At the time of evaluation, the thermal analysis was carried out using an
online U-value calculator (Ubakus) [55] and the Graphisoft Archicad 21 energy
evaluator add-on [56]. For the simulations the following data have been considered
and applied on a base model located in the city of Timisoara, Romania:

Inside temperature: 20 °C and 40% humidity;
Outside temperature -5°C and 60% humidity;
Gross Floor Area: 30.37 m2;

Treated Floor Area: 24.60 m2;

External Envelope Area: 120.93 m2;
Ventilated Volume: 124.44 m3;

Glazing Ratio: 6%.

In the case of MW1 - Fig. 4.6, the simulation proves that the thermal
protection is U=0,168 W/m2K. Furthermore, the heat storage capacity of the
element is 47 kJ/ m2K with the thermal capacity of the inner layers at 19,7 kJ/ m2K
and the overall thermal resistance of 5,943 m2K/W. This value is more than three
times greater than the current values according to current Romanian norms. Phase
shift is achieved after 6,7 hours with an amplitude attenuation of 7,9 and TAV 0,126
[6].

BUPT



Test model and applied results 73
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Figure 4.6. Component temperature profile (dark - temperature at 3pm, 11am and
7am; light - temperature at 7pm, 11pm and 3am). Component phase shift (red-
outside temperature; blue - inside temperature)

The second analysed system MW2 (Fig. 4.7) proves after the simulation a
thermal protection U=0,161 W/m2K. The element heat storage capacity is 47 kJ/
m2K with the thermal capacity at 19,8 kJ/ m2K and the overall thermal resistance is
6,193 m2K/W. The phase change is achieved after 6,7 hours with an amplitude
attenuation of 8,3 and a TAV of 0,12 [6].
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Figure 4.7. Component temperature profile (dark, temperature at 3pm, 11am and
7am; light, temperature at 7pm, 11pm and 3am). Component phase shift (red,
outside temperature; blue - inside temperature)

For the PIR1 system (Fig. 4.8), thermal protection is U=0,171 W/m2K. The
heat storage capacity of the element is 46 kJ/ m2K with the thermal capacity of the
inner layers at 21 kJ/ m2K and the overall thermal resistance is 5,850 m2K/W.
Phase shift is achieved after 6,8 hours with an amplitude attenuation of 8,2 and TAV
0,122. The advantage of using PIR core insulation is the overall reduced thickness of
the component [6].
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Figure 4.8. Component temperature profile (dark - temperature at 3pm, 11am and
7am; light - temperature at 7pm, 11pm and 3am). Component phase shift (red-
outside temperature; blue - inside temperature)

The PIR2 system (Fig 4.9), has a protection capacity U=0,167 W/m2K. The
heat storage capacity of the element is 46 kJ/ m2K with the thermal capacity of the
inner layers at 21 kJ/ m2K and the overall thermal resistance is 6,001 mz2K/W.
Phase shift is achieved after 7,2 hours with and amplitude attenuation of 8,5 and
TAV 0,117 [6]
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Figure 4.9. Component temperature profile (dark - temperature at 3pm, 11am and
7am; light - temperature at 7pm, 11pm and 3am). Component phase shift (red-
outside temperature; blue - inside temperature)

In order to basic evaluate the energy balance of the four systems the
following operation profiles have been introduced:
human heat gain: 70W per user;
service hot-water load: 60Il/day per user;
humidity load: 2g/day per user;
usage rate: 6264hours/year;
lighting: LEDs;
heating: 1500W nominal capacity electric space heater. Service hot water
heating included Control type: temperature controlled with indoor sensors.
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The energy-balance results are presented below in Table 4.2. The graphs
(Figures 4.10-4.13) show the amount of energy the building emits (bottom part), as
well as the energy supplied energy: the amount of energy it absorbs from the
environment and its own internal heat sources (top part), by month (in this case) or
week, depending on user preferences.
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Figure 4.10. MW 1 energy graph (147,34 kWh/m?2a)
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Figure 4.11. MW 2 energy graph (146,21 kWh/m2a)
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Figure 4.12. PIR 1 energy graph (151,34 kWh/m2a)
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Figure 4.13. PIR 2 energy graph (148,70 kWh/m?2a)

According to the energy balance equation, the energy and Supplied energy
bars must be equal every month. The vertical axis of the chart shows an energy
scale. Along the horizontal axis, the twelve months of the year are shown.

In a general overview, the supplied energy relies on heating (more than
50% of total amounts), solar gain and hot-water preparation. Other input energies
are less than 7% of the total amount. The energy emitted from the building is based
mainly in transmission - 30%, ventilation - 45%, and sewage systems - 10%.
These percentages indicate also the ways by which the energy balance could be
optimised. In this view, heat ventilation regulators or energy sewage recovery
systems can lower the overall energy balance, leading to smaller amounts of input
energy.

It can be observed that MW2 has the lowest net heating energy balance,
needing 3597 kWh/a (annually) for space heating compared to the highest, PIR2
with 3658,2 kWh/a. In addition, the mineral wool cores (MW1 and MW2) are more
airtight than PIR, allowing less infiltrations and heat transmissions between the
inside then the outside environments.

Facade Overall Lowest net Heat Thermal Phase Amplitude TAV
System thermal heating storage capacity of shift attenuation
resistance energy capacity inner layers [hours]
[m2K/W] balance [kl/ m2K] [kl/ m2K]
[kWh/a]
MW 1 5,943 3624,8 47 19,7 6,7 7,9 0,126
MW 2 6,193 3597 47 19,8 6,7 8,3 0,120
PIR 1 5,850 3723,2 46 21 6,8 8,2 0,122
PIR 2 6,001 3658,2 46 21 7,2 8,5 0,117

Table 4.2. Fagade system performance

Table 4.2 presents the performances of the fagade systems. The conclusion
of the study is that all the parameters have similar values, the variation being of 5-
6% among the studied cases. The MW2 solution having the highest thermal
resistance (smallest U value) also results in having the net heating energy balance
and the lowest TAV value. On the contrary, the highest amplitude attenuation and
thermal capacity of inner layers are obtained for the PIR2 solution.

An environmental impact analysis was carried out through the Life Cycle
Approach of facade systems (LCA), taking into account all the stages a product goes
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through until it reaches the end of its life cycle (starting with the extraction of raw
materials, production, commissioning and reaching disassembly, waste processing
and disposal after dismantling/demolition of the building) [6].

The LCA analysis for the facade systems was performed using the SimaPro
[57] software program (8) starting from certain boundary conditions such as
identical thermal insulation materials or with identical properties:

e Indoor temperature: 20 °C with 40% humidity

e Envelope systems are made of sandwich panels with the same transmittance
value of 0.17 W / m2K;

e energy used during the construction process (for example, the energy from
the fuel consumption of machines and technological equipment) is excluded
from the calculation;

e the energy consumption due to the transport of sandwich panels (from the
manufacturer to the construction site) and their installation on the structure
are also excluded from the calculation;

e the calculation of long-term emissions is considered.

The Life Cycle scenario includes as input the same component materials and
the same quantities used for in the heat transfer analysis [6]. The data related to
the End of Life Cycle phase, representing the scenario for recycling, reuse and
disposal of waste at the end of the building's life cycle, were evaluated according to
the current conditions in Romania for the disposal of closing materials for structures
[6]. Table 4.3 shows the components of each facade solution analysed, as well as
the related quantities and the scenario of removing each component layer from the
sandwich panels.

) . Surfac
Fagade system Layer conflgurgtlon e d Kg/sqgm | kg EOL
(inside - outside) [mm]
[sqm]
1. Steel profiles C120 - support 137,34 120 100% Recycling
. 2. Inner Hot-dip galvanized steel sheet 85,41 0.6 90% Recycle / 10% Waste
Mme;glgvggl/slq'(.:;\/vl_ 3. Mineral wool 85,41 232 5.943 0.168 70% Recycle / 30% Waste
! 4. Polyurethane adhesive 85,41 - 100% Waste
5. Outer Hot-dip galvanized steel sheet 85,41 0.6 90% Recycle / 10% Waste
1. Steel profiles C120 - support 100% Recycling
2. Internal steel sheet - G, g, s, v, v2, 85,41 0.5 90% Recycle / 10% Waste
Mineral wool 2 (MW2- [m2 - profile (galvanized and painted) . 6.193 |o0.161
32,8 kg/sqm) 3. Mineral wool 85,41 240 : : 70% Recycle / 30% Waste
4. External steel sheet - G (smooth) - 85,41 0.7 90% Recycle / 10% Waste
profile (galvanized and painted) :
1. Steel profiles C120 - support 120 100% Recycling
. . 2. Profile of the inner ribbed steel sheet 85,41 90% Recycle / 10% Waste
PIR insulation 1 (PIR1- |2 7" 05 | oo loun o Recycle / 10%
15,5 kg/sqm) 3. PIR insulation 85,41 125 90% Recycle / 10% Waste
4. Outer ribbed steel sheet profile 85,41 0.6 90% Recycle / 10% Waste
1. Steel profiles C120 - support 100% Recycling
PIR insulation 2 (PIR2- |2. Inner precoated steel sheet 85,41 0.5 6001 |o0.167 90% Recycle / 10% Waste
15,17 kg/sqm) 3. PIR insulation 85,41 140 ’ ' 90% Recycle / 10% Waste
4. Outer precoated steel sheet 85,41 0.6 90% Recycle / 10% Waste

Table 4.3. End-of-Life scenarios of envelope systems[6]

The impact on the environment is expressed by eco-points, defined by the
method for LCA, Eco-indicator 99 [58] and presented in Tables 4.5 and 4.6.
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Environmental impact in Damage category

Facade system production stage[eco points]| Human Health Ecosystem Resources

Mineral wool 1 (MW1- 232 72.3 25.47 134.15
23,8 kg/sgm)

Mineral wool 2 (MW2- 203 62.94 19.79 120.38
32,8 kg/sqm)

PIR insulation 1 (PIR1- 231 45.52 16.02 169.52
15,5 kg/sqm)

PIR insulation 2 (PIR2- 212 41.46 12.09 158.76
15,17 kg/sqm)

Table 4.5. Production stage - Environmental impact[6]

Environmental impact in EOL Damage category
F .
2gade system [eco points] Human Health Ecosystem Resources
Mineral wool 1 (MW1- )32 72.3 25.47 134.15
23,8 kg/sqm)
Mineral wool 2 (MW2- 203 62.94 19.79 120.38
32,8 kg/sqm)
PIR insulation 1 (PIR1- 31 45.52 16.02 169.52
15,5 kg/sqm)
PIR insulation 2 (PIR2- 12 41.46 12.09 158.76
15,17 kg/sqm)

Table 4.6. EOL stage - Environmental impact[6]

The results demonstrate that, as a whole, all four facade systems have
similar scores, in both production as well as EOL stages. However, the facade
system with the lowest environmental impact is different for the production phase
and for the end of the life cycle of the analyzed solutions, due to the reuse and
energy recovery of the component materials of the systems. It can be seen that for
the production phase the solution with the minimum eco-points is the MW 2
solution, followed by the PIR 2 solution. The results recorded[6] following the
analysis of the facade systems throughout their lifetime, also taking into account the
End of Life Cycle, shows that the PIR 2 solution is ranked last in terms of
environmental impact, having the most significant environmental impact among all
four facade systems analyzed. However, the MW 2 solution (based on a mineral
wool thermal insulation) remained the solution that added up the minimum eco-
points also following the LCA analysis, thus proving that it is the facade system that
has the lowest impact on the environment, in relation to the other analyzed
solutions, from the production phase to the End of Life Cycle[6].

Regarding the impact category, all four solutions, both in the production
stage and in the end-of-life stage, have a higher impact on natural resources, which
translates into the high level of manufacturing of the component products by using
energy.

4.2.2 The second design phase

During this phase three main targets were set:
e construction of the modular laboratory, by realising the execution project a
metal structure, contracting an execution company, and making the
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resistance structure. On the other hand, during 2019, the Urban Planning
Certificate was obtained for the building construction and the approvals of
various public entities, requested by the Urban Planning Certificate;

e Design of facade systems with solar collectors. The studies focused on the
construction and most efficient operation of glazed solar collectors with
perforated absorbent plate, to integrate them into the facades of the
buildings. Based on the results obtained (both experimental and numerical),
it is possible to recommend the construction of a prototype of a glazed solar
collector with a plate perforated absorbent (basically determining the main
parameters) that can be tested in the conditions actual operation by
integrating it into the facades of the buildings. The proposed configuration
follows the integration of phase-change materials in solar collector
construction for growth its performances;

e Experimental tests on fast foundations. Based on a geotechnical study
carried out in phase 1 of the project, the study included three characteristic
geotechnical tests, one of which was a test experimental with the modulus
of plate, to determine the deformation of the land from site and two
experimental tests on truncated pyramid foundations that allowed
evaluation of the bearing capacity and settlements of this type of
foundation. Studies of parametric numerical simulations.

4.2.2.1 Construction. PET insulation and starting simulations

During 2019 (stage II) and partially 2020 (stage III), the installation of the
module was carried out. The slope of the roof on the southern facade is set at 42
degrees, to optimise the performance offered by the mount of the photovoltaic
panel system. The structural elements allow the assembly of several types of facade
walls. The facade system for the CIA-CLIM project study was chosen and consists of
a sandwich system with fibre wool insulation obtained from PET plastic bottles. In
the south fagade, a curtain window with the dimensions of 3.30x2.80m, triple layer
(Ug=0.6 W/m2K) is installed which provides interior lighting of the space and
passive heating of the space during the day.

Figure 4.14. Steel structure assembly
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PET insulation

Thermal insulation materials are catalogued in numerous forms in literature,
but mainly in two groups: inorganic and organic, in agreement with the origin of the
raw materials from which they are created. Each of the two groups is split into
natural and synthetic insulation materials, depending on the production process. In
addition, other composite products and new technology materials are in lasting
improvement and progress [59][54].

Recently, the environmental perspective of thermal insulation products is
considered, and the use of secondary raw materials is increasingly in the spotlight.
Thermal insulation wadding produced with polyester fibers made from the recycling
of post-consumer PET bottles is one such insulation material developed in the last
decade [60].

The manufacture of polyester fibers begins with recycling post-consumer
PET bottles from differentiated waste collection. After washing, grounded to flakes,
these are used in fibre production [8]. Next, the layers of raw material for thermal
insulation wadding are obtained by guiding the polyester fibers mechanically in the
same direction. Eventually, the thermal insulation wadding is obtained by
overlapping and thermal bonding (ca. 180°C) two or more layers of raw material
wadding with the desired density and thickness [61].

y

Figure 4.15. PET insulation boards

Thickness Density Thermal Therma
[mm] [kg/m3] conductivity resistance
A [W/mk] R [m2K/W]

15 15 0.058 0.638

20 30 0.052 0.383

37 55 0.046 0.323

Table 4.7. Performance of PET insulation [61]
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Further simulations have been carried out for the same model in order to
test different PET insulation thickness behaviour[52] compared to a standard
mineral wool solution. The goal was to reach similar thermal results considering the
two different material qualities. These are shown below in Table 4.8 and 4.9.

Component d R U
[mm] [m2K/W] | [m2K/W]
Walls vl - MW100 | 100 2.65 0.38
Walls v2 - PET120 | 120 2.00 0.50
Walls v3 - PET150 | 150 2.93 0.34
Bottom slab 296 4.84 0.21
Middle slab 248 3.22 0.31
Roof 200 5.19 0.19
Openings - 1.38 0.72
Table 4.8. Facade system input [52]
Facade Glazing | Lighting Solar Heating | Cooling On-site
system ratio and gain [kWh/a] | [kWh/a] | energy PV
[%] equipment | [kWh/a] energy
[kWh/a] generation
[kWh]
MW100 6 694.6 2275 894.5 1571.4 1269
MW100 8 694.6 2797 792 1839.6 1269
MW100 10 694.6 3528 662.8 2230.4 1269
PET120 6 694.6 2275 1095.5 1566.3 1269
PET120 8 694.6 2797 982 1815 1269
PET120 10 694.6 3528 841 2184 1269
PET150 6 694.6 2275 841.3 1574.1 1269
PET150 8 694.6 2797 741.6 1847.6 1269
PET150 10 694.6 3528 616 2244.6 1269
Table 4.9. Facade system results with different glazing ratio [52]
Material | Thickness Net U Thermal
[mm] weight [W/m2K] resistance
[kg/sqm] R [M2K/W]
MW 100 100 9 0.4 2.5
PET 150 150 3597 0.36 2.77

Table 4.10. Mineral wool vs PET technical performance [52]

Figure 4.16 shows the greenhouse gas (GHG) emissions for each thermal

insulation per 1 kg of material produced. ‘Production stage’ assessment refers to
stages Al (extraction of raw materials), A2 (raw materials transport to the
manufacturer), and A3 (production of thermal insulation), being run on GaBi Product
Sustainability Software [62], using Environmental Product Declarations (EPD’s) [63]
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and Technical Approval for Wadding Mattresses for Thermal and Phonic Insulation

[61].
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Figure 4.16. Environmental impact: left — potential impact of thermal insulation
materials in the production stage; right - total impact of insulation materials in

production stage
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Figure 4.17. Life cycle impacts (stages A-C) / m2 [t CO2 e / m2]
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4.2.2.2 Construction and final details of the building envelope

Figure 4.18. Steel structure / roof component assembly
The roof structure

The roof structure is formed out of 25 cm light-weight steel profiles. In
between there are four layers of 5cm PET insulation boards, 20cm total. Towards
the outside the roof if closed with 10cm SW panels that offer support for the PV
installation on the roof. Towards inside a roofing membrane is placed and closed
with a double layer of OSB3 boards. A double OSB board layer is sufficient to act as
a vapour barrier under normal conditions. Because of the direct contact to the steel
profiles, however, there is a risk of condensation forming on the inner side of the
SW panel. The phenomenon is minimal, however additional roofing membrane has
been used to prevent it. Figure 4.16 shows a detailed cross-section of the model in
the join area between the room and wall elements.

The PET insulation boards have standard sizes. In order to minimize
potential heat loss do the gaps between the boards during assembly, the boards
were cladded and interlaced. Thus, most of the gaps could be covered.

The overall performance of the layers using Ubakus is shown below:
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Figure 4.19 Construction detail — Joint area of the roof with the wall layers

Layers (from inside to outside)

# Material A R Temperatur [°C] Weight
[w/mK] [m2K/w] min max [kg/m2]
Thermal contact resistance* 0,130 177 20,0
1 1,2cm AGEPAN OSB 3 PUR 0,130 0,092 16,8 19,2 7.2
2 1,2cm AGEPAN OSB 3 PUR 0,130 0,092 15,6 189 7.2
3 0,025cm BauderVAP DB 0,170 0,001 15,6 18,7 0.3
4 0,025 cm BauderVAP DB 0,170 0,001 15,56 18,6 03
5 20cm TIZ SOFTEX 0,054 3,704 73 18,6 8,0
25 cm Steel (Width: 0,06 cm) 50,000 0,005 77 15,5 19
0,06 cm Steel (Width: 7 cm) 50,000 0,000 74 7.5 0,5
0,06 cm Steel (Width: 7 cm) 50,000 0,000 16,1 16,4 0,5
6 5cm Stationary air (unventilated) 0,278 0,180 6,8 88 0,1
T 0,1 em roof panels 026: Innenseite 50,000 0,000 6,8 77 7.8
6,9 cm roof panels 026: Dammkern 0,026 2,654 -4,8 7.7 21
5cm roof panels 026: trapezoidal sheet 10,000 0,005 -4,8 -4,8 50
Thermal contact resistance* 0,040 -5,0 -4,8
39,45 cm Whole component 5,446 40,9

Figure 4.20. Thermal performance of layers. Thermal contact resistances according
to DIN 6946[64] for the U-value calculation. Rsi=0,25 and Rse=0,04 according to

DIN 4108-3 [65] were used for moisture proofing and temperature profile.
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Temperature profile

Temperature profile
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(2) AGEPAN 0SB 3 PUR (12 mm) (5) TIZ SOFTEX (200 mm)
(3) BaudervAP DB (B) Stationary air (50 mm)

Figure 4.21 Roof structure temperature profile - Left: Temperature and dew-point
temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the
component is everywhere above the dew point, no condensation occurs. If the
curves have contact, condensation occurs at the corresponding position. Right: The
component, drawn to scale.

The wall and bottom slab structure
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Figure 4.22. Wall element assembly.
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Figure 4.23. Construction detail — Left: Vertical section. Wall and bottom slab layer
elements. Right: Horizontal section

Similar to the roof element, the thermal insulation for the wall and bottom
slam components is made of four layers of 5cm PET boards. In order to prevent
forming of thermal bridge within the element, the wall component has an additional
layer of wood fibre insulation boards towards the outside fastened on the steel
structure. On top of these the fagade component is finished with bond (steel)
cassettes on a secondary lightweight structure, thus acting as a ventilated fagade
system. The bottom slab has an additional XPS (extruded polystyrene) layer glued
to a steel support sheet. Towards the inside both components have a double OSB
board layer which also works as a vapour barrier.
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Temperature profile
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Figure 4.24. Wall structure temperature profile - Left: Temperature and dew-point
temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the
component is everywhere above the dew point, no condensation occurs. If the
curves have contact, condensation occurs at the corresponding position. Right: The

component,

drawn to scale.

Layers (from inside to outside)

# Material A 2 Temperatur [*C] Weight
W/mK]  [m2K/W] min max [kg/m?]
Thermal contact resistance* 0,130 17.0 20,0
1 1.8cm 0SB/3 0,130 0,138 151 187 11.2
2 1.8cm 0SB/3 0,130 0,138 12,6 180 11.2
3 20cm TIZ SOFTEX 0,054 3,704 -1.1 17.3 4,0
20cm Steel (0,11%) 50,000 0,004 4,0 12,6 22
0,06 cm Steel (Width: 5 cm) 50,000 0,000 3.0 40 0.6
0,06 cm Steel (Width: 5 cm) 50,000 0,000 12,6 135 0,6
4 2,2 cm WoodFiber 1 0,050 0,440 33 40 51
3cm Profilholz (Fichte/Tanne) (Width: 3 cm) 0,140 0214 15 35 09
5 0,5 cm Stationary air (unventilated) 0,045 0,110 -3.8 05 0,0
6 3cm Stationary air (unventilated) 0,167 0,180 -4.8 -1.5 0,0
3cm Rafter (spruce) (5.7%) 0,130 0,231 -4.4 -1.1 1.0
7 0.5 cm Eternit Eterplan 0,580 0,009 -4.8 -4.4 83
Thermal contact resistance* 0,040 -5.0 -4.5
29,8 cm Whole component 3,539 44.8

Figure 4.25. Wall structure- Thermal performance of layers. Thermal contact
resistances according to DIN 6946[64] for the U-value calculation. Rsi=0,25 and
Rse=0,04 according to DIN 4108-3 [65] were used for moisture proofing and
temperature profile.
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Temperature profile

20 "] — Temperature
— Dew point
15
210 010}
g J
g -5 A R e e e e
Z
E° N
L \
_5 {—
10 — A
0 50 100 150 200 250 [am] b
Inside vewwe.ubakus. de Outsice 's0 550
(1) 0se/3 (12 mm) (3) BauderVAP DB {7 Insulation/Palystyrene (60 mm)
(Z) 0883 (12 mm) (5) TIz SOFTEX (200 mm)
{(3) BauderVAF DB (6) steel (0,2 mm)

Figure 4.26. Bottom slab temperature profile - Left: Temperature and dew-point
temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the
component is everywhere above the dew point, no condensation occurs. If the
curves have contact, condensation occurs at the corresponding position. Right: The
component, drawn to scale.

Layers (from inside to outside)

& Material k R Temperatur [*C] Waight
[WimK]  [m*/W]  min max  [kg/m?]
Thermal contact recistance® 0170 17.2 20,0
1 1.2cm 0SB/3 0,130 0092 16,1 190 T4
2 1.2cm OSB3 0,130 0092 146 18.6 T4
3 0025cm BauderVAP DB 0170 0,001 1486 183 03
4 0025cm BauderVAF DB 017 0001 145 183 0.3
5 20cm TIZ SOFTEX 0,054 3704 34 183 4.0
20cm Steel (0,10%) 50,000 0004 T1 145 1.6
0,06 cm Steel (Width: 5 cm) 50,000 0,000 6,5 6.7 04
0,06 em Steel (Width: 5 cm) 50,000 0,000 150 152 04
6 0,02 cm Steel 50,000 0,000 34 71 1.6
T 6cm Insulation/Polystyrene (EPS 035) 0,035 1714 43 71 18
Thermal contact resistance® 0170 -5.0 47
28,47 cm Whole component 4,663 25.1

Figure 4.27. Bottom slab. Thermal performance of layers. Thermal contact
resistances according to DIN 6946[64] for the U-value calculation. Rsi=0,25 and
Rse=0,04 according to DIN 4108-3 [65] were used for moisture proofing and
temperature profile.

4.2.3 The third design phase

The third phase focused on monitoring the model data. For monitoring the
characteristics of facades under various atmospheric conditions, the module was
equipped with 14 humidity sensors, 53 temperature sensors and 3 CO2
concentration monitoring sensors (Fig.4.26). For data transmission a station with 12
relays (IR) was mounted. Each IR can integrate 8 sensors and can provide digital
inputs and outputs that can be used for building automation. Currently, information
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is transmitted over an Ethernet network to a server located at distance, information
monitoring is ongoing [52].

Interior !x*ﬂhl:rm

Bt 3 rcn i
1 |

Figure 4.28. Monitoring sensor placement within the building envelope components
The LCA analyses on the types of facades analysed demonstrated that the

clearance and the end-of-life cycle of these systems plays an important role in the
impact analysis of the systems analysed, being able to reverse the scores obtained

BUPT



90 Test model and applied results

in the production phase. LCA analyses performed on quick foundation elements have
shown that due to their reuse the impact on the environment is minimal, although in
the production phase the impact on the environment is much higher than of a
similar cast-in-situ foundation [54].

4.2.4 The fourth design phase

The final phase further detailed the prior with the following events: In stage
IV/2020, the assembly of the wind turbine and the supporting structure and the
photovoltaic slats was carried out in the model. For the proper functioning of the
wind turbine, tests were carried out on a model experimental microgrid with direct
current energy distribution integrated into the "smart" type system grid". Monitoring
of the experimental data was continued to follow the variations given by
temperature, humidity, and CO2 concentration sensors. The production of energy
was also monitored because of the production of photovoltaic panels on the roof.
Once the systems have been coupled of the wind turbine [66] and the photovoltaic
blades it was be possible to monitor the energy production given by these systems.

4.2.4.1 Electric energy distribution network

The electricity distribution implemented in the experimental model is
represented by a network of direct current (DC) and is similar to a "smart nano-
grid" network. In the experimental model two types of renewable energy sources
(solar and wind) are integrated, elements of conversion and storage of electrical
energy the control system is also integrated and energy management through a
SCADA type system. Because this model is proposed for residential type
applications, common electrical equipment used in the home are adapted to operate
in direct current.

The network architecture is composed of two DC networks. A network of
high voltage (350V DC) and a low voltage network (24 V DC). Also, a classic
network of alternating current with the effective voltage of 230 V is present in the
experimental model. Solar energy is converted into electricity using twelve
photovoltaic panels connected to the network of 4V DC through a specially designed
converter to be able to take over the maximum energy generated by to the panels.
Power is stored in four lead-acid gel batteries, specially designed for the application
with photovoltaic systems. 10kWh of energy can be stored in the batteries, which,
for an ordinary house it is enough for 2-3 days of operation without charging. The
connection between the 350V DC network and the 24V DC network is made through
a bidirectional converter with switched capacities, this being presented above. The
connection to the alternating current network is made through a hybrid converter
which has the DC voltage output connected to the 24 V DC network. A SCADA type
system oversees and controls the entire flow of electricity and ensures data
acquisition of all parameters.

The "smart nano grid" type architecture implemented uses a decentralized
control, based on the voltage of the two direct current networks, on the power
circulated through the BHCC converter and the hybrid inverter. The hybrid inverter
offers two modes of operation: on-grid (connected to the grid national alternating
current) and off-grid (isolated from the national grid).
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Figure 4.30. AC and DC distribution network

In on-grid mode, if there is not enough energy produced by renewable
sources and batteries are at a low voltage level, the hybrid inverter will supply
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power from the mains alternatives and will deliver it to consumers, charging the
batteries at the same time. In case the sources of renewable energy produce too
much energy, which is not consumed locally, it is introduced in the national
alternating current network.

In off-grid operation mode, when renewable energy sources do not produce
sufficient energy, consumers are fed according to a certain degree of priority. On
the other hand, when the energy produced by these sources is greater than the
energy required, each source can reduce the amount of energy delivered to the grid.

4.2.4.2 Wind turbine

Considering installed power in the test module and the available area, a
wind turbine with a vertical axis with a power of 600W at the 24V voltage was
chosen for this purpose. It operates over a wide range of angular speeds, starting
from the starting speed of 1m/s, up to the maximum speed of 65m/s, with a low
noise of less than 25dB (speed of 7m/s, measured at a distance of 10m). It can
work in diverse environmental conditions and over a wide range of temperatures.
The generator is a three-phase one, and the controller makes a short-circuit
connection to brake the turbine [66].

Figure 4.31. On-site wind turbine ‘
4.2.4.3 Lighting design

To reduce the energy consumption required for lighting, the lighting
efficiency and the maintenance cost of the lighting fixtures, LED lighting was used.
For the same lighting, they emit a reduced amount of heat compared to
incandescent lamps, do not produce the stroboscopic effect present in fluorescent
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lamp lighting, and are much more efficient than both types. The content of toxic
substances is also reduced, compared to the latter, mercury vapor discharge lamps.
Considering the high characteristics of LED lighting, two types of LED strips powered
by the 24V network were used for the two rooms of the experimental module. Due
to the direct supply to the 24V network, the reliability, efficiency and cost of the
lighting decreases, because their electronic power circuits are eliminated, which are
usually integrated in each lighting fixture.

Two different types of tapes were used in order to compare their different
characteristics. In the first case, a conventional strip using SMD2216 discrete LEDs
was tested, obtaining an average light efficiency, and a light beam angle with a
commonly encountered value of 120 degrees. Due to the dimensions of the LED of
2.2 x 1.6 mm, the size of the strip turns out to be 4 x 1.95 mm.

In the second case, a strip of COB (chip on board) LEDs was chosen, which
can achieve better characteristics in terms of dimensions, light efficiency, light
diffusion and cost. Thus, with a reduced height of 1.2mm, this strip produces 50%
more power and 10% better light efficiency. Due to the angle of the light beam and
the high density of LEDs on the surface, this LED strip can be used without the need
for a diffuser/light diffuser. In addition, it also has an increased color rendering
index of over 94.

Other accessories required for mounting these strips are visible LED profiles
and profile ends made of anodized aluminum. In order to further reduce
consumption, a microwave presence sensor is used.

Figure 4.32. Installed lighting system - LED strips
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4.2.4.4 SCADA monitoring system

System architecture

The system design functions as an "open architecture" type. This allows
integration of all equipment, from different producers, used in the framework of the
experimental model. It is a two -way system, which allows both the monitoring,
acquisition and storage of data from the measurement station, as well as the control
of the execution elements and the energy flow. A standardized communication
protocol is used, Modbus TCP/IP [67], using the Ethernet network, which allows the
cooperation with other applications made on open systems that have the same
implemented communication protocol or by using an OPC server.

The SCADA interface was developed using the SIEMENS - Logo Web Editor
V1.0 platform [68]. The application runs on two intelligent relays used within the
measuring station. Data storage is done internally on smart relays using multiple
micro-SD cards, separate from the SCADA application. Thus, if for some technical
reasons the SCADA application stops, the data storage is not affected. In this
configuration, access to the SCADA system is done through a web browser,
accessing the IP address assigned to the relay on which the SCADA application is
running. The data is stored and indexed in files with the extension .csv, with a
maximum length of 20000 rows, after which another file is created. The file name is
composed of the IP address of the relay, the date and time it was created. Stored
data can be downloaded using the intelligent relay programming interface, LOGO!
Soft Comfort V8.2 SP1. The connection is made on the ethernet network without the
need for a direct connection, on a dedicated cable, between the PC and the served
relay. If more files are created, to download them, it is necessary to remove the
micro-SD card from the relay and insert it into a PC. Only the last created file can be
accessed from the programming application.

Considering the above aspects and given the fact that the intelligent relay
operates on 16-bit, integers, a new SCADA application was developed that allows
the integration of various mathematical functions for data processing. The
application runs on a dedicated desktop drive. Data is acquired using the same
standardized protocol, Modbus TCP/IP, Ethernet communication network. The data
is acquired from the measuring station and stored in txt files on the hard drive of
the PC. At the operator's request, they can be accessed, depending on the set time
period, and can be exported in excel files. The SCADA application developed on the
previous platform has been preserved. SCADA applications are separate, and their
operation is not conditioned by the interruption of one of them, thus ensuring
redundancy.

Graphic interface
The graphic interface of the SCADA II application was designed on the same
platform used for development (Ni Labview). The interface is made up of several
viewports which can be accessed from the menu by browsing them, located for each
window on the left side. In the figure below, the "Home" window is presented (Fig
4.33), which opens at the first access of the SCADA application. This window
displays the energy flow of the module and the daily production for each renewable
energy source. For each consumer, the distribution equipment and energy source
are displayed instantaneous active power.
The "Human Presence" area indicates the active presence of a person in the
experimental laboratory. The "Light Control" area allows the remote control of LED
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lighting, distributed on the ground floor and floor. The blue color of the button
confirms the transmission of the information and its execution by the final
equipment. On the right side of the viewport, the following are displayed, separately
for each source:

e daily electricity production;

e the percentage power level compared to the nominal value;

e ON/OFF status, signaled by the green or red led located in the upper left.
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Figure 4.33. SCADA "Home"- Labview

The "Electrical" viewport (Fig 4.34) shows the electrical diagram of the testing
module, and the actual current and voltage values related to each equipment,
energy source and distribution networks. The status of each device is also indicated:
Active, Standby or Inactive.

e Active - the equipment is in working condition and the current value is

greater than 0.05A;

e Standby - the equipment is in working condition, but the current value is

lower, in the mode, than 0.05 A;
e Inactive - the equipment is off or there is no communication with it.

The HBDC Control area is intended for the bidirectional DC converter, between
the low voltage network (24V, DC) and the high voltage network (350V DC). The
ON/OFF button allows the converter to be inserted or withdrawn from operation. The
Mode button selects the operating mode of the converter, Manual/Automatic. In
automatic mode, the converter will take the voltage references set for both
networks from the SCADA interface and will be processed by the internal regulators
within its nominal power limit. For example, if the references are set, the converter
will supply energy to the high voltage network if the voltage value on the low
voltage network is greater than 24.5V and the voltage value on the high voltage
network is below the value of 350V. Otherwise, energy will be sent to the low-
voltage network, as it is considered a priority.
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The area in the lower-right part of the window is intended for the graphical
representation, over a defined period, of the parameters of interest. It is possible to

import the history and its graphic representation as well as export the data to an
excel file.
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Figure 4.34. SCADA “Electrical” - Labview

Below are some viewport examples intended for the measuring station for
temperature, humidity and carbon dioxide sensors. In addition, the option of
graphical representation of the measurement history and its export to an excel file
has been introduced. The trend also displays the current sensor values. The
selection is made using the icon at the top right of the trend.
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Figure 4.35. SCADA “EAST Facade” - Labview
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SOUTH Facade

Figure 4.36. SCADA “"SOUTH Facade” - Labview
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Figure 4.37. SCADA "“"SOUTH floor” — Labview

Figures 4.38 - 4.41 show the information provided by the monitoring
management system, recorded for a monitoring interval of 6 months (01 December
2020 - 15 May 2021).

The recordings transferred by the sensors show the envelope behaviour of the
experimental module and interior comfort conditions. At the time of the recordings
the indoor temperature was influenced only by solar input, electrical devices and
human interactions during interference by maintenance and observation, HVAC
indoor comfort adjustment systems (heating-cooling, air conditioning) not being
connected.
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Figure 4.38. Temperature information provided by sensors on the south facade
(floor) (top) respectively ground floor (downstairs).
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Figure 4.39. Humidity sensor data
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Figure 4.40. Variation of CO2 concertation inside the test model
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Figure 4.41. Winter energy production report
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The energy production was monitored based on the data provided by the
production photovoltaic panels on the roof. The recorded data shows that there are
load periods with energy of up to 10kWh / day, which compensates for cloudy or
snowy days, in which the energy is provided by batteries. In the natural operating
conditions of the module, the consumption is constant approximately 2.6 kWh/day.

3.5 kWh

5.2 kWh

® Battery
Solar

Consumplion

Figure 4.42 Energy production for a 2-day measurement within the test module

To illustrate the environmental benefit of the thermal insulation system
obtained from recycled PET batting, in this phase an additional LCA type analysis
was carried out, comparing the results obtained with the results obtained for a
classic mineral wool system. The results indicate that the total impact of the
insulation system PET_150 (438.09 kg CO2eq) is less than the environmental
impact given by MW_100 (864.86 kg CO2eq) by approximately 48%/[54].

The main conclusions of project 4 show that in order to obtain buildings with
a low impact on environment and moderate construction costs, a holistic approach
that integrates analysis is needed interdisciplinary and multi-object optimisation.
The holistic approach to experimental module design involved the adoption of
various criteria for sustainable building such as resource efficiency, efficiency
materials, environmentally conscious design, life cycle design of buildings, use of
reusable/recyclable materials, modularity and standardisation in design, methods of
ecological demolition, recycling and reuse of waste, considering the cost of
construction in the life cycle, cost of materials, health and welfare of occupants[52]
[54].

The project was funded by a grant of the Romanian Ministry of Research and
Innovation, CCCDI - UEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-0391 /
CIA_CLIM -Smart buildings adaptable to the climate change effects, within PNCDI
III.
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5. EXTENSIVE RETROFITTING OF COLLECTIVE
HOUSING MADE OF LARGE PREFABRICATED
PANELS.

5.1. Context and requirements.

The rehabilitation of collective dwellings built using large prefabricated panels has
become national priority for Romania, considering the impact it can have on the
urban population and the commitments assumed at the national level regarding the
European energy objectives.

If at the time of their construction they were presented as the viable
solution to the urgent problem of housing the newly arrived urban population, the
four decades of exploitation have shown that they present a series of problems
determined by factors ranging from physical wear and tear, poor execution on the
construction site, results from the demands imposed by the political regime
(regarding economy, speed of execution and high density of housing units).

Thus, the inhabitants of these blocks are faced with problems such as poor
interior comfort and the reduced possibilities of adapting the interior of the
apartments to contemporary living needs. Furthermore, due to the massive
densification imposed by the political regime, the social infrastructure in these
neighbourhoods is often deficient and there is a great lack of parking spaces,
doubled these days by bad public space management. Added to this is the fact that
the average available living space per capita places our country at the bottom of the
European ranking (according to the BPIE Report) [1].

In this chapter, we try to answer to what extent the collective housing made
of large prefabricated panels can be transposed in today's society, through a
substance rehabilitation strategy, which responds to the real needs of the
inhabitants, at the same time defining a high standard of living, in resonance with
matrix of contemporary housing.

According to the national census of 1992[2], in the so-called "grey districts"
finds approximately 1.8% of the total stock of residential buildings. These
neighbourhoods of collective housing were built until the 70s during the period of
industrialization accelerated during the communist regime. Despite this number of
buildings, approximately 60% of the urban population in Romania lives in these
neighbourhoods. Although these buildings are less than half their normal lifespan,
many no longer meet contemporary living conditions. The building stock standard
needs modernization, adaptation, and strategies that could benefit Romania's urban
population. There is an obvious need to refurbish buildings, which is a necessity for
existing communities who live in these "grey neighbourhoods".

The traditional way of life of the communities will slowly disappear with most
of the current owners of housing in collective blocks. Living in collective housing
must be maintained as it is a necessity and a reality. These communities must be
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encouraged to define their identity and appropriate social behaviour. Own initiatives
or collectives should be present at every step, being the social promoter.

Because the intervention objectives target the urban environment, which
has a relatively homogeneous population, the differentiation between social
categories is based on criteria of age, income and lifestyle. The defined categories
are:

Young people aged 18-30

The project mainly aims at young people between the ages of 18 and 30,
married or not, who have jobs and seniority of six to seven years of field of activity.
The average income in Romania for a young beginner begins with the minimum
gross salary of 700 lei (in 2012) [3]and if that person is ambitious and eager to be
promoted, this income can increase, in the first years, by approximately 15%
annually.

The lifestyle for this type of person is dynamic; young people party quite a
bit of time indoors and therefore household consumption is low. The main activities
carried out in the apartment are rest and entertainment: the sea most prefer to
invite their friends at least once a week.

Financially, young people present significant job risks uncertainty and lack
of experience, counterbalanced by openness to new things and technology.

Adults with children between the ages of 30 and 65

The second social category to which the project is addressed is the formed
family of two adults and one child. At this age there is some stability and
responsibility in terms of income and level of consumption. Income increases they
arise with the accumulation of experience. At the mature age of 30-65, the income
monthly average in Romania, in 2012, was 1,743 lei. During this period, the study
shows that Romanians have approximately four hours of free time during the week
and nine hours during the weekend. The same study reveals that 80% of these
people prefer to spend their free time from working days at home [3].

The elderly over 65 years old

The main source of income for this social category is the pension. Into the
2012, there were 5,480,000 pensioners in Romania, with an average monthly
income of 773 lei (National Institute of Statistics). Although energy costs in
Romania are the highest small throughout the European Union, many Romanians
have problems paying their bills electricity. The reasons are various: low incomes,
inadequate buildings' insulation, and increasing prices. Therefore, almost 17% of
the monthly income is allocated for electricity, gas or water bills. Regarding
electricity, prices increased by 10% on January 1, and natural gas prices will be
increased from July 1.[3] On the other hand, the economic map and the business
environment show the development discrepancy between the regions in Romania
and a gap between counties in the same development region. Timis County, for
example, it holds 42% of the total workforce in the Western Region and has an
index of productivity (GDP / capita) of 8,700 euros, 30% above the average of the
region and 83% above that of Caras-Severin county.[3] [4] Given these conditions
and the relatively large amount of time spent indoors during the week, increase
electricity, gas or water bills, how they also increase due to price increases.
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5.1.1 Urban strategies.

Most common spaces in the neighbourhood are occupied by cars, which hinders the
development of community amenities while at the same time the terraced roofs of
the apartment blocks remain largely unexploited.

The adopted solution involves the extension of the structure on the terrace
with intended constructions to create community spaces. The connections between
them will generate a public place of promenade overlooking the city. The
reconfigured staircase will provide access unfettered, both for tenants and potential
visitors. The configuration standard of existing apartments no longer meets the
needs of contemporary Romanian society. At the same time, the large population
living in these buildings require the redefinition of the interior configuration of the
apartments, taking into account of the specific lifestyle of various categories of end
users: tenants, families with single child and retired couples. Supplementing the
space is not only that necessary, but also possible. As a direct consequence, the
intervention assumes the reorganization of the public domain to accommodate new
functions and improve the existing ones. From the point of view of the street, since
the street profile is quite small, and the number of parking lots is insufficient,
parking insurance will be required do in common parking lots, either underground
with a green roof, or multi-storey above-ground set up in residual spaces or on land
near homes.

CURRENT URBAN SITUATION

DENSITY OF FUNCTIONS = 0%
TERRACE

GROUND LEVEL

DENSITY OF 77 '7’ 5] :
Fncrows ] ) o T
m m[ ¥

The space left free after clearing the inner courtyards of garages and
parking lots it will turn into spaces for playing, socializing, or green promenades wit
state seats. Also, the resulting spaces will be connected to each other by pedestrian
networks and tracks of bicycles. Lighted, open and vegetated alleys will ensure
security and the feeling of trust. The network can also accommodate small plots of
urban gardening or agriculture, ideal for eliminating everyday stress. Gardening is
possible it can also be done at block level on its terrace, the resulting products can
be used generating income. Regardless of the investment threshold, urban
redevelopment also allows for rapid human connection that will be capitalized on of
the small initiatives that can start from within the community.

Figure 5.1. Current urban situation diagram
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B

Figure 5.2. Holistic rehabilitation concept

It is not enough to recreate the negative space, it is also necessary to create
one itinerary of activities to create its own identity, but also to enliven the space
result. Like the garden city concept, the neighbourhood will be divided into cores of
activity to create diversity and ensure small oases of peace. This way, the
community will be in close contact, both with its members, but also with the other
entities such as: the administration, the economic environment, the academic
environment or NGOs. Public space becomes a platform through which the
community communicates, remanifests and reacts in a responsible way towards its
members, towards the environment, against all the factors that influence it.

A major importance is given to the implementation of a grounded electrical
network on photovoltaic panels arranged on the terraces of the blocks or on the
roofs of the premises which will partially ensure the energy consumption of the
common spaces (elevator, staircase, the entrance to the block, the multifunctional
space, but also of the public lighting in stations of bicycles, bus, etc.). To these are
added water collectors arranged in the spaces on the terrace of the block or in
public places. The collectors will be used for water reuse rainwater for bathrooms or
for irrigating green spaces [5].

5.1.2 Existing architecture as support for retrofitting.

The most common typology of blocks in Timisoara is the one with a ground
floor and four-story types 770 and 1340, built between 1970-1985 and 1980-1990,
respectively, which, however, only offer minimal living conditions. All these
constructive types were created to be combined in different ways in order to achieve
variety apparent in, at that time, the new neighbourhoods. But the repetitive
pattern is still perceived, producing a sense of confusion as the neighbourhoods
have no identity visual.

Therefore, upgrading of these housing blocks can be seen and as an
opportunity to develop a neighbourhood identity. On the occasion of the research, I
narrowed the field to the most widespread model in Timisoara, of course, the 770.
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Figure 5.3. Model 770 distribution in one of the major neighbourhoods in Timisoara

This type of block was widely used throughout the country in the 70s and at
the beginning of the 80s of the last century. That's why we find it everywhere - in
Arad, Cluj, Brasov, Bucharest, lasi or Ploiesti, etc. This great dispersion of such
model project throughout the country was part of an effective targeted strategy
towards industrialization, accessibility, transportation and speed of execution. Every
type of project was developed starting from precisely and rationally dimensioned
prefabricated components to be delivered to the construction site to be assembled in
the shortest possible time with possibility. In the case of block type 770 there were
68 subtypes, varying through panels exterior and interior verticals, through the type
of ceilings, stairs and bathrooms.
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Figure 5.7. Model 770 distribution in Cluj
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Five types and sizes of prefabricated panels were available for this model,
respectively of 2.40; 3; 3.30; 3.60 and 5.40 meters long. Starting from existing
prefabricated building elements resulted in a development strategy organically, also
through industrialization, of nhew components for modernization apartments, blocks
of flats, blocks of flats and entire neighbourhoods. Into the based on the
prefabrication strategy, three subtypes of the 770 model have been identified: Pa,
Pb and PC, these being differentiated by planimetry [5].

The typology studied in this work is Pa which has four subtypes: PA1l, PA2,
PA3, PA4. The first subtype, PA1, has two span sizes of 3.30 m and 3 m. This model
has three apartments on each level, each with only two small rooms. Two of the
apartments are double facing and only the middle apartment it has two balconies
only on one side. The useful surfaces of the apartments are of 65.67 m (ground
floor apartment with three rooms), of 49.50 sqm and 46.60 sqm. blocks of the Pa
subtype are placed N-S and the apartments have a double orientation [6].

However, only 27% of these blocks are in their original state and only 4% of
these buildings are thermally rehabilitated [3] [7]. Moreover, the blocks on which
the residents intervened on the original terraced roof, replacing it with a gable roof
slope dominate the landscape and represent 69% of the total. In the Soarelui
District of Timisoara, this type of interventions is the most numerous, with around
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80% of them having this type of intervention. Blocks were run with each of the
twelve subtypes of homes with a number of apartments ranging from 10 to 20,
blocks linked between them and forming rows of buildings. Several types of
connections are defined, these causing different positions of the block in the row of
blocks [6].
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Figure 5.10. Model 770 ground floor plan

Several issues have been identified, such as the staircase, the lack of an
elevator or the size of the apartments, especially those with loggias. The layout of
the apartments also shows deficiencies in compliance with modern living standards,
because they were designed for people who spent a lot of time in the kitchen
(cooking for the whole family) and conversing. Nowadays the public is reoriented
towards a much more dynamic lifestyle, cooking becoming a rather sporadic
activity. The main problems of model 770 are:

e insufficient natural light
e lack of space and
e the low level of comfort, especially in narrow bay configurations.

It should be noted that the dimensions of these homes were made for a
population with a generally low financial situation who owned a small amount of
goods. Currently, the number of goods is constantly increasing, and the spaces of
old storage are not enough for current needs.
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If we consider current housing standards, major changes are observed
regarding the importance of rooms related to its dimensions. More than that, new
equipment has appeared that requires space, but also the behaviour of the user has
changed over time. In 1975 the apartment under consideration was sized according
to the rules in force on that date for two people with an area of 44 sgm, of which
27.1 sgm are useful and habitable. On this surface we consider the bathroom with 4
sgm., the kitchen with 7 sgm. and the hall with 3.70 sgm., the rest being either
installation spaces or storage rooms.

Today, the Housing Law [8][5] states that the minimum area for a 2-room
apartment inhabited by two people is 52 sgm, of which delimits: 2 sqm storage
area, 4.5 sgm sanitary rooms, 18 sgm living room, 12 sgm bedroom, 8 sgm kitchen
and dining area. From these figures we give note that the standards to which these
apartments were designed and executed do not more correspond to reality. For this
reason, the biggest challenge is to modify an existing structure without massive
intervention so that you respect the standards current housing issues. Moreover, a
minimum volume of 15 is also required cubic meters of fresh air for each person
using the apartment. This thing translates into the need for additional ventilation
that provides a minimum air exchange of 0.5 of the total volume per hour. In the
current conditions this is almost impossible to achieve because ventilation is
provided manually and depends on everyone's behaviour.
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Figure 5.11. Model 770 typical floor plan
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Figure 5.12. Model 770 elevation and section

Before detailing the solution below architectural, interventional limitations
due to costs should also be mentioned, and namely: enlarging the openings in the
facade, staircase redesign to accommodate a elevator, redesign of the apartments
to be able to use the useful space to the maximum available through multifunctional
furniture, horizontal extensions to the level of the balconies with the limitation of
the protruding surfaces in the console, the complete retrofit of thermal insulation
and the introduction of the walkable terrace. The ultimate challenge is, however, the
acceptability of using alternative heating systems, under the conditions of a market
in smaller and smaller of the central heating agent.

The architectural solution touches on three main elements, the first relates
to the building envelope with the new thermal insulation and finish, the second
refers to the redesign of vertical circulation with the differentiation of access and the
last to the functional interior of the apartment.

The weak points of the model presented above can be seen as opportunities
for new ideas. That's why an example of good practices in a city like Timisoara can
change significantly the residents' perception of the possibilities of the existing
housing stock.

After analysing a 770 model (the one that offers the poorest living
conditions regarding space and energy efficiency) can be said, as a conclusion
preliminary, that only an integrated design system can offer solutions to these
problems to such a building. But the intervention can be done step by step, with
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cheap means and with the passive systems most suitable for the local context
(Romania is a country in development course with low per capita income and low
level of knowledge high tech). The solution is adapted to local conditions and is
based on a system integrated that takes into account a strategy that involves the
use of materials of construction. The project improves the energy efficiency of the
building, using interventions innovative in its thermal envelope and which are in
harmony with the environment as well as a local source of renewable energy,
through the integration of solar panels and photovoltaics. The situation on the real
estate market affected the strategy which was more focused on the technical
aspects involved in achieving energy efficiency, as well as on the social needs and
the quality of life of individuals and communities in general. Thus, the attention has
focused on several different aspects [5] [9].

5.1.3 Reducing the energy demands

A first step towards lower consumption can be achieved by overall reduction
or limitation of energy demands. This will be reached by reducing the amount of
energy consumed for heating, cooling and lighting. Specifically, for a better heating
and cooling, improving energy performance will focus on improving thermal transfer
of the existing concrete wall, by adding an insulating layer of mineral wool which will
bring the total U value opaque walls to approximately 0.15 Wm2k - according to
passive renovation standards, in our case enerPHIT [10].

By replacing existing windows with more energy efficient ones and creating
a new thermal envelope, more efficient, which will help reducing the consumption of
energy by reducing heat transfer to the environment. They will increase the gaps of
the windows, to allow more sunlight to enter apartments and, at the same time, in
their possible enlargement. By using retractable shading devices, the rooms will
benefit from more sunlight during the day thus reducing artificial lighting. In order
to improve the lighting during the day, materials will be used and paints with highly
reflective colours for floors and room interiors.

A second step is given by the introduction of equipment and appliances
energy-efficient household appliances that have low consumption and that are
purchased on the principle of the most efficient technology at the most affordable

price on the market.

5.1.4 Active and passive solar systems

By installing combined solar panels, for heating and photovoltaics, thermal
energy will be supplied for heating, at a lower temperature, due to of the adopted
system, respectively underfloor radiant system and electricity for to cover part of
the requirement for the pumps and fans used in the system of ventilation. The rest
will be used for common and tenant spaces. [11][12][13][14]. To reduce and more
electricity consumption will be provided for automatic lighting with presence sensors
and LED lighting fixtures and appliances will be used energy efficient.

5.1.5 Addressing accessibility issues

The existing staircases and access routes were not designed for use and
residents with disabilities. To allow a high degree of accessibility a new staircase
was designed. The new staircase will replace the existing ones made of two
prefabricated ramps. The new staircase will have a 1.2m wide ramp as well as an
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elevator added to the outside of the building in a cabin made on a frame with a
light-weight steel structure. To achieve higher construction speed and reduced
impact on tenants, all new elements are made of steel prefabs [13].

The construction process will be managed in such a way as to allow tenants
to remain in apartments during construction. This will be achieved through the
construction of the elevator car before the demolition of the staircase. Temporary
stairs will be used which will allow vertical movement during the demolition of the
staircase and facade panels existing. Demolition will be done by cutting the concrete
with disc devices cutting out small pieces to eliminate any risk of injury to this
operation [13].

The process will be carried out in two stages on each level and will consist of
removing the facade element, allowing connection to the temporary scale, when the
two landings of the staircase between the 3rd floor and the landing between the 3rd
and 4th floors will be eliminated. During this process the tenants on the 4th floor
will use for access to apartments the temporary staircase and the stairs up to the
3rd floor. This process will be repeated for all four levels. After the demolition of the
old staircase, the new flights will be installed of prefabricated stairs. They will rest
on the existing floors and beams link mounted next to the removed facade panels.
When all new stair flights will be put in their position, the temporary stair will be
dismantled, to make room the elevator [13].

The safety of tenants will be ensured by controlling access to stairs and
elevators magnetic cards, not allowing foreigners access to the intermediate levels,
but only to possible public rooftop extensions [13].

5.2. Thermal rehabilitation in Romania.

The thermal rehabilitation of residential buildings is not only a problem Romania
[15]. And in the other ex-communist countries of Eastern Europe, but also on the
whole territory of the former USSR, there are the same issues, although the
approach is different. Today, the whole world is concerned with saving energy,
regardless of the place or position he is in. Old buildings constitute a heritage in all
countries the world, and for several years there has been a start to improve the
existing fund and not for its demolition. Specialist calculations show that it is
cheaper to rehabilitate a building, rather than demolishing and building a new one.
The rehabilitation process of an existing buildings, however, requires complex
interventions aimed at improvement general of it. It involves a redefinition and
implicitly a redesign of the building, starting from its existing structure, installations,
functionality, comfort and aesthetics, natural and created space, indoor and outdoor
environment, materials and products used, the efficiency of the interventions, the
amortization of the investment, etc. Intervention costs they will always be a major
decision factor. The existing housing bock is outdated in terms of the demands of
life now, both for builders (architects and engineers), administrators, researchers
and users. But no one it cannot afford to demolish them in order to build new ones,
subject to the conditions of current comfort. And if we did, tomorrow they would
also be outdated, the world evolving [3] [15].

The process of rehabilitation involves different stages and approaches. There
are general interventions, complex involving functional and structural changes,
modernization is necessary installations, thermal and acoustic rehabilitation of the
envelope, environmental rehabilitation and aesthetic rehabilitation of the building.
Most of the time, however, a holistic approach is not possible, and the reason is
financial. Therefore, only certain rehabilitations are done
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points of view, partially of each data[3].

From and architecture and design perspective there are still issues that are
not addressed, by the anonymous aspect of these blocks [15], but also the tire that
seems to be a lot too thin for what is needed. There are still some ways to solve the
problem balconies, individual interventions transforming the buildings into
something very heterogeneous from this point of view. Thermopane windows seal,
but in turn generate others internal problems. Then there is the issue of roofs to be
discussed. Beyond these aspects are also the seismic ones, so the structural
aspects, of which any intervention by rehabilitation should take into account.
Unfortunately, there is no financial support program from this point of view. By
applying thermal protection, we also covered the damage caused by the major
earthquake of 1977. Another aspect not to be neglected is the one related to fire
safety [16].

In general, the methodology is followed without problems, but it is limiting
the possibilities of using mineral wool as an insulator and metal windows, a thin
plaster, natural and artificial stone. But this solution increases costs. There are also
aspects related to noise protection, but also hygiene and environmental protection.
During the execution of the thermal rehabilitation works, they were found various
deficiencies, especially in finishing, their quality leaving much to be desired.
Replacing windows is also not an easy thing. If we are talking about roofs, there is
also something to discuss here what do we do with the multitude of devices,
equipment and advertising structures on them, or with the frames executed without
a secure anchorage in the existing structure.

It is good that this process of rehabilitating the collective housing blocks has
started, because, in this way, a cultural dimension is also preserved, of which it
does not seem to no one takes into account when talking about rehabilitation, in
general.

5.2.1 Thermal rehabilitation or a new attic

After 1990, until the appearance of Government Ordinance no. 18/2009[17]
on increasing the energy performance of housing blocks, attics, overstory and the
construction of truss roofs with the arrangement of bridges unheated were
considered urban regeneration measures and at the same time by thermal
rehabilitation of these buildings. In a way, it is. The attic was born due to problems
arising in connection with the waterproofing of roofs terrace, as a solution to these.
The attic is defined as a room or assembly of habitable rooms, placed immediately
under the roof (having the ceiling and slanted walls or irregular); floor located
immediately under the roof of a building [18]. Basically, it is the attic, or the top
floor of a house, placed under the roof, with the ceiling pitched and arranged as a
house. A home made with an attic can not only represent an advantage, offering,
through the construction system and the materials used, a comfort, both thermally
and acoustically, much superior, but it can also represent an alternative for those
who decided to buy an old apartment on the real estate market.

Its main characteristics are:

e it is a light construction (from light non-combustible structures) that will
lean against the walls of the block;

it has its own platform, built above the last floor top slab;

e the electrical, water, heating, drainage and gas installations of the attic they
will be connected to the common installations of the block through the space
between the terrace of the block and attic
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e the attic will have a level or one and a half, according to the structural
expertise assessment;
e the attic roof is of the classic roof frame type.

Sure, the attic is a thermal rehabilitation solution, but a partial one, for that
it only touches the terraced roof it replaces. The thermal rehabilitation process is
much more complex, primarily aiming at the achievement of an energy savings, but
also comfort and environmental factors. From a technical point of view, the attic is
very well set up, there being a developed technical norm [19].

5.2.2 Law issues

Although there are currently a large number of attics made, the legal
problems related to them have not been overcome, despite efforts to resolve or
remove them. Thus, in addition to the poor quality of the executed works, co-
ownership on the common parts is the main cause that generated these problems.

Local authorities have been overwhelmed by the number of requests for
authorization of such of works, which is why they developed, in order to keep the
phenomenon under control, local town planning regulations. With however, there
are quite a few attics built without being authorized. In 2012, Ministry of
Development, Public Works and Housing (MDLPL), to go over the reality of co-
ownership and the problems it generates for the business itself, that of attics of
collective housing blocks, amended Law 230/2007 regarding the establishment,
organization and operation of owners' associations, stipulating that the works of
over-storing and/or attic of a building can be carried out by the association of
owners, if the decision is approved by two thirds of the members the association
and all the owners of the houses on the top floor of the building.

The legislative change was motivated by the need to allow works to be
carried out of rehabilitation and attic of residential buildings, and regulates the
decision of initiation of the works, as well as the alienation of the undivided share of
the properties individual from the terrace of the block. Eventually these provisions
were introduced at Law of cadastre and real estate advertising no. 7/1996, through
an amendment from 2010 [20] and generated numerous litigations, contravening
the provisions of the Civil Code. Through Decision of the Constitutional Court no.
1514/2011 regarding the admission of the exception of unconstitutionality of the
provisions of art. 45 para. (3) - (6) of the Cadastre Law and a real estate
advertisement no. 7/1996., starting from 12.01.2012, it returns to the situation in
advance, and the attic can only be done with the express consent of all the owners.
All this legislative instability is due, first of all, to the pressure of the construction
companies that made the attic of the blocks a business, but also the fact that the
political decision-maker has adopted this type of attitude, under pressure being also
the effects of the economic crisis and the need to unlock the economy, the sector
constructions being among the most affected by the effects of the crisis that started
in 2009 [21].
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5.3. Rehabilitation solutions for the existing building.
Thermal and energy simulations.

In the following, three scenarios for extensive retrofitting are presented,
considering implementation difficulties and costs.

The first scenario and the most accessible consist of an upgrade to the
existing building envelope with new insulation materials and more efficient window
elements.

In addition to a new thermal envelope, the second option offers a secondary
building fagade made out of lightweight steel structure. The structure is fastened to
the existing reinforced prefabricated concrete panels and provides support a
possible horizontal extension of the apartments.

The final scenario, and the most challenging is the redesign of the current
staircase and the addition of an elevator to solve accessibility issues. Due to the
significant implications of the solution the terrace roof is also transformed into a
public space with different functions. These functions also serve as support for
installing renewable energy systems.

The results are compared with the C107 [22] norms for thermal resistance
of building components of residential buildings. These base values are presented
below.

Component R'min[M2K/W] | U'nax[ W/meK]
Outer walls 1.80 0.56
Windows 0.77 1.30
Top slab/Roof 5 0.20

Table 5.1. Building envelope elements thermal resistance values
5.3.1 Simulation process and input data

The thermal behaviour of the building’s envelope, existing and new, is
studied using the online U-calculation platform Ubakus [23]. The platform is easy to
use and it allows generation of building components using either existing embedded
materials or creation of new ones for further use.

The energy simulations are carried out with ArchiCAD’s Energy Evaluation
option [24]. The calculations were carried out on the middle apartment of the 770
model. The way it works is a base model of the building is generated. Using the
Zone tool, thermal blocks are defined within the model and added into the interface.
Also following data have been considered:

e Inside temperature: 20 °C and 40% humidity
e Outside temperature -5°C and 60% humidity
e Gross Floor Area: 52.60 sgm

e Treated Floor Area: 46.40 sgm

e External Envelope Area: 124.50 sgm

e Ventilated Volume: 133.12 sgm

e Glazing Ratio: 3%

e human heat gain: 70W per user;

e service hot-water load: 60l/day per user;

e humidity load: 2g/day per user;
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e usage rate: 6264hours/year;

e lighting: LEDs;

e heating: 1500W nominal capacity electric space heater.

e Cooling: 12000 BTU wall-mount cooling system

e Overall window U-value 4.93 (2.11 opaque / 5.20 glazing)

5.3.2 Current situation. Collective housing unit before thermal
rehabilitation

The load-bearing outer walls are made of reinforced prefabricated concrete
panels, with an average total thickness of 27 cm. The 12.5 cm resistance layer, as
well as the 5 cm protection layer, are made of reinforced concrete B250 (C16/20),
having a 7.5 cm thermal insulation layer of aerated concrete and EPS granules. The
overall thermal performance is presented below. The complete thermal assessment
is presented in Annex 4 -5.

TT0 Existing outer wall, RB=1,35 m3*K/W
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Figure 5.14. Temperature profile of the existing building envelope

Layers (from inside to outside)

# Material A R Temperatur [*C] ‘Weight
[Wy/mk]  [m*/W]  min max _[kg/m?]
Thermal contact resistance® 0,130 16,2 20,0
1 1cm Cement plaster 1400 0007 161 16.2 200
2 125 cm Reinforced concrete (2%) 2500 0,050 153 161 3000
3 5ecm aerated concrete 350kg/m3 U090 0,556 6.9 153 175
4 25cm EPS granules 0,035 0714 4.0 69 05
5 5cm Reinforced concrete (2%) 2500 0,020 -43 -40 1200
] 1cm Cement plaster 1,400 0007 4.4 -4.3 200
Thermal contact resistance* 0,040 -5.0 -44
27 cm Whole component 1.524 4780

Figure 5.15. Thermal performance of layers. Thermal contact resistances according
to DIN 6946[64] for the U-value calculation. Rsi=0,25 and Rse=0,04 according to
DIN 4108-3 [65] were used for moisture proofing and temperature profile.
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Supplied Energy per Week
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Emitted Energy per Week

Figure 5.16. Existing building energy balance

5.3.3 First scenario. Current situation. Collective housing unit after

standard thermal rehabilitation

The current thermal rehabilitation program ensures a minimum of 8 cm
thermal insulation XPS boards (extruded polystyrene) on top of the existing
prefabricated panels. At the floor slab area these boards are replaced with a 60 cm
mineral wool strip to prevent fire from spreading on the fagade of the building. The
upside in this case is a shorter execution. The downside, however is the execution
process. In most cases the small gap is formed between the insulation boards and
the building facade due to improper installation. This leads to formation of mould on
the inner side of the board and in time those gaps can widen and compromise the

entire envelope.

Layers (from inside to outside)

. Lighting and Equipment
110.0 kWhia
Added Latent Enengy
235 kWhia
) Human Heat Gain
8421 kWhia
. Senice Hot-Water Heating
G380 kWhia
Solar Gain
27524 kKWhia
Heating
4735 KWnia
. Transmission
1931.0 kWhia

Transmission
32318 kWhia

Infiltraticn
TE 2 kWhia

. Sewage
6389 KWhia

. Cooling
33686 kWhia

# Material kY R Temperatur [*C] Weight
[Wimk]  [meRW] min max Jleg/m?]
Thermal contact resistance® 0,130 184 200
1 1em Cement plaster 1.400 0,007 184 184 20,0
2 12,5 cm Reinforced concrete (2%) 2,500 0,050 180 184 300,0
3 5cm aerated concrete 350kg/m3 0,000 0,556 145 180 17.5
4 25cm EPS granules 0,035 0714 10,0 145 05
5 5em Reinforced concrete (2%) 2500 0,020 a3 100 1200
6 8com Extruded polystyrene [(XPS 035) 0,035 2286 A7 Y1 28
7 1 em Cement plaster 1,400 0,007 A7 -47 20,0
Thermal contact resistance® 0,040 -5.0 -47
35 cm Whole component 3.810 4808

Fig-ure'5.17. Thermal pe}'formance of iayefs. Thermal contact resistances according
to DIN 6946[64] for the U-value calculation. Rsi=0,25 and Rse=0,04 according to

DIN 4108-3 [65] were used for moisture proofing and temperature profile.
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770 Existing outer wall - Classic thermal rehabilitation, R=364 m*K/W
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Figure 5.18. Temperature profile of the building envelope for the standard thermal
rehabilitation option
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Figure 5.19. Existing building energy balance - standard thermal rehabilitation
option

The total energy consumption resulted from the simulation is 3735 kwh/year
out of which 1002 kwh/year are for heating, 1998 kwh/year for cooling and 110
kwh/year for lighting.

BUPT



124 Extensive retrofitting of collective housing made of large prefabricated panels

5.3.4 First scenario. New situation. First option

This thermal envelope option replaced the standard polystyrene layer with
mineral wool. It results in a more environment friendly system from and LCA point,
more performant due to the increased thickness (10 cm) and thermal properties of
the material. It results in total energy consumption of 3684 kwh/year, out of which
1001 kwh/year for heating, 1948 kwh/year cooling and 110 kwh/year lighting.

770 Exizting outer wall - Propoged rehabiliation v1, RB=4,21 m*K/W
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Figure 5.20. Temperature profile of the building envelope for the first thermal
rehabilitation option

Layers (from inside to outside)

# Material A R Temperatur [*C] ‘Weight
[W/mK]  [m*K/W]  min max Jlo/m?]
Thermal contact resistance® 0,130 186 200
1 1 om Cement plaster 1,400 0,007 186 186 200
2 125ecm Reinforced concrete (2%) 2500 0,050 183 186 3000
3 Scm aerated concrete 350kg/m3 0uoga 0,556 152 183 175
4 25cm EPS granules 0,035 0714 1.2 152 05
5 5cm Reinforced concrete (2%) 2500 0,020 1.1 11.2 1200
1 10em IS0VER Integra AP Basic 0,035 2857 A7 111 no inform
ation
T 1 em Cement plaster 1.400 0,007 -48 -47 20,0
Thermal contact resistance® 0,040 -5.0 -48
37 cm Whole component 4381 =478

Figure 5.21. Thermal performance of layers. Thermal contact resistances according
to DIN 6946[64] for the U-value calculation. Rsi=0,25 and Rse=0,04 according to
DIN 4108-3 [65] were used for moisture proofing and temperature profile.
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Suppliad Energy per Weak

Emitted Energy per Week

. Senvice Hot-Water Heating
6249 kWhia
Solar Gain
ZTE22 kKWhia

. Heating
1001.5 kWhia
Transmission
TEES KWh

Transmission
35343 kKWhia

Infiltration
5.3 kWhia

Sewage
E24.9 KWhia

. Cooling
19454 kWh'a

Figure 5.22. Existing building energy balance - first thermal rehabilitation option

5.3.5 First scenario. New situation. Second option. An alternative to
standard insulation materials

This option is based on the PET insulation boards study carried out in the
previous chapter. In this case the total thickness of the boards is 15 cm in order to
achieve similar results as the mineral wool option. The total energy used is 3732
kwh/year, with 1002 kwh/year being for heating, 1995 kwh/year cooling and 110

kwh/year lighting.

770 Existing outer wall - Propose rehabilitation v2, =413 m3K/W
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Figure 5.23. Temperature profile of the building envelope for the second thermal

rehabilitation option using alternative insulation materials
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Layers (from inside to outside)

# Material A R Temperatur [*C] ‘Weight
[wimi]  [meKw] min max [kg/m?]
Thermal contact resistance® 0,130 186 200
1 1em Cement plaster 1,400 0,007 185 18.6 20,0
2 12,5 cm Reinforced concrete (2%) 2500 0,050 183 185 3000
3 5cm aerated concrete 350kg/m3 0uoga 0,556 131 183 17.5
4 25cm EPS granules 0,035 0714 11 151 05
5 5ecm Reinforced concrete (2%) 2500 0,020 1.0 111 1200
6 15ecm TIZ SOFTEX 0,054 2778 A7 11,0 3.0
T 1em Cement plaster 1,400 0,007 48 4.7 20,0
Thermal contact resistance® 0,040 -5.0 -4.8
42 cm Whola component 4,302 481.0

Figure 5.23. Thermal performance of layers. Thermal contact resistances according
to DIN 6946[64] for the U-value calculation. Rsi=0,25 and Rse=0,04 according to
DIN 4108-3 [65] were used for moisture proofing and temperature profile.

The overall results for heating and cooling are summarized in the table below:

Evelope Overall energy Heating Cooling R'min
[khw/year] [khw/year] | [khw/year] [M2K/W]
Existing building 5090 973 3368 1.35
XPS 8 cm 3735 1002 1998 3.64
Mineral wool 10cm 3684 1001 1948 4.21
PET insulation 15cm 3732 1002 1996 4.13

Table 5.2. Summarized result of thermal envelope solutions

5.3.6 Second scenario.

apartment extension

Secondary building facade. Possible

This option proposes creating a secondary fagade detached to the existing
building, replacing the existing balconies and offering structural support for a

possible future horizontal extension of the apartments.

The new main structural elements are HEA 180 beam and column profiles
which are, welded to steel endplates and connected to the existing prefabricated

panels of the building.

Figure 5.25. Concept image of the additional structure

T
W
| |
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The first stage of the construction process involves mounting the counter
pieces of the assembly inside the apartments, consisting of four 230*160*25 L-
profiles. They are connected in pairs by one M16 threaded rod that crosses the
internal diaphragm, having the role of preventing axial forces that could cause
tearing of the panels in the monolithic area. At the same time, the corners act as a
template for making the holes that will pierce the facade panels. Another 4 M16
threaded rods, perpendicular on the facade, are mounted in the previously made
holes, being fixed with mortar or chemical anchors to the concrete core of the
exterior prefabricated panels.

The second stage involves the factory welding of the 580*580*25 stee
plates (end plates) at the end of the 4 beams of the new structure perpendicular on
the building envelope. These will distribute part of the crushing forces on the surface
of the concrete facade. The large dimensions are justified by the desire to avoid
monolithic areas among the 8 prefabricated ones (4 facade panels, 2 transverse
diaphragms and 2 floors). It should be mentioned that all the other connections
between the elements that make up the new structure are thought to be rigid
connections to compensate for the non-rigid character of the connection on the face
of the block.

The third stage, the connection with the counter pieces begins with
transport of the factory-made elements to the site and their positioning on the
intended place on the facade, with the help of a crane. The end plates of the beams
are aligned with the M16 rods perpendicular to the facade, the oval holes at the
level of the plate take and correct any deviations/ error that might result during
fixing of the rods. The module is aligned in the final position, and the unevenness of
the facade is corrected with mortar (poured after fixing the element). Thus, the
apparent structure allows an easy handling of the prefabricated module on site (the
connection to the crane does not affect the thermal envelope or the finish) and
accessibility when making the connections.

The final stage involves connecting the closures and adding the new building

thermal envelope.
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To prevent thermal bridges mineral wool hardboards are placed between the
steel beams and closed with a 25mm thick wood fibreboard on the bottom face. At
the top part, a double layer of OSB boards acts as support for the flooring system:
composite decking for the outside, and for continuing the already existing indoor
system if required.

5.3.7 Third scenario. New staircase and elevator

Figure 5.27. New general floor plan of the 770 model

As mentioned above the final additional option for the thermal rehabilitation
process is redesigning the existing staircase and adding an elevator to improve
accessibility for the tenants.

The existing staircases and access routes were not designed to accom-
modate disabled inhabitants. In order to allow for a high accessibility level a new
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staircase was designed. This new staircase will replace the existing stairs made of 2
prefabricated ramps. The new staircase will have one 1.2 meters wide ramp, and an
elevator added on the exterior of the building within a metallic structure with
lightweight enclosures. In order to achieve high construction speed and low impact
on the inhabitants all the new elements are made out of steel prefabricates. The
building process will be managed to allow the inhabitants to stay in their homes
during the construction period. This will be made by building the new elevator shaft
before the demolition stars. The shaft will support a temporary stair that will allow
vertical circulation during the demolition of the existing stair and the fagade panels.
The demolition will be made with concrete cutting devices which will create small
pieces that are less dangerous to handle. This process will be a 2 stages operation
for each floor:1 the fagade element on the 4th floor will be removed, allowing the
connection to the temporary stair, 2 the stair ramps between the 3rd and the 4rd
floor will be removed. During this process the inhabitants of the 4th floor will be
accessing their homes through the temporary stair and those on the 3rd floor on the
existing one (that stopped on their floor). This process will be repeated for all the 4
floors. After the demolition the new prefabricated stair ramps will be added. They
will be supported on the existing floor slabs and on the new connected beams added
in place of the facade panels removed. When all the new stair ramps will be in
position the temporary stair will be disassembled in order to make way for the
elevator.

It is important to mention that the biggest problem with the new staircase is
user acceptability, since the degree of intrusion in the common space, but also in
the intimate one, is high. This makes this scenario a holistic one with low chances of
implementation. In order to accommodate and elevator within the 770 model the
least invasive method would be to extend the intermediary landings of the existing
staircase and connect them to the shaft. However, this option solves the problem
only halfway.
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6. CONCLUSIONS. FURTHER STUDY
DIRECTIONS. PUBLISHED RESULTS

6.1. Conclusions

The post-war period of forced urbanization led to mass migration, millions of
people from the countryside to the industrial centers developed in the new one city.
Quick and efficient solutions were sought for building housing for the citizens coming
in such large numbers to the cities. That's how we got to making block built from
large prefabs. Model projects were developed and disseminate throughout the
country, giving rise to the so-called "grey districts", in which today almost 60% of
Romania's urban population is living. Chapter three shows that these types of
repetitive flats and the constructive system used everywhere generates the same
image of neighbourhoods and of monotonous public spaces with little scope for
improvement. More than that, the small area of the apartments and the restrictive
placement of the walls makes it difficult for any architectural intervention.

The construction sector as shown in chapter two, generates a considerable
volume of waste every year, which can reach up to 40% in industrialized countries,
almost all of which comes from the rehabilitation or demolition of buildings.
Therefore, this waste is a key issue and changing the way we manage the use of
construction materials is crucial.

This is where the circular economy comes in, a system that aims to make
resource use more efficient and reduce environmental impact, while not neglecting
people's well-being. In short, when thinking about a product, we need to consider
its entire life cycle, from the design phase to the moment it can no longer be used.
According to the linear model, at the end of a life cycle products were usually
thrown away, but the circular economy proposes a new approach, in 3 steps:
reduce-reuse-recycle. Therefore, the famous motto "Nothing is lost, everything is
transformed" valid in science can easily be applied in the circular economy as well.
All over Europe, architects consider the reuse of materials by other users and the
recycling of waste as the main qualities of a circular building economy. A third of
them even expect to achieve a fully circular construction economy by 2030.

Chapter 4 shows that alternative thermal insulation solutions using recycled
material (in this case PET boards) can perform similar to standard systems,
considering thermal performance of layers and indoor air quality, and with a
significantly better impact in the end-of-life scenario. Based on the simulations
carried out on a test model, the thermal system was applied in Chapter 5 on an
apartment building with similar results.

The analysis of one of the most widespread type projects built in Romania
(project 770) seeks to reveal the problems that this particular built fund generates
at the level of the inhabitant's habitat. National and European statistical data show a
housing quality below the European average.

In this context, the commitments undertaken by Romania, regarding the
increase in energy performance, are mainly found in the thermal rehabilitation
projects of the blocks, due to the great impact they have on the population. Despite
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all the efforts made, the Thermal Rehabilitation Program is not applied on a large
scale and only partially solves the improvement of the quality of life of the residents
of the block. In the absence of other alternatives, they resort, as shown at the end
of chapter 3, to individual interventions, often at the limit of legality or the safety of
their own lives.

6.2. Further study directions

As a result of the research work carried out, the following research directions, not
explored within this thesis, must be specified:

e a complex assessment of energy consumption on an entire block extended
to the neighbourhood level, rehabilitated in an integrated manner, according
to the proposed measures;

Life cycle assessment of the integrated rehabilitation method;

Further applied experimental study using modular test models;

Based on the model design strategies, a second participation in the Solar
Decathlon Competition, involving students from different fields of study.
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158 Annexes

ANNEX 2 - TEST MODEL THERMAL AND ENERGY
SIMULATIONS BASED ON DIFFERENT ENVELOPE
SYSTEMS
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-ubakus

All statements without guarantes

Mw 1 Exterior wall
created on 13.2.2019
Thermal protection Moisture proofing Heat protection
_ Mo condensate Temperature amplitude damping: 7.2
U - UJ T WI[m‘KJ phase shift- E,?h
EnEV B - U< 24 W fmitK) Thermal capacity inside: 19,7 kJ/m=K
| |
excellent insufficient excellent insufficient excellent insufficient
T Tas - outside
Is =0
1 1 1
za0 |
= | 'f"
*5
125
e o0 |
@ Steel (125x0.6) @ External steel sheet (6 mm)

@ Internial steel sheet (5 mm)
{3) Mineral wool - ISOVER Akustic TP 1 (230 mm)

Impact of each layer and comparison to reference values

@ Cladding elements with fastening clips (45 mm)

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale

refers to an insulation of thermal conductivity 0,040 W/mk_

Mineral wool - ISOVER Akustic TP 1

0 20 40 &0 ||B0 100/ 120 140 1 80 220 240

o® p ; #ﬁa ) hﬁ\,},ﬁi& o 9‘590?%

o
EA < Ve 20 gt
Wﬁ;‘fi@“ Qﬁr\ -:-5';1 egﬂ éﬂ‘w @g\" a}j&“i -.u:at3'+
.*

Inside air 20,0°C / 40%
Outside air -5.0°C f 60%
Surface temperature s 19.9°C / -4,8°C

sd-value: 20306 m

Equivalent
insulation thickness

(WLS 040)

280 300 320 340 360 380 mm

S
W
o

qﬁ

Thickness:  41.1cm
Weight: 0 kg/m*
Heat capacity: 4T kJ/m2K

7o he MMM U-valkie acording [0 e germian ENEV 20142016 ior ire-0me IEEaton Of TEnewal of AUETVENGEn [ANage 3. Page |

Tabelie 1, Zelie 1).
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A

-ubakus

MW U=0,17 W/(m?K)

Temperature profile

Temperature profile
L

— Dew point

All statements without guarantes

0 50 100 150 200 2530 300 350 400 450
. . [mm|
Inside wwvwr.ubakus.de U0 Outside

(1) Inside air (125 mm)
(Z) Internal steel sheet (5 mm)

{

600

(3) Mineral wool - ISOVER Akustic TP _. (5) Cladding elements with fastening c...
(4) External steel shest (& mm)

Left-Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the

temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew

point, no condensation occurs. If the curves have contact, condensation occurs at the comesponding position.

Right: The component, drawn to scale.

Layers (from inside to outside)

& Material A R Temperatur [FC] Weight
Mwymk]  [mecw] min max  fg/m?]
Thermal contact resistance® 0,130 129 20,0
1 125cm Inside air 1921 20,0
125cm Steel (0,092%) 50,000 0,003 19,2 198 09
0.5cm Steel (Width: 0,06 cm) 50,000 0,000 00 200 o0
0.5cm Steel (Width: 0,06 cm) 50,000 0,000 19,2 192 oo
0,06 cm Steel (Width: 5 cm) 50,000 0,000 192 192 04
0,06cm Steel (Width: 5 om) 50,000 0.000 109 200 04
2 0.5cm Internal steel sheet 50,000 0,000 191 192 E
3 23 cm Mineral wool - ISOVER Akustic TP 1 0La40 5730 A7 19,2 neo inform
atiomn
4 0,6 cm External stesl shest 50,000 0,000 A7 A7 452
5 45cm Cladding elements with fastening clips 1200 0,038 -4.8 -47 54
Thermal contact resistance® 0.040 -5.0 -48
41,1 cm Whole companent 5943 »02

*Thermal contact resistances according to DIN 6946 for the U-value calculation. Rsi=0.25 and Rse=0,04 according to DIN

410&-3 were used for meisture proofing and temperature profile.

Surface temperature inside (min / average / max): 19,9°C 200°C  200°C

Surface temperature outside (min / average / masx): -48°C

-4.8°C

-18°C

Page 2
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“ubakus T

MW, U=0,17 W/(mK)

Moisture proofing

For the calculation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 20°C und 40% Humidity; outside: -5°C und 80% Humidity (Climate according to user input).

This component is free of condensate under the given climate conditions.

# Material sd-value Condensate Weight
[m] ka/m?]  [Gew-%]  [ka/m]

1 125cm Inside air -
125cm Steel (0,092%) 7.20 - 09
0,5cm Steel (Width: 0,06 cm) 180,00 - 00
0.5cm Steel (Width: 0,06 cm) 180,00 - 0o
0,06 cm Steel (Width: 5.cm) 1500 - 04
0.06cm Steal (Width: 5 cm) 1500 - 04
2 0.5cm Internal steel sheet 1500 - 285
3 23 cm Mineral woaol - ISOVER Akustic TP 1 023 - nio
information
4 0,6 o External steel shest 450,00 - 462
5 4.5cm Cladding elements with fastening clips 13,50 - 54
41,1 cm_ Whole component 2 03057 =02

Humidity

The temperature of the inside surface is 19.9 °C leading to a relative humidity on the surface of 40% Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

M | =

100 i B — T

—Relative humidity (%)
—saturation point

= 80 >

P

0 50 100 150 200 250 300
Inside www. ubakus.de O°C Cuside 50 600

(T} Inside air (125 mm) (Z) Mineral wool - ISOVER Akustic TP ... (5) Cladding elements with fastening ..
{2} Internal steel shest (5 mm) (4) External steel sheet (& mm)

Motes: Caleulation using the Ubakus 20-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.

Page 3
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>ubakus s o

MW, U=0,17W/(m?K)

Heatbprotection

Thebfollowingbresultsbarebpropertiesbofbthebtestedbcompenentbalonebandbdobnotbmakebanybstatementbaboutbthebheat bprotect
ofbthebentirebroom:

Temperature profile

361 (JL ———  Temperature at 2pm, 11am and 7am
345 @ (2 Temperature at Tpm, 11pm and 3am
32
= a0t @ Inside air (125 mim)
= 2g} @ Internal steel sheet (5 mm})
S 26} (3) Mineral wool - ISOVER Akustic TP 1 (230 mm)
% zab (&) External steel chest (6 mm)
B 20l (5) Cladding elements with fastening clips (45 mm)
T
= 20}
18f
16 L]
14f 2
0 50 100 150 200 250 300 350 400 430 z
: mm =
Inzide wwnw.ubakus. de Qutside
[*C] The surface temperature during the day 4
36F — Outside

34
32
20
28
26
24
232
20
18
181 L

14f Phase shift! 6/7h

12 14 16 18 20 22 24 2 4 & 8 10 12
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7pm , 11 pm and 3 am.

Bottom:Temperature on the outer ( red ) and inner ( blue ) surface in the course of a day. The arows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably oceur during the

— Inside

second half of the night.

Phase shift* 67Th Heat storage capacity (whole component): AT kdim*K
Amplitude attenuation ™ 79 Thermal capacity of inner layers: 19.7 kd/m2K
TAN 0,126

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

* The amplitude attenuation describes the attenuation of the temperature wave when passing through the component. A value of 10
means that the temperature on the outside varies 10 stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.

*4The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV =1/ amplitude attenuation

Mote: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and furniture). A single component wsually has only & very small
influence on the heat protection of the room.

The calculations presented above have been created for a 1-dimensional cross-section of the component.

Page 4
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“ubakus P

Excterior wall
sz created on 24.2.20190
Thermal protection Moisture proofing Heat protection
_ N Mo condensate Temperature amplitude damping: 8,3
U = 0,16 wymr)b phase shift- 67 h

EnEV B ¥ <0 24 W (mEK) Thermal capacity inside: 19,8 kJd/m2K
|

excellent insufficient excellent insufficient excellent insufficient
T Tes L
5O
kus de
-5 -
125
! e |

(1) steel (125x0.6) () External steel sheet (6 mm)
@ Internal steel sheet (5 mm) @ Cladding elements with fastening clips (45 mm)

(3) Mineral wool - ISOVER Akustic TP 1 (240 mm)

Impact of each layer and comparison to reference values

For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,040 W/mE

Equivalent
insulation thickness
Mineral wool - ISOVER Akustic TP 1 {WLS 040)
(i} 20 40 o0 (|80 100 120 140 Q1 80 220 240 280 3000 320 340 360 380
\:] "
o 2
0““‘ "f" “M @fb Y0 o
o dgf‘ .;Gg'&“ @Hﬁ R é-ﬁm
o e“ P ?
. '?.5'31 ‘\@Fy
Inside air - 20,0°C J 40% Thickness: 421 cm
Outside air: -5.00C f 60% sdvalue: 20306 m Weight: 0 kg/m*
Surface temperature - 199°C / -4,8°C Heat capacity: 47 kd/m2K
"Comparison 1o the madmum L-valke acconding to e german EnEv 201472016 for frei-ime Instalaton or renewal of Aullenwanden [Aniage 3, Page 1

Tabele 1, Zele 1).
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N

-ubakus

MW2, U=0,16 W/(m?K)

Temperature profile

All statements without guarantee

Temperature profils
a0l ] e
15 @
g =
2s ]
5 o :'.\. ) i
= e \ B
5 B
A0 . B ||___ |
0 50 100 150 200 250 300|350 400 450
|

Inzide weww ubakus de 7 &EIBI‘k]

(1) Inside air {125 mm)
{2) Internal steel sheet (5 mm)

q

600

(3) Mineral wool - ISOVER Akustic TP . (5) Cladding elements with fastening c...
@ External steel shest (6 mm)

Left:Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew
point, no condensation occurs. If the curves have contact, condensation occurs at the commesponding position.

Right: The componant, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [°C] ‘Weight
e O min max  fla/m?]
Thermal contact resistance® 0130 129 200
1 125 cm Inside air 19,1 20,0
125cm Steel (0,092%) 50,000 0,003 19,2 199 09
0.5cm Steel (Width: 0,06 cm) 50,000 0,000 20,0 200 oo
05cm Steel (Width: 0,06 cm) 50,000 0,000 192 192 00
0,06 cm Steel (Width: 5 cm) 50,000 0,000 192 192 04
0,06 cm Steel (Width: 5 cm) 50,000 0,000 189 00 04
2 05cm Internal steel sheat 50,000 0,000 191 192 385
3 24 cm Mineral wool - ISOVER Akustic TP 1 0,040 8,000 A7 19,2 no inform
ation
4 0,6 cm External steel shest 50,000 0,000 A7 A7 462
5 45em Cladding elements with fastening clips 1.200 0,028 -4.8 47 54
Themnal contact resistance® 0,040 5,0 -4
421 cm Whole component 6,193 >02

*Thermal contact resistances according to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN

4108-3 were used for moisture proofing and temperature profile.

Surface temperature inside (min / average / mas): 199°C  200°C  200°C

Surface temperature outside (min / average / max): -48°C

-4.8°C

-4.8°C

Page 2
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N

-ubakus st i e

M2, U=0,16W/(m>K)

Moisturebproofing

Forbthebcalculationbofbthebamountbofbcondens ationbwater bthebcomponentbwasbexposedbtobthebfollowingbeonstantbelimatabf
90bdays-binside-b20" Chundba0%bHumidity:boutside-b-5*Chundb&0%bHumidityb(Climatebaccordingbtobuserbinput).

Thisbcompenentbisbfresbofbcondensatebunderbthebgivenbelimatebeonditions.

# Material sd-value Condensate Weight
[m] Jen/m* [Gew.-%] Jleqym=]
1 125em Inside air -
125cm Steel (0,092%) 7.20 - 09
0.5 cm Steel (Width: 0,06 cm) 180,00 - 0o
05cm Steel (Width: 0,06 cm) 180,00 - oo
006 cm Steel (Width: 5 cm) 1500 - 04
0,06 cm Steel (Width: 5 cm) 1500 - 04
2 0.5cm Internal steel sheet 1500 - 385
3 24 cm Mineral woaol - ISOVER Akustic TP 1 024 - no
information
4 0,6 cm External steel sheet 450,00 - 462
5 4.5cm Cladding elements with fastening clips 13,50 - 54 E
42,1 cm_Whaole component 2.030,58 =82 S
Humidity £
The temperature of the inside surface is 19.9 *C leading te a relative humidity on the surface of 40% Mould formation is not I
expected under these conditions. E
The following figure shows the relative humidity inside the component. -';'
100 P — . ] —Relative humidity (%) £
80 @ é) @ A | —s=aturation paint x
g% 1 { outside B
=70 - 1 [ ;
5 -
E% 1 H
250 J | £
&30 1 LA L wwiwiub i
20 1 1
10 \ . 1 L I
0 o e e P | SN =
0 50 100 150 200 250 300 330 400 450 ‘ nside
Inside www_ubakus de 7°C ul[.T.r;,]a ‘5o 600 !
(T) Inside air (125 mm) (3) Mineral wool - ISOVER Akustic TP . (§) Cladding elements with fastening c._.
{(2) Internal steel shest {5 mm) {4} External steel sheet (6 mm)

Motes: Caleulation using the Ubakus 20-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
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Heatbprotection

Thebfollowingbresultsbarebpropertiesbofbthebtestedbcomponentbalonebandbdobnotbmakebanybstatementbaboutbthebheatbprotec

ofbthebentirebroom:

Temperaturs profile

26 (”) ————————  Temperature at 3pm, 11am and Tam
T
34 () 3

@ 4[5 —————  Temperature at Tpm, 11pm and 3am

— 30 AP | @ Inside air (125 mm)

£ @ Internal steel sheet (5 mm)

E 76 -’ {3} Mineral wool - ISOVER Akustic TP 1 (240 mm)
E 24 — {4) Bxternal stes| sheet (6 mm)

29 e, (3) Cladding elements with fastening clips (45 mm)

0 50 100 150 200 230 300 350 400 450
; mm|
Inzidz wwrw.ubakus.de COutside
I The surface temperature during the day
36 — Outside

3&// — Inside
32

30
28
215
24—
22
20
18
16 & X
14 Phase shift: 6.7
12 14 16 18 20 22 24 2 4 &

B 10 12
[time of day]
TopTemperature profile within the component at different times. From top to bottom, brown lines: at 2 pm. 11 am and 7 am
and red lines at 7pm, 11 pm and 3 am.
Bottomc Temperature on the outer ( red ) and inner [ blue } surface in the course of a day. The arows indicate the location of

the temperature maximum values . The maximum of the inner surface temperature should preferably occur during the
second half of the night.

Phase shift* 67h Heat storage capacity (whole component): 47 kd/m2K
Amplitude sttenuation = 8,3 Thermal capacity of inner layers: 12.8 kd/m2K
TAN 0,120

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

* The amglitude attenuaticn describes the attenuation of the temperature wave when passing through the compenent. A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. cutside 15-35 "C, inside 24-26 "C.

*=*The temperature amplitude ratio TAV is the reciprocal of the ettenuation: TAY =1 [ amplitude attenuation

Mote: The heat protection of a reom is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capecity (including floor, imterior walls and furniture). A single companent usually has only & very small
influence an the heat protection of the room.

The calculations presented above have been created for a 1-dimensional cross-section of the component.

Page 4
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A s
bakus All staternents without guarantee
PIR 1 Extarior wall
created on 13.2. 2019
Thermal protection Moisture proofing Heat protection
_ Mo condensate Temperature amplitude damping: 82
U =017 wim=) phase shift- 68 h
EnEVE U024 W/imeK) Thermal capacity inside: 21 kJ/m2K
I 4
axcellent insufficient excellent insufficient excellant insufficient
=5 = F) =
NWW.UDbakus.d
125 B
E
e e { ;
@ Steel (125x0.6) @ PIR ingulation (125 mm) @ Shingle with fastening clips (15 mm) :::
@ Internal steel shest (5 mm) @ External steal sheet (6 mim) o
&
o
B
1
Impact of each layer and comparison to reference values ]
For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale i
refers to an insulation of thermal cenductivity 0,022 W/mk. :
Equivalent ¥
- - insulation thickness =
PIR insulation (WLS 022) :
[T T T T O T .|.. .|....|....|....| ...|....|....|....|....|....|....|.. Ra
o 20 *CI ‘ ] 4 180 200 ] mm
Nl ]

o S
o R 03
Ao
< ¢ ?59;6" &eﬂ-“ a
< 'G:fﬁl *ﬂ;{‘)

Ingide air - 20,0°C f 40%
Outside air: -5,0°C J 60%
Surface temperature.: 19,9°C / -48'C

sdvalue: 2051,6 m Weight:

o
eﬁ @ - ‘Fﬁ\}
L ‘h@pﬂ“ o

Thickness: 27.6cm
92 kg/m?
Heat capacity: 46 kd/m2K

"Compari=on 10 e MM U-valle acoonding 10 e german ENEV 201472016 for Brs-ime ISEISton of renewal Of AULENGEN0en [ANSge 3. Page 1

Tapele 1, Zele 1).
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.

-ubakus

PIR 1, U=0,17 W/(m*K)

Temperature profile

Temperature profile

l

1]
Inside

(1) Inside air (125 mm)
(2) Internal steel sheet (5 mm)

50 ibo 150 200

woorwi_ubabus de

— Temperaturs
— Dew point

All statements withowt guarantee

XY

2

PP

|

L WWW.u

akus.de i

L L)
s

(3) PIR insulation (125 mm)
(d) Extemnal steel sheet (6 mm)

600

{5) Shingle with fastening clips (15 mm)

Left-Temperature and dew-point temperature at the place marked in the right figure. The dew-point indicates the
temperature, at which water vapour condensates. As long as the temperature of the component is everywhere above the dew
point, no condensation occurs. If the curves have contact, condensation occurs at the corresponding position.
Right: The component, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [*C] ‘Weight
TW/mk]  [mKwWl min max  Ta/m?]
Thermal contact resistance® 0130 129 20,0
1 125cm Inside air 191 20,0
12.5cm Steel (0.092%) 50,000 0003 192 199 09
05cm Steel (Width: 0,06 cm) 50,000 0,000 200 200 00
0.5cm Steel (Width: 0,06 cm) 50,000 0.000 192 192 0.0
0.06cm Steel (Width: 5 cm) 50,000 0.000 192 192 04
0.06cm Steel (Width: 5 cm) 50,000 0,000 199 200 04
2 0.5 cm Internal steel shest 50,000 0,000 191 192 385
3 125cm PIR insulation 0022 5682 -4.8 192 38
4 0.6 cm External steel shest 50,000 0.000 -4.8 -4.8 462
5 1.5cm Shingle with fastening clips 1200 0013 -18 -48 LF:]
Thermal contact resistance® 0,040 -5.0 -48
276 cm Whole component 5.850 o211

*Thermal contact resistances according to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN
4108-3 were used for moisture proofing and temperature profile.

Surface temperature inside (min / average / max):

Surface temperature outside (min / average / max): -4.8°C -4.8°C

199°C  200°C 200°C
-48%C

Page 2
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s
’Ubakus All staternents without guarantee
PIR 1, U=0,17 W/(m*K)
Moisture proofing
For the caleulation of the amount of condensation water, the component was exposed to the following constant climate for
90 days: inside: 20°C und 40% Humidity; outside: -5°C und 60% Humidity (Climate according to user input).
This component is free of condensate under the given climate conditions.
# Material sd-value Condensate Waight
Iml T/ [Gew.-%] e
1 125cm Inside air -
125cm Steel (0,092%) 7.20 - 09
0.5cm Steel (Width: 0,06 cm) 180,00 . 00
0.5 cm Steel (Width: 0,06 cm) 180,00 - 0o
006 cm Steel (Width: 5 cm) 1500 . 04
0,06 cm Steel (Width: 5 cm) 1500 - 04
2 0.5 cm Internal steel sheet 1500 - 385
3 125cm PIR insulation 30,00 - 38
4 06 cm External steel sheet A50,00 - 462
5 1,5 cm_Shingle with fastening clips 450 - 18
27.6 cm Whale component 2.051,63 a2 =
Humidity
The temperature of the inside surface is 19,9 *C leading to a relative humidity on the surface of 40% Mould farmation is not 2
expected under these conditions. -
The following figure shows the relative humidity inside the component. %
£
100 T T 1 —Relative humidity (%) =
90 q) | —saturation point :
g0 1
B 7o | E =
2 50 E 1 outside -]
= I £
20 i .
x
20 ] \ ¥
0 | B Ex-vu--m-v.ubakus.de[ .
a —— &
[} 50 100 150 200 | 250 31]]0 nside ;
inside wewubakusde 7 ouisde 's0 600 '
Inside air (125 mm) () PIR insulation (125 mm) (5) Shingle with fastening clips (15 mm)
@ Internal stesl sheet (5 mm) @ External steel shest (6 mm)

Motes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
wiere niot considered. The drying time may take longer under unfavorsble conditions (shading, damp / cool
sumimers) than calculated here.
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ubakus st et g

PIR 1, U=0,17 W/(m?K)

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection
of the entire room:

Temperature profile

Temperature at 3pm, 11am and Tam
@ 4 —————  Temperature at Tpm, 11pm and 3am

[
=
o=

@

[
=)

{1 Ten

@ Inside air {125 mm)

@ Internal steel sheet (5 mim)

(3) PIR insulation (125 mm)

- () External steel sheet (6 mm)

(5) shingle with fastening clips (15 mm)

]
B Y
|

[=]]
i
§

Temperature |

T
1
I

Rd B3 R R
(I

(=]
:
j

oo
Booo@m

o 50 100 150 200 250 300
Inside [mm]

wharw ubakus. de Dutside
[*C] The surface temperature during the day
36 — Qutside

34/' — Inside
32

30
28
26
241
22
201
18
16 £ Y
14 Phase shift; 6.8h
12 14 16 18 20 22 24 2 4 6 & 10 12

[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the cuter [ red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the temperature maximum values . The maximum of the inner surface temperature should preferably occur during the

second half of the night.

Phasa shift* 68h Heat storage capacity (whole component): A6 kJymaK
Amplitude attenuation = 82 Thermal capacity of inner layers: H kdymK
TAN w 0,122

* The phase shift is the time in hours after which the temperature pesk of the afternoon reaches the component interiar.

** The amplitude attenuation describes the attenuation of the temperature wave when passing through the component. A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. cutside 15-25 °C, inside 24-26 "C.

= The temperature amplitude ratioc TAV is the reciprocal of the attenuation: TAV =1 [ amplitude sttenuation

Mote: The heat protection of a reem is influenced by several factors, but eszentially by the direct solar radiation through windows and the
total amount of heat sterage capacity (including floor, interior walls and furniture). A single component usually has only & very small
influenca on the heat protection of the room.

The calculations presented abowve have been created for a 1-dimensional cross-section of the compenent.
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v
"ubakus All statemnents without guarantes
Exterior wall
PIR 2 created on 24.2. 2019
Thermal protection Maoisture proofing Heat protection
_ Mo condensate Temperature amplitude damping: 85
U =017 wimKhb phase shift: 72 h
EnEV B 4 110 24 W/im=K) Thermal capacity inside: 21 kJ/m2K
| | 4 I
excellent insufficient excellent insufficient excellent insufficient
T 115 e
G
140 /
g LoL AN /.: :-.\ ’,.I" "ik L A A L
WWW . DaKUs.d
125 (D) o
L 1 de ;
50 500 ' E
@ Steel (125x0.6) @ PIR ingulation (140 mm) @ Shingle with fastening clips (15 mm) i
(2) Internal steel sheet (5 mm) {4) External steel sheet (5 mm) -
&
B
=1
B
Impact of each layer and comparison to reference values ]
For the following figure, the thermal resistances of the individual layers were converted in millimeters insulation. The scale :
refers to an insulation of thermal conductivity 0,024 W/mk. 3
]
Equivalent ]
insulation thickness &
PIR insulation (WLS 024) o

Inside air - 20.0°C f 40% Thickness: 291 cm
Dutside air: -5,0°C / 60% sd-value: 2051,6m Weight: 93 kg/m?*
Surface temperature_: 19,9°C / -4 8'C Heat capacity: 46 kJ/m2kK
“COMmpanson 10 e Maimum U-vale ceoriing 0 ME Qemman EnEw 2014016 for ArE-ima INGEIaton Of Tenawal of AULaNEn0en [ANiage 3, Page 1
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'\ll

-ubakus

PIR 2, U=0,17 W/(m?K)

Temperature profile

Temperature profils

e

#

i} 50 100 150 200 3
Inzide wwwubakus.de U

(1) Inside air (125 mm}
(Z) Internal steel sheet (S mm)

(3) PIR insulation (140 mm)
() External steel sheet (& mm)

— Temperature
— Dew point

All statements without guarantee

L WWw.UbaKkus.de L
~ q |
- 4 .

() Shingle with fastening clips (15 mm)

Left-Temperature and dew-point temperature at the place marked in the right figure. The dew-paint indicates the
temperature, at which water vapour condensates. As long as the tempersture of the component is everywhere sbove the dew
point, no condensation occurs. If the curves have contact, condensation occurs at the cormesponding position.

Right: The compaonent, drawn to scale.

Layers (from inside to outside)

# Material A R Temperatur [*C] ‘Waight
[W/mK]  [mK/w] min max  Jka/mT]
Thermal contact resistance® 0130 199 200
1 125 cm Inside air 191 200
125¢cm Steel (0,022%) 50,000 0003 192 189 09
05cm Steel (Width: 0,06 cm) 50,000 0,000 20,0 200 oo
05cm Steel (Width: 0,06 cm) 50,000 0.000 192 192 00
0,06 cm Stesl (Width: 5 cmi) 50,000 0,000 192 192 04
0.06cm Steel (Width: 5 cm) 50,000 0.000 199 200 04
2 05cm Internal steel sheet 50,000 0,000 181 192 385
3 14cm PIR insulation 0.024 5.833 -4.8 192 42
4 06 cm External steel shest 50,000 0,000 -4.8 -48 46,2
5 1.5cm Shingle with fastening clips 1200 003 -4.8 -48 18
Thermal contact resistance® 0,040 -5,0 -48
29,1 cm_Whole component 6,001 925

*Thermal contact resistances according to DIM 5346 for the U-value calculation. Rsi=0,25 and Rse=0,04 according o DIN
4108-3 were used for moisture proofing and temperature profile.

Surface temperature inside (min / average / maux):
Surface temperature outside (min / average / max):

199°C  200°C  200°C
-48°C -4.8°c -48°C

Page 2
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N

-ubakus e st v

PIR 2, U=0,1 TW/(m>K)

Moisturebproofing

Forbthebcalculationbofbthebamountbofbcondens stionbwates bthebcomponentbwasbexposedbtobthebfol owingbeonstantbelimatabfc

‘G0bdays-binside:b20*Chbundbd0%bHumidity. boutside-h-5*Chbundb60%bHumidityb(Climatebaccordingbtobuserbinput).

Thisbcomponentbisbfresbofboondens atebunderbthebgivenbelimateboonditions.

# Material sd-value Condensate Waight
[ml] T/ [Gew.-%] [/

1 125cm Inside air -

125cm Steel (0,002%) 7.20 - 09

0.5 cm Steel (Width: 0,06 cm) 180,00 - oo

0.5cm Steel (Width: 0,06 cm) 180,00 - 0.0

0,06 cm Steel (Width: 5 cm) 1500 - 04

0,06cm Steel (Width: 5 cm) 1500 . 04
2 0.5 cm Internal steel sheet 1500 - |5
3 14 om PIR insulation 30,00 - 42
4 0.6 cm External steel shest 450,00 - 462
5 1,5 cm_ Shingle with fastening clips A,50 - i8

28,1 cm Whole component 2.051,68 925
Humidity

The temperature of the inside surface is 19,9 *C leading to a relative humidity on the surface of 40% Mould formation is not
expected under these conditions.
The following figure shows the relative humidity inside the component.

1oal T = T —Relative humidity (%)
gl @ éll @ | —saturation point
— aol . ::-:'_'.:_ |
o f
z Tor | 1
E got - 4
1 -
E 50r p - _ outsid
Sl L - : :
=2{I- R 1 ] S A A A AN A A A A LA A A A A A o, 4
2y I e WWW.UbaKus.de
i} 50 100 150 200 250 300 nside
inside wowubakusde  0C olemas 's0 600 '
(1) Inside air {125 mm) (3 PIR insulation (140 mm) (5) shingle with fastening clips (15 mm)
@ Internal steel shest (5 mm) @ External steel sheet (& mm)
Motes: Caleulation using the Ubakus 2[-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.
Page 3
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an e ubakl

“ubakus s o e

PIR 2,U=0,17W/(m3K)

Heatbprotection

Thebfallowingbresultsbarebpropertiesbofbthebtestedbcomponent balonebandbdobnotbmakebanybstatementbaboutbthebheatbprote
ofhthebentirebroom:

Tamperature profile
EL {1 ——————  Temperature at 3pm, 11am and Tam
34 @ 2 @ 4 1 —————— Temperature at 7pm, 11pm and 3am

i
e

-~ { (@ Inside air (125 mm)

— 28| 4 @ Imternal steel sheet (5 mm)

= 26 | (3 PIRinsulation (140 mm)

= 24 - | (&) Extenal steel sheet (6 mm)

B4 ‘\ | (B shingle with fastening clips (15 mm)

4] a0 100 130 200 230 300 1 -
; mm 3

Inside wwrw.ubakus de Dutside

[*C] The surface temperature during the day

EL 1 — Qutside

— Inside

18
16 < 3
14 Phage shift: 7.2h g

12 14 16 18 20 22 24 2 4 6 & 10 12

[time of day]

Top: Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm. 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.
Bottom:Temperature on the outer ( red ) and inner ( blue ) surface in the course of a day. The arows indicate the location of
the temperature maximum values - The maximum of the inner surface temperature should preferably occur during the

second half of the night.

Phase shift* 72h Heat storage capacity (whole component): 46 kJym3K
Amplitude attenuation = 85 Thermal capacity of inner layers: M kdimK
TAN = 0117

* The phase shift is the time in hours after which the temperature peak of the afternoon reaches the component interior.

** The amplitude attenuation describes the sttenuation of the temperature wave when passing through the compenent. A value of 10
means that the temperature on the outside varies 10x stronger than on the inside, e.g. cutside 15-35 "C, inside 24-26 "C.

*=The temperature amplitude ratic TAV is the reciprocal of the attenuation: TAV = 1/ amplitude attenuation

Mote: The heat protection of a room is influenced by several factors, but sssentially by the direct solar radiation through windows and the
total amount of hest storage capacity (including floor, interior walls and furniture). A single component usually has only & very small
influenca on the heat protection of the room.

The calculations presented above have been created for a 1-dimensional cross-section of the component.

Page 4
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RUUKI LIBERTA 500
xx/2017 ROtemplate

Key Values

General Project Data

Project Name: ROtemplate
City Location: Timisoara
Latitude: 45" 45' 0" N
Longitude: 217 140" E
Altitude: 650.00 m

Strusoft server
17-Feb-19 6:15:48 PM

Ciimate Data Source:
Evaluation Date:

Building Geometry Data

Gross Floor Area: 32.06 m?
Treated Floor Area: 24.60 m?
External Envelope Area: 120.93 m?
Ventilated Volume: 124.44 m?®
Glazing Ratio: 6 %

Building Shell Performance Data
Infiltration at 50Pa: 3.84 ACH

Heat Transfer Coefficients U value [W/m2K]

Building Shell Average:
Floors:

External:
Underground:
Openings:

Specific Annual Values
Net Heating Energy:

Net Cooling Energy:
Total Net Energy:
Energy Consumption:
Fuel Consumgption:
Primary Energy:

Fuel Cost:

CO, Emission:

Degree Days
Heating (HDD):
Cooling (CDD):

0.24

0.13-0.13

0.99-2.84

147.34 kWh/m?a
0.00 kWh/m?a
147.34 kWh/m?a
256.76 kWhi/m?a
210.35 kWh/m?a
770.27 kWh/m?a
- GBP/m?a
0.00 kg/m?a
2911.11

2125.18

Project Energy Balance

Supplied Energy per Week

| i
-|III||III| Mt
llllnln.,_-_,---, il

16 20 24 28 32 36

|III|||||||| :
i

-294.7

200
150
100

8

2 [kWh]

iy -
| [ﬂu [ 100
TR
: IE“['*L-J' e

Emitted Energy per Week

Thermal Blocks

Thermal Block £ones
Assigned
@ 001 SIMULATION [ 1
Total: 1

Lighting and Equipment
269.4 KWhja
. Added Latent Energy
12.5kWh/a
. Human Heat Gain
502.9 kWhia
Service Hot-Water Heating
24225 KWhia
Solar Gain
2948.3 kWha

. Heating
3624.8 KWha

. Transmission
2720.0 KWha
Infiltration

599.5 KWhia
s Ventilation
& 40%9.8 kWhia
Sewage
24225 KWha

Operation Profile | Gross Floor Area Volume
m? m?
Rezidential 32.06 | 124.44
32.06 124.44
1/6
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RUUKI LIBERTA 500
xx/2017 ROtemplate

001 SIMULATION - Key Values

Geometry Data Heat Transfer Coefficients U value [W/m3K]
Gross Floor Area: 32.06 m? Floors: -
Treated Floor Area: 24.60 m? External: 0.13-0.13
Building Shell Area: 120.93 m? Underground: -
Ventilated Volume: 124.44 m? Openings: 099 -2.84
Glazing Ratio: 6 %

Annual Supplies
Internal Temperature Heating: 3624.77 kWh
Min. (01:00 Dec. 23): 5.69 °C Cooling: 0.00 kWh
Annual Mean: 24.87 °C
Max. (14:00 Aug. 24): 60.34 °'c Peak Loads

Heating (01:00 Jan. 26): 1.50 kW
Unmet Load Hours Cooling (01:00 Jan. 01): 0.00 kw
Heating: 524 hrs/a
Cooling: 2587 hrs/a

001 SIMULATION Energy Balance

Lighting and Equipment
. 269.4 KkWhia

Supplied Energy per Week [ B Added Lalent Engray
L2947 12.5kWh/a
’ Human Heat Gain
@ 502.9 KWhia
200 Service Hot-Water Heating
I | 150 &) 2422.5 KWhia
| 0 Solar Gain
Illlllllll H ;gJ 2948.3 KWhia
|5 Heating
lllll.ll-.ru 0 @ 3624.8 KWha
8 16 2 28 32 36 40 52 [KWh]
L 0 Transmission
ﬂﬂl - ”“*W*mmuuﬂnunm {[]]]] et
|*as 0. I ‘ 1 Infiltration

150 m Ventilation

589.5 kWhia

IIMI | mu ﬂllv‘““““
ML

I ll I I ia #1250 . S?f;ﬁekwn:a

Emitted Energy per Week

Daily Temperature Profile

001 SIMULATION - March 1 ]
40 / External temperature
Min: 6.96, Max: 14.40, Avg: 10.18

/\ .- 26 /In\ernal result temperature

/ \ Min: 16.38, Max: 34 64, Avg: 22,54
/ ™

___/—\_—_' 13 [ Internal temperature range

0
0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]
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RUUKI LIBERTA 500
xx/2017 ROtemplate

001 SIMULATION - June 1 c

0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]

1001 SIMULATION - September 1 ;‘;

v

— 16

L, I L L L

001 SIMULATION - December 1

16

-10
0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]

/Z External temperature

Min: 10.41, Max: 22.22, Avg: 16.98

/Z Internal result temperature

Min: 18.06, Max: 32.86, Avg: 24.12

B Internal temperature range

Z External temperature
Min: 12.25, Max: 26.21, Avg: 19.52

/Z Internal result temperature
Min: 20.00, Max: 46.98, Avg: 29.71

B Internal temperature range

Z External temperature
Min: -0.26, Max: 3.40, Avg: 1.24

/Z Internal result temperature
Min: 13.55, Max: 20.00, Avg: 19.24

B Internal temperature range
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RUUKI LIBERTA 500
xx/2017 ROtemplate

Energy Consumption by Targets

Energy CO,
Target Name Quantity Primary Cost Emission

kWh/a kWh'a GBP/a kgla
@ Heating 3624 | 10874 | 0| 0
. Cooling 0 0 0 0
@ Service Hol-Water ' 2422 | 7267 | 0 0
o Ventilation Fans 0 0 0 0
. Lighting & Appliances 269 808 0 | 0

Total: 6316 18949 NA
Energy Quantity Primary Energy
4 4

Quantity by Target: (D G
Primary by Target
[kWh/a]0 6316 18949
E Cast CO; Eitilssh Energy Sources
nergy Cos , Emission Runawabls
Solar (Thermal & PV)
Secondary
1 . Electricity
Not Not
Applicable Applicable
4/6
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RUUKI LIBERTA 500
xx/2017 ROtemplate

Energy Consumption by Sources

Source Type

Renewable
Secondary

Energy Quantity

Quantity by Source:
Primary by Source: |

Energy CO, Emission
Source Name Quantity Primary Cost
KWhia KkWh/a GBP/a kala
@  solar (Thermal &PV) 1141 | 3425 | NA [ 0
.. Electricty 5174 15524 | - | 0
Total: 6316 18949 | NotApplicable | 0

Primary Energy

18

[KWhia]0 6316 18949

Energy Cost CO, Emission Energy Targets
: . Heating
. N ” . Service Hot-Water Heating
. Cooling
Not Not i@ \{enlnlahon Fans
Applicable Applicable @ Liohting

. Equipment

Environmental Impact

Source Type

Renewable
Secondary

St e Primary Energy CO; emission
I ) 7 KWhia . kg'a \
[ Solar (Thermal & PV) 3425 0 ‘
@@ Electiciy ' 15524 ' 0
Total: ‘ 18949 \ 0 \
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QBISS ONE
xx/2017 ROtemplate

Key Values

General Project Data
Project Name:

City Location:
Latitude:

Longitude:

Altitude:

Climate Data Source:
Evaluation Date:

Building Geometry Data
Gross Floor Area:
Treated Floor Area:
External Envelope Area:
Ventilated Volume:
Glazing Ratio:

Building Shell Performan
Infiltration at 50Pa:

Cooling (CDD):

Heat Transfer Coefficients U value [W/m2K]
ROtemplate Building Shell Average: 0.24
Timisoara Floors: -
45" 45' 0" N External: 0.13-0.13
217 140" E Underground: -
650.00 m Openings: 0.99-2.84
Strusoft server
17-Feb-19 6:22:51 PM Specific Annual Values
Net Heating Energy: 146.21 kWh/m?a
Net Cooling Energy: 0.00 kWh/m?a
32.25 m? Total Net Energy: 146.21 kWh/m?a
24.60 m? Energy Consumption: 255.83 kWh/m?a
120.93 m? Fuel Consumption: 209.44 kWh/m?a
124.44 m? Primary Energy: 767.48 kWhim?a
6 % Fuel Cost: - GBP/m?a
CO; Emission: 0.00 kg/m?a
ce Data
3.84 ACH Degree Days
Heating (HDD): 2911.11

2125.18

Supplied Energy per Week

Project Energy Balance

-||||||||||.||......,___,

T | I
oot
T 'lll"l Il -0

-294.5

1200

o
S

23

18 20 24 28 32 36 40 44 48 52 [kWh
I v
'E iiﬂgfuuﬂ]* gy 'ﬁ”ﬁ-ﬁ-«i[!ﬂm
:"'I i L J;Zg
- 250

Emitted Energy per Week

Thermal Blocks

Thermal Block

@) 001 SIMULATION
Total:

Lighting and Equipment
269.4 KWhia
. Added Latent Energy
12.5kWh/a
. Human Heat Gain
502.9 kWhia
Service Hot-Water Heating
24273 KWhia
Solar Gain
2948.3 kWha

. Heating
3597.0 kWhia

. Transmission
2691.0 KWha
Infiltration

599.6 KWhia
s Ventilation
& 4041.1 kWha
Sewage
2427.3 KkWha

Zones Operation Profile | Gross Floor Area Volume
Assigned m? m?
1 | Rezidential 32.25 | 124.44
1 32.25 124.44
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QBISS ONE
xx/2017 ROtemplate

001 SIMULATION - Key Values

Geometry Data Heat Transfer Coefficients U value [W/m3K]
Gross Floor Area: 32.25 m? Floors: -
Treated Floor Area: 24.60 m? External: 0.13-0.13
Building Shell Area: 120.93 m? Underground: -
Ventilated Volume: 124.44 m? Openings: 099 -2.84
Glazing Ratio: 6 %

Annual Supplies
Internal Temperature Heating: 3597.05 kWh
Min. (01:00 Dec. 23): 5.82 °C Cooling: 0.00 kWh
Annual Mean: 24.88 °C
Max. (14:00 Aug. 24): 60.25 °'c Peak Loads

Heating (01:00 Jan. 26): 1.50 kW
Unmet Load Hours Cooling (01:00 Jan. 01): 0.00 kw

Heating: 520 hrs/a
Cooling: 2593 hrs/a

001 SIMULATION Energy Balance

Supplied Energy per Week

Lighting and Equipment
. 269.4 KkWhia
. Added Latent Energy

04 12.5kWh/a
- 206:3 Human Heat Gain
B 020w
200 Service Hot-Water Heating
- 150 . 2427.3 KWha
lh e L 100 Solar Gain
Ill IIIII ll e 2948.3 KWhia
| Heating
llllllll-.,._- SES @ 3597.0 KWha
8 16 20 24 28 32 36 40 44 [kWh}

Transmission
- 2691.0 kWha
Infiltration

599.6 kWhia
am Ventilation
& 4041.1 kWhva

. Sewage
2427.3 KWha

"“.‘?!“U'

1L
| I

3

Ii
Uil

Emitted Energy per Week

Daily Temperature Profile

001 SIMULATION - March 1 ]
40 / External temperature
Min: 6.96, Max: 14.40, Avg: 10.18

/\ .- 26 /In\ernal result temperature

/ \ Min: 16.40, Max: 34 84, Avg: 22,54

74 B
___/—\_—_' 13 [ Internal temperature range

0
0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]
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QBISS ONE
xx/2017 ROtemplate

°C

001 SIMULATION - June 1

0
]
0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]

°’C
50

— 16

16

-10

/Z External temperature

Min: 10.41, Max: 22.22, Avg: 16.98

/Z Internal result temperature

Min: 18.10, Max: 32.80, Avg: 24.11

B Internal temperature range

Z External temperature
Min: 12.25, Max: 26.21, Avg: 19.52

/Z Internal result temperature
Min: 20.00, Max: 46.89, Avg: 29.70

B Internal temperature range

Z External temperature
Min: -0.26, Max: 3.40, Avg: 1.24

/Z Internal result temperature
Min: 13.61, Max: 20.00, Avg: 19.25

B Internal temperature range

0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]
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QBISS ONE
xx/2017 ROtemplate

Energy Consumption by Targets

Energy CO,
Target Name Quantity Primary Cost Emission

kWh/a kWh'a GBP/a kgla
. Heating 3597 10791 0 0
. Cooling 0 0 0 0
@ Service Hol-Water ' 2427 | 7281 | 0 0
o Ventilation Fans 0 0 0 0
. Lighting & Appliances 269 808 0 | 0

Total: 6293 18881 NA
Energy Quantity Primary Energy
4 4

Quantity by Target: (D EEEEESI

Primary by Target
[kWh/a]0 6293 18881

L Energy Sources
Energy Cost CO; Emission

Renewable
Solar (Thermal & PV)
Secondary
1 . Electricity
Not Not
Applicable Applicable
4/6
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QBISS ONE

xx/2017 ROtemplate

Energy Consumption by Sources

Energy CO, Emission
Source Type Source Name Quantity Primary Cost
kWha kWh/a GBP/a kala
Rerjewable . So_lar (Thermal & P\/): 1141 3423 | NA [ 0
Secondary B8 Electriciy [ 5152 | 15457 | = | 0
Total: 6293 18881 | NotApplicable | 0
Energy Quantity Primary Energy

18

Quantity by Source:

Primary by Source: | _——

kWh/a]0 6293 18881
)

Energy Cost CO, Emission Energy Targets
: . Heating
. N ” . Service Hot-Water Heating
. Cooling
Not Not i@ \{enlnlahon Fans
Applicable Applicable @ Liohting

. Equipment

Environmental Impact

Source Type Source Name Fidmary Siipy COéimasion
b | 7 | KWhia . kg/a \
Renewable . Solar (Thermal & PV) 3423 0 |
Secondary @ Electicity [ 15457 [ 0

Total: ‘ 18880 \ 0 \
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KINGSPAN BENCHMARK KARRIER

xx/2017 ROtemplate

Key Values

General Project Data

Project Name: ROtemplate
City Location: Timisoara
Latitude: 45° 45'0" N
Longitude: 21 14'0"E
Altitude: 650.00

Climate Data Source:
Evaluation Date:

Building Geometry Data

Gross Floor Area: 30.09
Treated Floor Area: 24.60
External Envelope Area: 120.93
Ventilated Volume: 124.44
Glazing Ratio: 6

Building Shell Performance Data
Infiltration at 50Pa: 384

Strusoft server
17-Feb-19 6:19:08 PM

Heat Transfer Coefficients U value [W/m2K]

Building Shell Average: 0.25

Floors: -

External: 0.13-0.13

Underground: -
m Openings: 0.99-2.84

Specific Annual Values

Net Heating Energy: 151.34 kWh/m3a

Net Cooling Energy: 0.00 kWh/m?a
m? Total Net Energy: 151.34 kWhim?3a
m? Energy Consumption: 260.52 kWhi/m?a
m? Fuel Consumption: 214.26 kWh/m?a
m? Primary Energy: 781.55 kWhim?a
%o Fuel Cost: - GBP/m?a

CO; Emission: 0.00 kg/m?a
ACH Degree Days

Heating (HDD): 2911.11

Cooling (CDD): 2125.18

Supplied Energy per Week

Project Energy Balance

il

16 2 24

R s

=293

200

o
o

0

° 83

-~
32 36 40 4 48 92 [kwh]

.gﬁﬁliiﬂﬁﬁii_ﬂ]iliﬁiﬁﬁ““
1l

|||l||"l

[

um;nnaﬂxﬂﬁfsﬂﬂisrﬁﬁﬁii EEE

I~I|; ‘T

370
50

Emitted Energy per Week

Thermal Blocks

Thermal Block

@) 001 SIMULATION
Total:

Lighting and Equipment
269.4 KWhia
. Added Latent Energy
12.5kWh/a
. Human Heat Gain
502.9 kWhia
Service Hot-Water Heating
2416.5 KWhia
Solar Gain
2948.3 kWha

. Heating
3723.2 KkWha

. Transmission
2769.2 KWha
Infiltration

612.7 KWhia
o Ventilation
= 4075.4 KWha
Sewage
2416.5 kWha

Zones Operation Profile | Gross Floor Area Volume
Assigned m? m?
1 | Rezidential 30.09 | 124.44
1 30.09 124.44
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KINGSPAN BENCHMARK KARRIER
xx/2017 ROtemplate

001 SIMULATION - Key Values

Geometry Data Heat Transfer Coefficients U value [W/m3K]
Gross Floor Area: 30.09 m? Floors: -
Treated Floor Area: 24.60 m? External: 0.13-0.13
Building Shell Area: 120.93 m? Underground: -
Ventilated Volume: 124.44 m? Openings: 099 -2.84
Glazing Ratio: 6 %

Annual Supplies
Internal Temperature Heating: 372324 kWh
Min. (01:00 Dec. 23): 4.69 °C Cooling: 0.00 kWh
Annual Mean: 25.00 °C
Max. (14:00 Aug. 23): 62.86 °'c Peak Loads

Heating (23:00 Jan. 25): 1.50 kw
Unmet Load Hours Cooling (01:00 Jan. 01): 0.00 kw
Heating: 539 hrs/a
Cooling: 2533 hrs/a

001 SIMULATION Energy Balance

Lighting and Equipment
. 269.4 KWhia
Supplied Energy per Week @ ’\’;‘S‘zi\’b':fm Energy
. Human Heat Gain
502.9 kWhia
Service Hot-Water Heating
. 2416.5 KWh/a

Lig¥ Solar Gain
l II III 2948.3 KWhia
| Heating
LLLL - I 1 . 3723.2 KWha
44 48 52 ]

28 32 36 40

w0 gp Transmiss
“'U”Hﬂ]!ﬂﬂ[ﬂmﬂi o B ezom
1T = Jofe | Infiltration

= Ventilation
& 4075.4 kWha

. Sewage
2416.5 KkWhia

U\ w M &l 612.7 kWhia

Emitted Energy per Week

Daily Temperature Profile

001 SIMULATION - March 1 ]
40 / External temperature

/\ Min: 6.96, Max: 14.40, Avg: 10.18
- 26 / Internal result temperature
/ \ Min: 16.03, Max: 36.00, Avg: 22.78
=7 N
____/\_;' 13 Internal temperature range

0
0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]
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KINGSPAN BENCHMARK KARRIER
xx/2017 ROtemplate

001 SIMULATION - June 1
Z External temperature
Min: 10.41, Max: 22.22, Avg: 16.98

7

Internal result temp
Min: 17.62, Max: 33.95, Avg: 24.30

B Internal temperature range

Z External temperature
Min: 12.25, Max: 26.21, Avg: 19.52

/Z Internal result temperature
Min: 19.42, Max: 49.08, Avg: 29.92

B Internal temperature range

001 SIMULATION - December 1
Z External temperature
Min: -0.26, Max: 3.40, Avg: 1.24

Z Internal result temperature
Min: 13.07, Max: 20.00, Avg: 19.18

B Internal temperature range

3/6
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KINGSPAN BENCHMARK KARRIER
xx/2017 ROtemplate

Energy Consumption by Targets

Energy CO,
Target Name Quantity Primary Cost Emission

kWh/a kWh'a GBP/a kgla
@ Heating 3723 | 11169 | 0| 0
. Cooling 0 0 0 0
@ service Hot-Water ' 2416 | 7249 | 0 0
o Ventilation Fans 0 0 0 0
. Lighting & Appliances 269 808 0 | 0

Total: 6409 19227 NA
Energy Quantity Primary Energy
4 4

Quantity by Target: (S GENN

Primary by Target

[KWh/a]0 6409 19227

L Energy Sources
Energy Cost CO; Emission

Renewable
Solar (Thermal & PV)
Secondary
1 . Electricity
Not Not
Applicable Applicable
4/6
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KINGSPAN BENCHMARK KARRIER
xx/2017 ROtemplate

Energy Consumption by Sources

Energy CO, Emission
Source Type Source Name Quantity Primary Cost
kWha kWh/a [ GBP/a kala
Reqewable . So_lar (Thermal & PV): 1138 3414 | NA | 0
Secondary B8 Electriciy | 5271 | 15813 | - | 0
Total: 6409 19227 | NotApplicable | 0
Energy Quantity Primary Energy

18

Quantity by Source:

Primary by Source: | EEEEEEEEEEEEEEEEEEEEEEE—
[kWh/a]0 6409 19227
Energy Cost CO, Emission Energy Targets
: . Heating
. N ” . Service Hot-Water Heating
. Cooling
Not Not @ Ventilation Fans
Applicable Applicable @ Liohting

. Equipment

Environmental Impact

Source Type Source Name Pamary Engegy ‘ €O, emission
— | ) | kWh/a | kg'a ‘
Renewable - Solar (Thermal & PV) 3414 0
Secondary .. Electricity [ 15813 [ 0
Total: 19227 ‘ 0 \
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KINGSPAN BENCHMARK KARRIER

xx/2017 ROtemplate

Key Values

General Project Data

Project Name: ROtemplate
City Location: Timisoara
Latitude: 45° 45'0" N
Longitude: 21 14'0"E
Altitude: 650.00

Climate Data Source:
Evaluation Date:

Building Geometry Data

Gross Floor Area: 30.37
Treated Floor Area: 24.60
External Envelope Area: 120.93
Ventilated Volume: 124.44
Glazing Ratio: 6

Building Shell Performance Data
Infiltration at 50Pa: 384

m

Strusoft server
17-Feb-19 6:21:03 PM

Heat Transfer Coefficients U value

Building Shell Average:
Floors:

External:
Underground:
Openings:

Specific Annual Values
Net Heating Energy:
Net Cooling Energy:

m? Total Net Energy:
m? Energy Consumption:
m? Fuel Consumption:
m? Primary Energy:
% Fuel Cost:
CO; Emission:
ACH Degree Days
Heating (HDD):

Cooling (CDD):

[W/m?K]
0.24
0.12-0.13
0.99-2.84
148.70 kWh/m?3a
0.00 kWh/m?a
148.70 kWh/m?2a
258.32 kWhi/m?a
212.14 kWh/m?a
774.97 kWhim?a
- GBP/m?a
0.00 kg/m?a
2911.11
2125.18

Supplied Energy per Week

Project Energy Balance

: :
[
i Az 42

16 20 24

|

28

32

———r—

==~ 292.5

200
150
100
50

0
36 40 44 48 52 [KWh]

n

I

T
(LI i[

O
il

Emitted Energy per Week

Lighting and Equipment
269.4 KWhia
. Added Latent Energy
12.5kWh/a
. Human Heat Gain
502.9 kWhia
Service Hot-Water Heating
2427 .6 KWhia
Solar Gain
2948.5 kWha

. Heating
3658.2 kWh/a

gm Transmission
2695.1 KWhia
Infiltration
614.4 KWh/a
am Ventilation
= 4083.0 kWha
Sewage
2427.6 KkWha

Thermal Blocks

Thermal Block

@) 001 SIMULATION
Total:

Zones Operation Profile | Gross Floor Area Volume
Assigned m? m?
1 | Rezidential 30.37 | 124.44
1 30.37 124.44

BUPT



Annexes

191

KINGSPAN BENCHMARK KARRIER
xx/2017 ROtemplate

001 SIMULATION - Key Values

Geometry Data Heat Transfer Coefficients U value [W/m3K]
Gross Floor Area: 30.37 m? Floors: -
Treated Floor Area: 24.60 m? External: 0.12-0.13
Building Shell Area: 120.93 m? Underground: -
Ventilated Volume: 124.44 m? Openings: 099 -2.84
Glazing Ratio: 6 %

Annual Supplies
Internal Temperature Heating: 3658.17 kWh
Min. (01:00 Dec. 23): 5.06 °C Cooling: 0.00 kWh
Annual Mean: 25.02 °C
Max. (14:00 Aug. 23): 62.63 °'c Peak Loads

Heating (01:00 Jan. 26): 1.50 kW
Unmet Load Hours Cooling (01:00 Jan. 01): 0.00 kw

Heating: 526 hrs/a
Cooling: 2553 hrs/a

Supplied Energy per Week

001 SIMULATION Energy Balance

s=[2925

200
150
0

%ES

0
> [KWh)

Emitted Energy per Week

. Lighting and Equipment
269.4 kWhia
. Added Latent Energy
12.5kWh/a
. Human Heat Gain
502.9 kWhia
. Service Hot-Water Heating
2427 .6 KWha
Solar Gain
2948.5 KkWhia

. Heating
3658.2 KWha

Q Transmission
2695.1 kWha
Infiltration
614.4 KWhia
= Ventilation
= 4083.0 kWha

. Sewage
2427 .6 KWha

Daily Temperature Profile

001 SIMULATION - March 1 1 e
40

=/ ~N
_____/\_413

0

0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]

/ External temperature
Min: 6.96, Max: 14.40, Avg: 10.18

/ Internal result temperature
Min: 16.13, Max: 35.92, Avg: 22.79

. Internal temperature range
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KINGSPAN BENCHMARK KARRIER
xx/2017 ROtemplate

001 SIMULATION - June 1
Z External temperature
Min: 10.41, Max: 22.22, Avg: 16.98

7

Internal result temp
Min: 17.70, Max: 33.83, Avg: 24.29

B Internal temperature range

001 SIMULATION - September 1
50 / External temperature
Min: 12.25, Max: 26.21, Avg: 19.52
4o St 33/ Internal result temperature

S S Min: 19.55, Max: 48.93, Avg: 20.94

B Internal temperature range

001 SIMULATION - December 1
Z External temperature
Min: -0.26, Max: 3.40, Avg: 1.24

/Z Internal result temperature
Min: 13.30, Max: 20.00, Avg: 19.22

B Internal temperature range

3/6
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KINGSPAN BENCHMARK KARRIER
xx/2017 ROtemplate

Energy Consumption by Targets

Energy CO,
Target Name Quantity Primary Cost Emission

kWh/a kWh/a GBP/a kgla
@ Heating 3658 | 10074 | 0| 0
. Cooling 0 0 0 0
@ Service Hol-Water ' 2427 | 7282 | 0 0
o Ventilation Fans 0 0 0 0
. Lighting & Appliances 269 808 0 | 0

Total: 6355 19065 NA
Energy Quantity Primary Energy
4 4

Quantity by Target: (DGR

Primary by Target

[KWh/a]0 6355 19065

L Energy Sources
Energy Cost CO; Emission

Renewable
Solar (Thermal & PV)
Secondary
1 . Electricity
Not Not
Applicable Applicable
4/6
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KINGSPAN BENCHMARK KARRIER
xx/2017 ROtemplate

Energy Consumption by Sources

Energy CO, Emission
Source Type Source Name Quantity Primary Cost
kWha kWh/a [ GBP/a kala
Reqewable . So_lar (Thermal & PV): 1136 3408 | NA | 0
Secondary B8 Electriciy | 5219 | 15657 | - ' 0
Total: 6355 19065 | NotApplicable | 0
Energy Quantity Primary Energy

18

Quantity by Source:
Primary by Source: |

[KWhia]0 6355 19085

Energy Cost CO, Emission Energy Targets
: . Heating
. N ” . Service Hot-Water Heating
. Cooling
Not Not @ Ventilation Fans
Applicable Applicable @ Liohting

. Equipment

Environmental Impact

Source Type Source Name Fidmary Siipy ‘ COéimasion
b I ‘ | KWhia | kga \
Renewable - Solar (Thermal & PV) 3408 0
Secondary .. Electricity [ 15657 [ 0
Total: 19065 ‘ 0 \
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ANNEX 3 - TEST MODEL DESIGN THERMAL
SIMULATION
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:\iébakus Alle Angaben ohne Gewahr

C Aul: d
ICER - Exterior wall ek om0 10008
Warmeschutz Feuchteschutz Hitzeschutz
i Kein Tauwasser p amplitudendampfung: 9,5
Rtot = 3,43 m=/w Phasenverschlebung 80h
EnEV Bestands: U<0,24 W/(m?K) Warmekapazitat innen: 28 kJ/m*K
== ——.= B =
sehr gut mangelhaft sehr gut mangelhaft sehr gut mangelhaft
ol o
g @oo*-* =
2
g
£ | 200 www ulgakus.de
50 500
30 500 &
(1) 0sB/3 (12 mm) (4) WoodFiber 1 (22 mm) (7) Luftschicht (30 mm)
(2) 0sB/3 (12 mm) (5) Luftschicht (5 mm) (8) Etemit Eterplan (5 mm) 8

(3) TIZ SOFTEX (200 mm) (&) Windbarrier

Dammwirkung einzelner Schichten und Vergleich mit Richtwerten

Fir die folgende Abbildung wurden die Warmedurch idersténde (d.h. die Dammwirkung) der einzelnen Schichten in =
Millimeter Dammstoff umgerech Die Skala bezieht sich auf einen Dammstoff der Warmeleitfahigkeit 0,040 W/mK. F
0sB/3 WoodFiber 1, Profilholz (Fichte/Tanne) g
0SB/3 Luftschicht (ruhend), Profilholz (Fichte/Tanne) ‘
Stahl, TIZ SOFTEX Luftschicht (ruhend), Sparren (Fichte) Aquivalente
‘ | Dammstoffdicke x,
| (WLS 040) 3

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 mm

<\ A
Nt 0'} A
‘\$ @ Y Y’
og‘) . \& a &Kb ‘N‘B“ﬁ
o
\&;‘9\6‘ < 6@‘ 0 3 o
€‘ ,p'& Q\)& \Yp"\s
M SN s Y
9'19 (’3” 42 "(,‘3 x\’&.@‘
& (N e e
& .,o* oV oV
weF
Raumluft: 20,0°C / 40% Dicke: 286cm
AuBenluft: -5,0°C / 60% sd-Wert: 55m Gewicht: 37 kg/m*
Oberflachentemp.: 16,5°C /-4,7°C Warmekapazitat: 52 kJ/m?*K
wmmmwa&vmmwﬁmwEmasumamm.nmnmmmmajmt. Seite 1
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‘:iébakus Alle Angaben ohne Gewahr

ICER - Exterior wall, R,,=3,43 m2K/W

Temperaturverlauf

Temperaturverlauf

——Temperatur
— Taupunkt

Temperatur [*C]
L2

=]

5=
-10- . )
0 50 100 150 200 250 [300] P

Innen www.ubakus.de * © Aulen ?
(1) 0SB/3 (12 mm) (@) WoodFiber 1 (22 mm) (@) Luftschicht (30 mm)
(2) 0SB/3 (12 mm) (5) Luftschicht (5 mm) Eternit Eterplan (5 mm)
(3) TIZ SOFTEX (200 mm) () Windbarrier
Links: Vedauf von Temperatur und Taupunkt an der in der rech Abblldung ierten Stelle. Der Taupunkt kennzelchnet
die Temp , bei der Wi d densi und T: wiirde. Sol, die T¢

an jeder Stelle lber der Taupmkttemperatur liegt, entsteht kein Tauwasser. Falls sich die beiden Kurven beriihren, féllt an
den Berithrungspunkten Tauwasser aus.
Rechts: MaBstabliche Zeichnung des Bauteils.

PODF- oder Prof Option{ab 299 § Manat zz.

Schichten (von innen nach aulen)

[
# Material A R Temperatur ['C]  Gewicht £
[w/mik]  [m*K/W] min max [kg/m?] 2
Warmeiibergangswiderstand* 0,130 16,5 20,0 g
1 1,2cm OSB/3 0,130 0,092 151 187 74 B
2 1,2cm 0SB/3 0,130 0,092 132 183 74
3 20cm TIZ SOFTEX 0,054 3704 10 178 40 2
20cm Stahl (0,11%) 50,000 0,004 43 132 22 ¥
0,06 cm Stahl (Breite: 5 cm) 50,000 0,000 33 43 06 3
0,06 cm Stahl (Breite: 5 cm) 50,000 0,000 132 141 06
4 2,2cm WoodFiber 1 0,050 0,440 -32 43 51
3cm Profilholz (Fichte/Tanne) (Breite: 3 cm) 0,140 0214 16 38 09
5 05cm Luftschicht (ruhend) 0,045 0,110 -38 -04 00
6 0,01 cm Windbarrier 0,040 0,003 -38 -14 0,0
7 3cm Luftschicht (ruhend) 0,167 0,180 -47 14 0,0
3cm Sparren (Fichte) (5,7%) 0,130 0,231 44 -1,0 10
8 0,5cm Etemit Eterplan 0,580 0,009 -48 -44 83
Warmeiibergangswiderstand* 0,040 -50 -45
28,61 cm Gesamtes Bauteil 3433 374

*Warmeibergangswiderstande gemag DIN 6946 fir die U-Wert-Berechnung. Fiir Feuchteschutz und Temperaturverlauf
wurden Rsi=0,25 und Rse=0,04 gem&R DIN 4108-3 verwendet.

Oberflachentemperatur innen (min / mittel / max): 165°C 182°C 187°C
Oberflachentemperatur auen (min / mittel / max): -48°C -47°C -45°C

Seite 2
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‘:iébakus Alle Angaben ohne Gewahr

ICER - Exterior wall, R,,=3,43 m2K/W

Feuchteschutz

Fur die Berechnung der Tauwassermenge wurde das Bauteil 90 Tage lang dem ft d Klima
innen: 20°C und 40% Luftfeuchtigkeit; auBen: -5°C und 60% Luftfeuchtigkeit (Kllma gemat Benutzeremgabe)

Unter den angenommenen Bedingungen bildet sich kein Tauwasser.

# Material sd-Wert Tauwasser Gewicht
[m] [kg/m?*] __[Gew.-%] _[kg/m?]
1 1,2cm OSB/3 1,80 - - 74
2 1,2cm OSB/3 1,80 e - 74
3 20cm TIZ SOFTEX 0,10 = 40
20 cm Stahl (0,11%) 450 - 22
0,06 cm Stahl (Breite: 5 cm) 1500 - 06
0,06 cm Stahl (Breite: 5 cm) 1500 - 06
4 22 cm WoodFiber 1 0,11 - 51
3cm Profilholz (Fichte/Tanne) (Breite: 3 cm) 1,50 - - 09
5 0,5cm Luftschicht (ruhend) 0,01 - 0,0
6 0,01 cm Windbarrier 0,03 - 0,0 %
7 3cm Luftschicht (ruhend) 0,01 0,0048 00 2
3cm Sparren (Fichte) (5,7%) 1,50 - - 10 =
8 0,5cm Etemit Eterplan 1,20 - 83 5
28,61 cm Gesamtes Bauteil 555 0 374
Luftfeuchtigkeit

Die Oberflachentemperatur auf der Raumseite betragt 16,5 °C was zu einer relativen Luftfeuchtigkeit an der Oberflache von
50% fishrt. Unter diesen Bedingungen sollte nicht mit Schimmelbildung zu rechnen sein.
Das folgende Diagramm zeigt die relative Luftfeuchtigkeit innerhalb des Bauteils.

—Relative Luftfeuchtigkeit in %

100! S
z %0 —— Séttigungsgrenze
€ 80!
70

Gewerbiiche Nutzung nur mit Plus-, PDF. oder Profi-Option{ab 299 § Manat 2z

50 T
= 40
230
220 www\uhlakus/de
10
"o 50 100 150 200 250 300 d
Innen www.ubakus.de © © m ‘50 500
(1) 0SB/3 (12mm) (4) WoodFiber 1 (22 mm) (7) Luftschicht (30 mm)
(2) 0sSB/3 (12mm) (5) Luftschicht (5 mm) Etemnit Eterplan (5 mm)
(3) TIZ SOFTEX (200 mm) () Windbarrier

Hi Berechnung mittels Ubakus 2D-FE Verfahren. Konvektion und die Kapillantat der Baustoffe wurden
meht berucklchtlgt Die Trocknungsdauer kann unter ungiinstigen Bedi feuchte/kiihle
S ) langer d als hier berech
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:\iébakus Alle Angaben ohne Gewahr

ICER - Exterior wall, R,,=3,43 m2K/W

Hitzeschutz

Die folgenden Ergebnisse sind Ei haften des hten Bauteils allein und hen keine A aber den
Hitzeschutz des gesamten Raums:

Temperaturverlauf

T
T

P um 15,11 und 7 Uhr
tur um 19, 23 und 3 Uhr

®

o=

(1) 08B/3 (12 mm)

(2) 0sB/3 (12 mm)

(3) TIZ SOFTEX (200 mm)
(4) WoodFiber 1 (22 mm)
(5) Luftschicht (5 mm)

(6) Windbarrier

(7) Luftschicht (30 mm)
Eternit Eterplan (5 mm)

]

Temperatur [*C]
> SRR

MwSt)

T T f T

0 50 100 150 200 250 300

mm|
Innen www.ubakus.de i!u&x!

299 §/Maonat 2zg

[°cl Tagesverlauf der Oberflachentemperatur
36 — AuBen
34
32
30
28
26
24
22
20
18
16 [¢ >
14 Phasenverschlebung:vs,oh
12 14 16 18 20 22 24 2 4 6 8 10 12 :
[Tageszeit] e
Obere Abbildung: Temperaturverlauf innerhalb des ils zu verschied Zei Jeweils von oben nach unten,

braune Linien: um 15, 11 und 7 Uhr und rote Linien um 19, 23 und 3 Uhr morgens.

Untere Abbildung: Temp auf der auB (rot) und i (blau) Oberflache im Verlauf eines Tages. Die schwarzen
Pfeile kennzeichnen die Lage der Temp rhéch . Das Maxil deri Oberflach solite
maglichst wahrend der zweiten Nachthélfte auftreten.

— Innen

*rofi Option {ab

Phasenverschiebung* 80h Warmespeicherfahigkeit (gesamtes Bauteil): 52 kJ/m*K
Amplitudenddmpfung** 95 Warmespeicherfahigkeit der inneren Schichten: 28 kJ/m*K
TAVE* 0,105
* DiePh hiebung gibt die Zeitd: in den an, nach der das nachmittagliche Hit: i die Bauteilinnenseite erreicht.
*+ Die Amplitudendampfung beschreibt die Abschwichung der T lle beim Durchgang durch das Bauteil. Ein Wert von 10

bed dass die auf der Aul ite 10x starker variiert, als auf der Innenseite, z.B. aulen 15-35°C, innen 24-26°C.
*** Das Temperaturamplitudenverhaltnis TAV ist der Kehrwert der Dampfung: TAV = 1/Amplitudendampfung
Hinweis: Der Hitzeschutz eines R wird von meh Faktoren beeinfk im Wesentlichen aber von der direkten Sonneneinstrahlung
durch Fenster und der an Speich (d auch FuBboden, énde und Einb /Mbbel). Ein einzelnes Bauteil
hat auf den Hitzeschutz des Raumes in der Regel nur einen sehr geringen Einfluss.

h

Die oben dargestellten B fiir einen 1-dit ionalen Querschnitt des Bauteils erstelit.

Seite 4
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200 Annexes

:\iébakus Alle Angaben ohne Gewahr

ICER - Ground floor slab i e e
Warmeschutz Feuchteschutz Hitzeschutz
Rtot = 4-66 m2K/W EE T Phasenr verschle:;::t‘!%e';d;h oo 11

2
EnEV Bestands: U<0,3 W/(m*K) Warmekapaznat innen: 28 kJ/m*K

B
sehr gut mangelhaft sehr gl} tWwW.u b ak(ﬂl\ﬁ)g@nﬁt sehr gut mangelhaft

% 200 ®

@®
~N

60 @ _

50 550

(1) 058/3(12mm) (2 BauderVAP DB (7) EPS 035 (60 mm) 3

(2) 0SB/3(12mm)  (5) TIZ SOFTEX (200 mm) 3

(3) BauderVAP DB (&) Stahl (0,2mm)

Dammuwirkung einzelner Schichten und Vergleich mit Richtwerten §

Fur die folgende Abbildung wurden die Warmedurch idersténde (d.h. die D& irkung) der einzel hichten in 3
Millimeter Démmstoff umgerechnet. Die Skala bezieht sich auf einen Démmstoff der Warmeleitfahigkeit 0,040 W/mK. -
0SB/3 :
0SB/3 f:
TIZ SOFTEX, Stahl Aquivalente .

| Dammstoffdicke 3
ERLE (WLso040)

0O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 mm

Q" $° (b \)"D"\
0 Gl
h‘\ @
@\é e"‘\ v° #;d‘\
» Al Q
"J\ \s"’ A
0‘ -‘9 ‘p\ o o »°
(,é’ e‘-‘ & \y&e'“ 0
@"’*
BN é\“& ¥e
Raumluft: 20,0°C/ 40% Dicke: 285cm
Unbeheizter Raum: -5,0°C / 60% sd-Wert: 18457 m Gewicht: 25 kg/m*
Oberflachentemp.: 17,2°C/-4,8°C Warmekapazitat: 34 kJ/m3K
'Velyenhmt Hochstwer EnEV 201472016 fur erstmaligen Einbau, Ersatz oder Emeuerung von Decken nach unten gegen Erdreich oder  Seite 1

gemall
Réume (Anlage 3, Tabele 1, Zeile 5a).
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‘:iébakus Alle Angaben ohne Gewahr

ICER - Ground floor slab, R,,;=4,66 m2K/W

Temperaturverlauf

Temperaturverlauf
208 I "] —Temperatur
i —Taupunkt
15+ ;
o B @ www.ubakus.de

[T
I N8

il

Temperatur [*C]
L2

=]

EENNNRNNENEED
IREENREE

& i

10+
0 50 100 150 200 250 i 300]

Wnen www.ubakus.de 0°C AuBen
(1) 0SB/3 (12 mm) (@) BauderVAP DB (7) EPS 035 (60 mm)
(2) 0SB/3 (12 mm) (5) TIZ SOFTEX (200 mm)
(3) BauderVAP DB (&) stahl (0,2 mm)
Links: Vedauf von Temperatur und Taupunkt an der in der rech Abblldung ierten Stelle. Der Taupunkt kennzelchnet
die Temp , bei der Wi d densi und T: wiirde. Sol, die T¢

an jeder Stelle lber der Taupmkttemperatur liegt, entsteht kein Tauwasser. Falls sich die beiden Kurven beriihren, féllt an
den Berithrungspunkten Tauwasser aus.
Rechts: MaBstabliche Zeichnung des Bauteils.

Schichten (von innen nach aulen)

# Material A R Temperatur [*C] Gewicht
[w/mik]  [m*K/W] min max [kg/m?]
Warmeiibergangswiderstand* 0,170 172 20,0
1 1,2cm OSB/3 0,130 0,092 16,1 190 74
2 1,2cm 0SB/3 0,130 0,092 146 186 74
3 0025cm BauderVAP DB 0,170 0,001 146 183 03
4 0025cm BauderVAP DB 0,170 0,001 145 183 03
5 20cm TIZ SOFTEX 0,054 3,704 34 183 40
20cm Stahl (0,10%) 50,000 0,004 71 145 16
0,06cm Stahl (Breite: 5 cm) 50,000 0,000 65 67 04
0,06 cm Stahl (Breite: 5 cm) 50,000 0,000 15,0 152 04
6 0,02cm Stahl 50,000 0,000 34 71 16
7 6cm EPS 035 0,035 1,714 -48 71 18
Warmeiibergangswiderstand* 0,170 -50 -47
28,47 cm Gesamtes Bauteil 4663 251

*Warmeiibergangswiderstande gemat DIN 6946 fiir die U-Wert-Berechnung. Fiir Feuchteschutz und Temperaturverlauf
wurden Rsi=0,25 und Rse=0,04 gemaR DIN 4108-3 verwendet.

Oberflachentemperatur innen (min / mittel / max): 172°C  186°C 19,0°C
Oberflachentemperatur auen (min / mittel / max): -48°C -48°C -47°C

Seite 2

MwSt)

PODF- oder Prof Option{ab 299 § Manat zz.

nur mit Plus

owarbiiche Nutzung
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202 Annexes

‘:iébakus Alle Angaben ohne Gewahr

ICER - Ground floor slab, R,,;=4,66 m2K/W

Feuchteschutz

Fur die Berechnung der Tauwassermenge wurde das Bauteil 90 Tage lang dem ft d Klima
innen: 20°C und 40% Luftfeuchtigkeit; auBen: -5°C und 60% Luftfeuchtigkeit (Kllma gemat Benutzeremgabe)

Unter den angenommenen Bedingungen bildet sich kein Tauwasser.

# Material sd-Wert Tauwasser Gewicht
[m] [kg/m?*] __[Gew.-%] _[kg/m?]
1 1,2cm OSB/3 1,80 - - 74
2 1,2cm O0SB/3 1,80 e - 74
3 0025cm BauderVAP DB 120,00 F 03
4 0025cm BauderVAP DB 120,00 - 03
5 20cm TIZ SOFTEX 0,10 - 40
20cm Stahl (0,10%) 450 - 16
0,06 cm Stahl (Breite: 5 cm) 1500 - 04
0,06 cm Stahl (Breite: 5 cm) 1500 - 04
6 0,02cm Stahl 1500 - 16
7 6cm EPS 035 6,00 = 18 %
28,47 cm Gesamtes Bauteil 1.84572 ~0 251 2
%
Luftfeuchtigkeit

Die Oberflachentemperatur auf der Raumseite betragt 17,2 °C was zu einer relativen Luftfeuchtigkeit an der Oberflache von
48% fuhrt. Unter diesen Bedingungen sollte nicht mit Schimmelbildung zu rechnen sein.
Das folgende Diagramm zeigt die relative Luftfeuchtigkeit innerhalb des Bauteils.

:
siol — Relative Luftfeuchtigkeit in % g
— 90 —— Sattigungsgrenze 2
& £
£ 80 3
370 www.ubakus.de 3
o :
50 ({
= 40 E
230
10 e
0 i =
0 50 100 150 200 250 300 ¥
Inen www.ubakus.de 0% m 3
(1) 0SB/3 (12mm) (8) BauderVAP DB (7) EPS 035 (60 mm)
(2) 0SB/3 (12mm) (5) TIZ SOFTEX (200 mm)
(3) BauderVAP DB (6) Stahl (0,2 mm)
Hinweise: Berech ittels Ubakus 2D-FE Verfahren. Konvektion und die Kapillaritét der Baustoffe wurden
meht befuckstchtlgt Die Trocknungsdauer kann unter ungiinstigen Bedingungen (Beschattung, feuchte/kiihle
) langer d als hier b
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:\iébakus Alle Angaben ohne Gewahr

ICER - Ground floor slab, R,,;=4,66 m2K/W

Hitzeschutz
Die fi den Ergebnisse sind Ei haften des hten Bauteils allein und hen keine A aber den
Hltzeschutz des gesamten Raums:
Temperaturverlauf
36 2 Temp um 15,11 und 7 Uhr
=]
4 (O H Temperatur um 19, 23 und 3 Uhr
32t [i2]
30} RS (1) 0SB/3 (12 mm)
il O 3
.28 e (2) 0sB/3 (12mm)
506 B, (3) BauderVAP DB
= (4) BauderVAP DB
24 =]
Exn = (5) TIZ SOFTEX (200 mm)
P -1 (6) Stahl (0,2 mm)
HE (7) EPS 035 (60 mm)
18l P
160 [ 3
| 3
14t [ "
0 50 100 150 200 250 300 "
Innen [mm] B
www.ubakus.de Aufen =
[°cl Tagesverlauf der Oberflachentemperatur :
36 — AuBen <
4 — Innen 8
32 s
30 L
28 u
26
24 &
2
20
18 -
16 ¢ )
14}  Phasenverschiebung: 7.7h =
12 14 16 18 20 22 24 2 4 6 8 10 12 3
[Tageszeit] e
Obere Abbildung: Temperaturverlauf innerhalb des ils zu verschied Zeitpunk Jeweils von oben nach unten,
braune Linien: um 15, 11 und 7 Uhr und rote Linien um 19, 23 und 3 Uhr morgens.
Untere Abbildung: Temp auf der auB (rot) und i (blau) Oberflache im Verlauf emes Tages. Die schwarzen
Pfeile kennzeichnen die Lage der Temp rhéch . Das A deri Oberflac solite
maglichst wahrend der zweiten Nachthélfte auftreten.
Phasenverschiebung* 77h Warmespeicherfahigkeit (gesamtes Bauteil): 34 kJ/m*K
Amplitudendampfung®* 11,5 Warmespeicherfahigkeit der inneren Schichten: 28 kJ/m*K
TAVE* 0,087
* DiePh hiebung gibt die Zeitd: in den an, nach der das nachmittagliche Hit: i die Bauteilinnenseite erreicht.
** Die Amplitudendampfung beschreibt die Abschwichung der Te lle beim Durchgang durch das Bauteil. Ein Wert von 10
bed dass die auf der Aul ite 10x starker variiert, als auf der Innenseite, z.B. aulen 15-35°C, innen 24-26°C.

*** Das Temperaturamplitudenverhaltnis TAV ist der Kehrwert der Dampfung: TAV = 1/Amplitudendampfung

Hinweis: Der Hitzeschutz eines Raurnen wird von h Faktoren beeinfk im Wesentlichen aber von der direkten Sonneneinstrahlung
durch Fenster und der i (d auch FuBboden, énde und Einb /Mobel). Ein einzelnes Bauteil
hat auf den Hitzeschutz des Raumes in der Regel nur einen sehrgemgen Einfluss.

Die oben dargestellten Berech fiir einen 1 ionalen Querschnitt des Bauteils erstelit.

Seite 4
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:\iébakus Alle Angaben ohne Gewahr

AuBenwand
ICER - Roof erstellt am 29.1.2023
Warmeschutz Feuchteschutz Hitzeschutz
Kein Tauwasser Temp plitudendéampfung: 18
Rtot = 5,45 m=w Phasenverschiebung: 10,0 h

Warmekapazitat innen: 33 kJ/m?K
l==:3
sehr gut mangelhaft sehr gut mangelhaft sehr gut mangelhaft

EnEV Bestand*: U<0,24 W/(m?2K)
==

120
,7\®
| 50 ®
g bak
b www.ubakus.c
6 WW upa ®lo e

70 530
(1) AGEPAN 0SB 3 PUR (12 mm) (4) BauderVAP DB (7) Dachpaneele WLG026 (120 mm)
(2) AGEPAN 0SB 3 PUR (12 mm) (5) TIZ SOFTEX (200 mm)

(3) BaudervAP DB (6) Luftschicht (50 mm)

Dammwirkung einzelner Schichten und Vergleich mit Richtwerten

Fur die folgende Abbildung den die Warmedurch iderstande (d.h. die Dammwirkung) der einzelnen Schichten in
Millimeter Dammstoff umgerech Die Skala bezieht sich auf einen Dammstoff der Warmeleitfahigkeit 0,040 W/mK.
AGEPAN 0SB 3 PUR Luftschicht (ruhend), Stahl
AGEPAN 0SB 3 PUR Dach le WLG026: Da
TIZ SOFTEX, Stahl Aquivalente
| Dammstoffdicke
(WLS 040)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 mm

® <\ O % A
a0 3 2 o¥ A
0\“:&"’ {\\&‘\ef e °; ® ‘ce*"\)
& & &
#0‘@;1‘9\&\ Q}@\ %Q& ‘\&0’\) Q‘B”
& g a6 o S o
2k PP Wi e
o & ol 2
R IR
QY B GV oV
A $°° .5‘\“' W
we o
Raumluft: 20,0°C / 50% Dicke: 395cm
AuBenluft: -5,0°C / 80% sd-Wert: 34416 m Gewicht: 41 kg/m*
Oberflachentemp.: 17,7°C /-4,8°C Warmekapazitat: 46 kJ/m?*K
Wmmmmﬁsmmmwﬁmw Einbau, Ersaiz oder Emeverung von Auftenwanden (Aniage 3, Tabele 1, Seite 1
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s
-tbakus K
ICER - Roof, Ry=5,45 m2K/W
Temperaturverlauf
Temperaturverlauf
20+ <[ . —Temperatur
18 A5 1 — Taupunkt
16+ i I
14- 23 s | aufien
= 12} 4
S ONRG) @ @ £ EY £\
5 | ,. f
e 6 H
g4 ! . |
% | | /\www /ublakus.de|
4- |
5 '
.8‘- 3
0 501001502002503003504[00] P~
Innen www.ubakus.de °C  Auten 70 530 z
(1) AGEPAN 0SB 3 PUR (12 mm) (4) BauderVAP DB (7) Dachpaneele WLG026 (120 mm) :
(2) AGEPAN 0SB 3 PUR (12 mm) (5) TIZ SOFTEX (200 mm) 8
(3) BauderVAP DB (8) Luftschicht (50 mm) s
Links: Verlauf von Temperatur und Taupunkt an der in der rechten Abbildung ierten Stelle. Der Taupunkt kennzeichnet L;
die Temperatur, bei der Wasserdampf kondensieren und T h . Solange die Temp il
an jeder Stelle iiber der Taupunkttemperatur liegt, entsteht kein Tauwasser. Falls sich die beiden Kurven beriihren, fallt an 2
den Berithrungspunkten Tauwasser aus. -
Rechts: MaBstabliche Zeichnung des Bauteils. ‘
Schichten (von innen nach aulen) 3
# Material A R Temperatur ['C]  Gewicht E
[w/mik]  [m*K/W] min max [kg/m?] h
Warmeiibergangswiderstand* 0,130 17,7 20,0 -
1 1,2cm AGEPAN 0SB 3 PUR 0,130 0,092 16,8 192 72 g
2 12cm AGEPAN 0SB 3 PUR 0,130 0,092 156 189 72 e
3 0025cm BauderVAP DB 0,170 0,001 156 187 03 z
4 0,025cm BauderVAP DB 0,170 0,001 155 186 03 ¥
5 20cm TIZ SOFTEX 0,054 3,704 73 186 8,0 3
25cm Stahl (Breite: 0,06 cm) 50,000 0,005 77 155 19
0,06cm Stahl (Breite: 7 cm) 50,000 0,000 74 75 05
0,06 cm Stahl (Breite: 7 cm) 50,000 0,000 16,1 164 05
6 5cm Luftschicht (ruhend) 0,278 0,180 68 88 0,1
7 0,1cm Dachp le WLGO26: | i 50,000 0,000 68 77 78
6,9cm Dach le WLG026: Dar 0,026 2,654 -48 77 21
5cm Dach le WLG026: Trapezblech 10,000 0,005 -48 -48 50
Warmeitbergangswiderstand* 0,040 -50 -48
39,45cm Gesamtes Bauteil 5446 409

*Warmeibergangswiderstande gemat DIN 6946 fiir die U-Wert-Berechnung. Fiir Feuchteschutz und Temperaturverlauf

wurden Rsi=0,25 und Rse=0,04 gemal DIN 4108-3 verwendet.

Oberflachentemperatur innen (min / mittel / max): 17,7°C  189°C 192°C

Oberflachentemperatur auen (min / mittel / max): -48°C -48°C

-48°C

Seite 2
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‘:iébakus Alle Angaben ohne Gewahr

ICER - ROOf, Riot=5,45 m2K/W

Feuchteschutz

Fur die Berechnung der Tauwassermenge wurde das Bauteil 90 Tage lang dem ft d Klima
innen: 20°C und 50% Luftfeuchtigkeit; auBen: -5°C und 80% Luftfeuchtigkeit. Dieses Kllma entspﬂcht DIN 4108-3.

Unter den angenommenen Bedingungen bildet sich kein Tauwasser.

# Material sd-Wert Tauwasser Gewicht
[m] [kg/m?*] __[Gew.-%] _[kg/m?]
1 1,2cm AGEPAN OSB 3 PUR 1,80 - - 72
2 1,2cm AGEPAN 0SB 3 PUR 1,80 - - 72
3 0025cm BauderVAP DB 120,00 F 03
4 0025cm BauderVAP DB 120,00 - 03
5 20cm TIZ SOFTEX 31 - 80
25cm Stahl (Breite: 0,06 cm) 360 - 19
0,06 cm Stahl (Breite: 7 cm) 1500 - 05
0,06 cm Stahl (Breite: 7 cm) 1500 - 05
6 5cm  Luftschicht (ruhend) 0,01 ~0 0,1
7 0,1 cm Dachy le WLG026: I i 1500 = 78 %
6,9 cm Dachpaneele WLG026: Dammkern 276 ~0 21 2
5cm Dach le WLG026: Trapezblech 1500 = 50 :
3945cm Gesamtes Bauteil 3.44156 ~0 409 5
Luftfeuchtigkeit

Die Oberflachentemperatur auf der Raumseite betragt 17,7 °C was zu einer relativen Luftfeuchtigkeit an der Oberflache von
58% fiihrt. Unter diesen Bedingungen sollte nicht mit Schimmelbildung zu rechnen sein.
Das folgende Diagramm zeigt die relative Luftfeuchtigkeit innerhalb des Bauteils.

—Relative Luftfeuchtigkeit in %

| \ —— Séttigungsgrenze
i

| of /3 |\

DF- oder Profi Option{ab 299 §/Manat 2z

PD:

nur mit Plus

9

www ubakus.de|

Gewerbliche Nutzun

0 50 100 150 200 250 300 350 400
[mm]

Innen wwwubakusde “C  Aien 70 530
(1) AGEPAN 0SB 3 PUR (12 mm) (4) BauderVAP DB (7) Dachpaneele WLG026 (120 mm)
(2) AGEPAN 0SB 3 PUR (12 mm) (5) TIZ SOFTEX (200 mm)
(3) BauderVAP DB (8) Luftschicht (50 mm)
Hinweise: Berech ittels Ubakus 2D-FE Verfahren. Konvektion und die Kapillaritét der Baustoffe wurden

md'n beruckstchtlgt Die Trocknungsdauer kann unter ungiinstigen Bedingungen (Beschattung, feuchte/kishle
S ) langer d. als hier berech

Seite 3
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:\iébakus Alle Angaben ohne Gewahr

ICER - Roof, R,=5,45 m?K/W

Hitzeschutz
Die fi den Ergebnisse sind Ei haften des hten Bauteils allein und hen keine A aber den
Hltzeschutz des gesamten Raums:
Temperaturverlauf
Temp um 15,11 und 7 Uhr
1 Ti tur um 19, 23 und 3 Uhr

| (1) AGEPAN 0SB 3 PUR (12 mm)
(2) AGEPAN 0SB 3 PUR (12 mm)

| (3) BauderVAP DB

| (4) BauderVAP DB

| (5) TIZ SOFTEX (200 mm)

| (®) Luftschicht (50 mm)

| (7) Dachpaneele WLG026 (120 mm)

MwSt)

0 50 1700 150 200 250 300 350 400

mm) 8
Innen www.ubakus.de AE.&;! b
[°c] Tagesverlauf der Oberflachentemperatur :
36 +  —— AuBen €
34 — Innen 8
= ;
30
28 &
26
24 g
=
20 o>
18 -
16 ¥ Y
14 Phasenverschiebung: 10.0h 1
12 14 16 18 20 22 24 2 4 6 8 10 12 3
[Tageszeit] &
Obere Abbildung: Temperaturverlauf innerhalb des ils zu verschied Zeitp Jeweils von oben nach unten,
braune Linien: um 15, 11 und 7 Uhr und rote Linien um 19, 23 und 3 Uhr morgens.
Untere Abbildung: Temp auf der auB (rot) und i (blau) Oberflache im Verlauf emes Tages. Die schwarzen
Pfeile kennzeichnen die Lage der Temp rhéch . Das A deri Oberflac solite
maglichst wahrend der zweiten Nachthélfte auftreten.
Phasenverschiebung* 100h Warmespeicherfahigkeit (gesamtes Bauteil): 46 kJ/m*K
Amplitudendampfung** 18,5 Warmespeicherfahigkeit der inneren Schichten: 33 kJ/m*K
TAVE* 0,054
* DiePh hiebung gibt die Zeitd: in den an, nach der das nachmittagliche Hit: i die Bauteilinnenseite erreicht.
** Die Amplitudendampfung beschreibt die Abschwichung der T lle beim Durchgang durch das Bauteil. Ein Wert von 10
bed dass die auf der Aul ite 10x starker variiert, als auf der Innenseite, z.B. aulen 15-35°C, innen 24-26°C.
*** Das Temperaturamplitudenverhaltnis TAV ist der Kehrwert der Dampfung: TAV = 1/Amplitudendampfung
Hinweis: Der Hitzeschutz eines R \mrd von h Faktoren beeinfk im Wesentlichen aber von der direkten Sonneneinstrahlung
durch Fenster und der i (d auch FuBboden, énde und Einb /Mbbel). Ein einzelnes Bauteil
hat auf den Hitzeschutz des Raumes in der Regel nur einen sehrgamgen Einfluss.
Die oben dargestellten Berech fiir einen 1 ionalen Querschnitt des Bauteils erstelit.

Seite 4
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ANNEX 4 — APARTMENT MODEL THERMAL AND
ENERGY SIMULATIONS BASED ON DIFFERENT
ENVELOPE SYSTEMS
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-ubahkus
770 Existing outer wall
Moisture proofing

Dries 39 days
Condensate: 82 g/m?

Thermal protection

R =1,35 mwi/w
GEG 2020 Bestand*: U<0,24 W/(m*K)

excellent insufficient excellent

10 O
50 @

25 [ S N N AR e PR Y TR

50 (3)

All statements without guarantee

Exterior wall
created on 29.1.2023

Heat protection
Temperature amplitude damping: 28

phase shift: 80 h
Thermal capacity inside: 252 kJ/m*K
insufficient excellent insufficient

270

125 WIWW ‘@)‘

‘!L'

10 S=EEReTs — \D’""'" —

(3) aerated concrete 350kg/m3 (50 mm)

(1) Cement plaster (10 mm)

(2) Reinforced concrete (125 mm) (4) EPS granules (25 mm)

Impact of each layer and comparison to reference values

bS
\ Lo

12 de
.

(5) Reinforced concrete (50 mm) £
(6) Cement plaster (10 mm)

use only with Plus._ PDF- or Piod-Opiic

For the following figure, the th | resist. of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,035 W/mK._
Reinforced concrete (2%)
aerated concrete 350kg/m3
EPS granules 8
Reinforced concrete (2%) Equivalent g
I | insulation thickness 3
(WLS 035)
0 20 40 60 80 100 120 140 160 180 200 220 mm
® o < » b 6
A i J n
N a° S o e S
Y N AR F N
< = & @ ° 2 o X
o A < T i RN S
¥ o ¥ T S
¢ B € W o @
e & o CPNE o
8
W e
o
Inside air : 20,0°C / 50% Thickness: 270cm
Outside air- -5,0°C / 80% sd-value: 174m Weight: 478 kg/m*
Surface temperature.: 162°C / -4,4°C Heat capacity: 428 kJ/m*K
*Vergleich mit dem Hochstwert gemal GEG 2020 fur erstmaligen Einbau, Ersatz oder Emeuerung von Auenwanden (Anlage 7, Zeile 1a,1b). Page 1
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“tbakus A —

770 Existing outer wall, R=1,35 m2K/W

Temperature profile

Temperature profile
20+ ? 7 777 —— Temperature
18- 7 % —— Dew point
1 2
:2_ @ 77 _/®‘ Condensate
T2 A X . (1) Cement plaster (10 mm)
S 10t X, { (2) Reinforced concrete (125 mm)
5 8 N (3) aerated concrete 350kg/m3 (50 mm)
s 2_ / | {4) EPS granules (25 mm)
g 2 / | (5) Reinforced concrete (50 mm)
= 0 : . (&) Cement plaster (10 mm)
4 G
6 :
8- / 4 ;
0 50 100 150
aida www.ubakus.de g
Temperature and dew-point temp in the p t. The dew-point indicates the temperature, at which water vapour E‘
condensates. As long as the temperature of the p is everywhere above the dew-point temperature, no 2
condensation occurs. If the curves have contact, condensation occurs at the corresponding position. £
Layers (from inside to outside) &
# Material A R Temperatur [C] Weight :g
[W/mK] m? min max kg/m? $
Thermal contact resistance* 0,130 162 200 ’:’
1 1cm Cement plaster 1,400 0,007 16,1 16,2 20,0 .
2 12,5cm Reinforced concrete (2%) 2,500 0,050 153 16,1 300,0 &
3 5cm aerated concrete 350kg/m3 0,090 0,556 69 153 175 2
4 2,5cm EPS granules 0,035 0714 -40 69 05 -
5 5cm Reinforced concrete (2%) 2,500 0,020 -43 -40 120,0 3
6 1cm Cement plaster 1,400 0,007 44 -43 200 F
Thermal contact resistance* 0,040 -50 44 °
27 cm Whole component 1,524 4780
*Thermal i ding to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN 5
4108-3 were used for moisture proofing and temperature profile. :

Surface temperature inside (min / average / max): 162°C  162°C 162°C
Surface temperatt ide (min / average / max):  -44°C  -44°C  -44°C

Page 2
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“tbakus A —

770 Existing outer wall, R=1,35 m2K/W

Moisture proofing

For the calculation of the amount of condensation water, the p t was d to the following limate for
90 days: inside: 20°C und 50% Humidity; outside: -5°C und 80% Humidity. This climate complies with DIN 4108-3.

Under these conditions, a total of 0,082 kg of condensation water per square meter is accumulated. This quantity dries in
summer in 39 days (Drying season according to DIN 4108-3:2018-10).

# Material sd-value Condensate Weight
[m] [ka/m?]  [Gew-%]  [ka/m?]

1 1cm Cement plaster 0,15 - 20,0
2 12,5cm Reinforced concrete (2%) 10,00 - 300,0
3 5cm aerated concrete 350kg/m3 025 - 175
4 25cm EPS granules 013 0,082 05
5 5cm Reinforced concrete (2%) 6,50 0,082 1200
6 1cm Cement plaster 035 - 20,0
27 cm Whole component 17,38 0,082 4780

Condensation areas

s VAT)

o Condensate: 0,082 kg/m?* Affected layers: Reinforced concrete (2%), EPS granules

Humidity :
The temperature of the inside surface is 16,2 °C leading to a relative humidity on the surface of 63%.Mould formation is not Z
expected under these conditions. o
The following figure shows the relative humidity inside the component. -
— Relative humidity (%) 2
~— saturation point &
1 Condensate 2
| (@) cement plaster (10 mm)
(2) Reinforced concrete (125 mm) r
(3) aerated concrete 350kg/m3 (50 mm) ’
1 (@) EPS granules (25 mm) 3
1 (5) Reinforced concrete (50 mm) 3
{ (&) Cement plaster (10 mm) 8
:
E
0 50 100 150 i )
Inside www.ubakus.de " Q!t";m

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unf: ble conditions (shading, damp / cool
summers) than calculated here.
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“tbakus A —

770 Existing outer wall, R=1,35 m2K/W

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection

of the entire room:
Temperature profile
LL Temp: at 3pm, 11am and 7am

34

a2 (1 @ @ 4 6 Temperature at 7pm, 11pm and 3am
=0 / ”\: (1) Cement plaster (10 mm)
28 "1 (2) Reinforced concrete (125 mm)
g 26 / (3) aerated concrete 350kg/m3 (50 mm)
® 4) EPS granules (25 mm)

24 @ EPsg
é» 39 \ (5) Reinforced concrete (50 mm)
k3 \_\\ (6) Cement plaster (10 mm)

20 VA

18

16 =1

0 50 100 150 200 250 mm]
y mm)
Inside www.ubakus.de Outside
[Fc] The surface temperature during the day
—— Outside
34 .
— Inside

32

30

28

26

24

22

20

18

16 < )

Phase shift: 8.0h

12 14 16 18 20 22 24 2 4 6 8 10 12
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom: Temperature on the outer ( red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the

values . The i of the inner surface temperature should pref ly occur during the
second half of the night.
Phase shift* 80h Heat st ity (whole ) 428 kJ/m?K
Amplitude attenuation ** 285 Thermal capacity of inner layers: 252 kJ/m?K
TAV %% 0,035
* Tnephese shnft is thehmelnhoum after which d\emmpemture peak of the aft hes the interior.
** The the wave when passing through the component. A value of 10

means that the temperature on the outside varies 10)( stmnger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.
***The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Note: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and fumiture). A single component usually has only a very small
inflt on the heat pi ion of the room.

Page 4
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EXISTING BUILDING
[Project Number] ENERGY EVALUATION

Key Values

General Project Data

Project Name: ENERGY EVALUATION Building Shell Average:
City Location: Timisoara Floors:

Latitude: 46° 21" 45" N External:

Longitude: 25° 48' 22" E Underground:

Altitude: 662.00 m Openings:

Climate Data Source: ROU_Timiso...0_IWEC.epw
Evaluation Date: 1/30/2023 4:43 AM

Net Heating Energy:
Building Geometry Data Net Coaling Energy:
Gross Floor Area: 51.6 m? Total Net Energy:
Treated Floor Area: 46.4 m? Energy Consumption:

External Envelope Area: 124.5 m? Fuel Consumption:
Ventilated Volume: 133.12 m? Primary Energy:
Glazing Ratio: 3 % Fuel Cost:
CO, Emission:
Building Shell Performance Data
Infiltration at 50Pa: 4.31 ACH Degree Days
Heating (HDD):
Cooling (CDD):

Heat Transfer Coefficients

Specific Annual Values

U value Wim3K]
3.12

2.31-2.31

0.78 -4.35

0.80 -5.11

4.93-493

20.99 kWh/m?a
72.62 kWhim?a
93.61 kWh/m?a
109.76 kWh/m?a
60.49 kWh/im?a
277.45 kWh/m?a
- GBP/m?a
5.75 kgim?a
4316.20

1298.53

Project Energy Balance

“Supplied Energy per Week }

[-354.3

200
l l _.,.-..-,-nqn;lqnq. 5

8 12 16 20 24 28 36 40 52 [kWh]
._.J.___.L._._ S - _.A_
| !!!I!l I I.I[“lli I i 1'" ||||II|||II-

23 l = _— 100
_ i \I‘ | ) I 200
300

Emitted Energy per Week }

. Lighting and Equipment
110.0 kWhia
. Added Latent Energy
23.5kWh/a
Human Heat Gain
948.1 KWhia
. Service Hot-Water Heating
638.9 kWhia
Solar Gain
2752.4 KWha
Heating
973.5 KWhia
. Transmission
1931.0 KWha

. Transmission
3231.8 KkWha
Infiltration
76.2 kWh/a

Sewage
638.9 kWhia

. Cooling
3368.6 kWhia

Thermal Blocks

Thermal Block £ONss Operation Profile ’ Sass Mot Ara ok
e rarcase B Assigned | = om | _m U
) 001 Sample Thermal Block 1 | Rezdental 51.6 133.12 \
Total: 1| 51.6 13312 |
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EXISTING BUILDING
[Project Number] ENERGY EVALUATION

Energy Consumption by Targets

Energy CO2
Target Name | Quantity | Primary Cost Emission

kWh/a ‘ kWh/a GBP/a kgla
@ Heating [ 973 | 2920 0 92
8 cooling . 3368 | 7702 0 102

@ service Hot-Water ‘ 638 | 1916 0 60 |
/enlir@)onr Frarnrs | 0 ,D 07 0
@ Lighting & Appliances 110 330 0 10
Total: 5090 | 12869 | NA 266
Energy Quantity Primary Energy
5 .

3

15

59

Quantity by Target: (D NN G
Primary by Target: il i I
[kWh/a]0 5090 12869
L Energy Sources
Energy Cost CO; Emission Rt

4
; @ External Air

Secondary
. Electricity

NotApplicable
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EXISTING BUILDING
[Project Number] ENERGY EVALUATION

Energy Consumption by Sources

Energy CO, Emission
Source Type [ Source Name | Quantity Primary Cost
‘ kWha kWh/a GBP/a kgla
Renewable ()@ External Air 4452 | 452 | NA 0
Secondary ()8 Electricity | 2805 | __ 8417 | = | 266
Total: ‘ 7257 12869 | NotApplicable | 266
Energy Quantity Primary Energy

Quantity by Source: (D

Primary by Source:

[KWhia]0 7257 12869

Energy Cost CO, Emission Energy Targets
. Heating
. Service Hot-Water Heating
. Cooling
NotApplicable i@ V‘enuvlahon Fans
- Lighting
. Equipment
100
Environmental Impact
Source Type Soiwca Name Primary Energy CO; emission |
- _ A | kwha | kga |
Renewable .. External Air 4452 0 [
Secondary @ CElectricity ' 8417 ' 266 i
Total: , 12869 \ 266 \
3/3
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.:iébakus All statements without guarantee

Exterior wall

770 Existing outer wall - Classic thermal rehabilitation _.....qon 201 2093

Thermal protection Moisture proofing Heat protection
< No condensate Temperature amplitude damping: >100
R = 3,64 mx/w phase shift: non relevant

Thermal capacity inside: 344 kJ/m*K

4 13

GEG 2020 Bestand*: U<0,24 W/(m*K)
===

excellent insufficient excellent insufficient excellent insufficient

10
80

50
25
50

350

125

10 S S S S, E g
(1) Cement plaster (10 mm) (4) EPS granules (25 mm) (7) Cement plaster (10 mm) ]
(2) Reinforced concrete (125 mm) (5) Reinforced concrete (50 mm)
(:_i) aerated concrete 350kg/m3 (50 mm) @ Extruded polystyrene (80 mm) £

Impact of each layer and comparison to reference values

use only with Plus._ PDF- or Piok-Opiic

For the following figure, the th | resi: of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of thermal conductivity 0,035 W/mK_
Reinforced concrete (2%)
aerated concrete 350kg/m3
EPS granules 4
Extruded polystyrene (XPS 035) Equivalent 3
| insulation thickness €
(WLS 035) :
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 mm
R S N
R . '\
RO ST A \yo')f @ R
9 p‘* R %,& $Y &
& & @ o &
o o < & Q
& B oS o o o
2 90F oV &P GV S
(‘,@G <« t@‘\ (\\5 o™ &\)4
& eﬁ;‘\&e\g‘p & v é,ao&*s*‘
QS“%@;*‘ AT
‘\e@é\%
Inside air : 20,0°C/ 50% Thickness: 350cm
Outside air- -5,0°C / 80% sd-value: 334 m Weight: 481 kg/m*
Surface temperature.: 184°C / -4,7°C Heat capacity: 432 kJ/m*K
"Vergleich mit dem Hochstwert gemal GEG 2020 fur erstmaligen Einbau, Ersatz oder Emeuerung von Aultenwanden (Anlage 7, Zeile 1a,1b). Page 1
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“tbakus A —

770 Existing outer wall - Classic thermal rehabilitation, R=3,64 m2K/W

Temperature profile

Temperature profile
20F 7 g 1 ——Temperature
18- s ; < — Dew point
L O ®-O |
14+ ’ : ! i
T2 £ : -+ (1) Cement plaster (10 mm)
ol [ / + (2) Reinforced concrete (125 mm)
5 8 f 1 7 (3) aerated concrete 350kg/m3 (50 mm)
s 2_ : o | (@) EPS granules (25 mm)
g 2 / ’ . (5) Reinforced concrete (50 mm)
= 0 + (6) Extruded polystyrene (80 mm)
3“ ; \ 1 (7) Cement plaster (10 mm)
3 NI |
8 S/ A g . o]
0 50 100 150 200 250 300 35[0 I
aida www.ubakus.de U0 outaide g
Temperature and dew-point temp in the p t. The dew-point indicates the temperature, at which water vapour :x
condensates. As long as the temperature of the ponent is everywhere above the dew-point temperature, no 2
condensation occurs. If the curves have contact, condensation occurs at the corresponding position. £
Layers (from inside to outside) &
Material Temperatur [C] :q
[ min max s
Thermal contact resistance* 0,130 184 200 :’
1 1cm Cement plaster 1,400 0,007 184 184 20,0 .
2 12,5cm Reinforced concrete (2%) 2,500 0,050 180 184 300,0 a
3 5cm aerated concrete 350kg/m3 0,090 0,556 145 18,0 175 2
4 2,5cm EPS granules 0,035 0714 10,0 145 05
5 5cm Reinforced concrete (2%) 2,500 0,020 98 10,0 120,0 3
6 8cm Extruded polystyrene (XPS 035) 0,035 2,286 47 98 28 ;
7 1cm Cement plaster 1,400 0,007 -47 -47 20,0 e
Thermal contact resistance* 0,040 50 -47 a
35cm Whole component 3810 4808 g
*Thermal i ding to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN E
4108-3 were used for moi proofing and temperature profile. o
Surface temperature inside (min / average / max): 184°C 184°C 184°C
Surface temperatt ide (min / ge / max): -47°C  47°C -47°C

Page 2
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“tbakus A —

770 Existing outer wall - Classic thermal rehabilitation, R=3,64 m2K/W

Moisture proofing

For the calculation of the amount of condensation water, the p t was d to the following limate for
90 days: inside: 20°C und 50% Humidity; outside: -5°C und 80% Humidity. This climate complies with DIN 4108-3.

This component is free of condensate under the given climate conditions.

# Material sd-value Condensate Weight
[m] [kg/m?] __[Gew-%] _ [kg/m?]
1 1cm Cement plaster 0,15 - 20,0
2 12,5cm Reinforced concrete (2%) 10,00 - 300,0
3 5cm aerated concrete 350kg/m3 025 = 175
4 25cm EPS granules 0,13 - 05
5 5cm Reinforced concrete (2%) 6,50 - 1200
6 8cm Extruded polystyrene (XPS 035) 16,00 - 28
T 1cm Cement plaster 035 - 200
35cm Whole component 3338 0 4808

Humidity

The temperature of the inside surface is 18,4 °C leading to a relative humidity on the surface of 55%.Mould formation is not j

expected under these conditions. 2

The following figure shows the relative humidity inside the component. g

rool B T ]| —Relative humidity (%)

90 ‘J—S @ . @ @@ ® -G ~—— saturation point 5

80/ 5 LN €

tm; / g . iig (1) Cement plaster (10 mm) §

S /\ Z—1 (2) Reinforced concrete (125 mm) &

E 60 H 7 t (3) aerated concrete 350kg/m3 (50 mm) g

50+ \ / 4 { (4) EPS granules (25 mm) B

220 i A { (5) Reinforced concrete (50 mm) B8

g 30 ‘ | (6) Extruded polystyrene (80 mm) 4

20t : [ (7) Cement plaster (10 mm) >

10 7 H

0! - - - g

0 50 100 150 200 250 300 35[0 ] .

Inside www.ubakus.de C outoide :

E

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.

Page 3
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:\iébakus All statements without guarantee

770 Existing outer wall - Classic thermal rehabilitation, R=3,64 m2K/W

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection

of the entire room:
Temperature profile
36 l_l) Temp at 3pm, 11am and 7am
£ 2) (3) {8} (5 ® A7 Temperature at 7pm, 11pm and 3am
32
= 30 = (1) Cement plaster (10 mm)
o8 (2) Reinforced concrete (125 mm)
g 2% (3) aerated concrete 350kg/m3 (50 mm)
g 24 @ EPS granules (25 mm)
g P (5) Reinforced concrete (50 mm)
© 20 - (6) Extruded polystyrene (80 mm)
1 (7) Cement plaster (10 mm)
16 | “
14 2
0 50 100 150 200 250 300 350 K_
Ineide www.ubakus.de 0.51'2'33 2
[rc] The surface temperature during the day
36 —— Outside 8
34 — Inside §
32 i
30 3
28 g
26 &
24
22 :
20 €
18 :
16 ‘ i
14 Phase shift: 13.3h f
12 14 16 18 20 22 24 2 4 6 8 10 12 S
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer ( red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the o A

p values . The i of the inner surface temp should preferably occur during the
second half of the night.
Phase shift* non rel Heat st ity (whole p ) 432 kJ/m*K
Amplitude attenuation ** 5100 Thermal capacity of inner layers: 344 kJ/m3K
TAV %% 0,002
* The phase shift is the time in hours after which the temperature peak of the aft hes the interior.
** The lituds ion describes the ion of the wave when passing through the component. A value of 10

means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.
***The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Note: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and fumiture). A single component usually has only a very small
inflt on the heat pi ion of the room.
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EXISTING BUILDING - PET
[Project Number] ENERGY EVALUATION

Key Values

General Project Data

Project Name:
City Location:
Latitude:
Longitude:
Altitude:

Climate Data Source:
Evaluation Date:

Building Geometry Data

Thermal Resistances

ENERGY EVALUATION Building Shell Average:

Timisoara Floors:

46° 21" 45" N External:

25° 48' 22" E Underground:
662.00 m Openings:

ROU_Timiso...0_IWEC.epw
1/30/2023 4:55 AM Specific Annual Values
Net Heating Energy:

Net Coaling Energy:

Gross Floor Area: 52.3 m? Total Net Energy:
Treated Floor Area: 46.4 m? Energy Consumption:
External Envelope Area: 124.5 m? Fuel Consumption:
Ventilated Volume: 133.12 m? Primary Energy:
Glazing Ratio: 3 % Fuel Cost:
CO, Emission:
Building Shell Performance Data
Infiltration at 50Pa: 4.31 ACH Degree Days
Heating (HDD):
Cooling (CDD):

R value [m2K/W]
0.46

0.43-0.43

5.90-0.23

3.75-0.20

0.20-0.20

21.61 kWh/m?a
43.08 kWh/m?a
64.69 kWh/m?a
80.52 kWh/m?a
51.46 kWhim?a
211.49 kWh/m?a
- GBP/m?a
4.89 kg/m?a
4316.20

1298.53

Project Energy Balance

“Supplied Energy per Week

ﬂl l
[ kgl
jllnllnllqlll,--pi_.,l I I ll _.,._.mllqlmllu

12 16 20 24 28

Emitted Energy per Week

Thermal Blocks

TR

=250

|

. Lighting and Equipment
110.0 kWhia
. Added Latent Energy
23.5kWh/a
Human Heat Gain
948.1 KWhia
. Service Hot-Water Heating
624.2 kWhia
Solar Gain
2752.3 KWha

. Heating
1002.5 kWhia
Transmission
814.8 kWhia

. Transmission
3520.1 KWha
Infiltration
73.6 KWh/a

Sewage
624.2 KkWhia

. Cooling
1998.3 kWhia

Thermal Block £ONss Operation Profile ’ Sass Mot Ara ok
e rarcase B Assigned | = m? | _m U
) 001 Sample Thermal Block 1 | Rezdental 52.3 133.12 \
Total: 1| | 523 13312 |
1/3
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EXISTING BUILDING - PET
[Project Number] ENERGY EVALUATION

Energy Consumption by Targets

Energy CO2
Target Name |  Quantity | Primary Cost Emission

kWh/a ‘ kWh/a GBP/a kgla
@ Heaing ‘ 1002 | 3007 0 95
8 cooling . 1998 | 4599 0 81
@ service Hot-Water ‘ 624 | 1872 0 59
g Ventilation Fans | o | 0 0 0
@ Lighting & Appliances 110 330 0 10
Total: 3735 9810 NA 226

Energy Quantity
Quantity by Target: (D NN GBI
Primary by Target:
[kWh/a]0 3735 9810

Energy Sources
Renewable
. External Air

Energy Cost CO, Emission

Secondary
. Electricity

NotApplicable
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EXISTING BUILDING - PET
[Project Number] ENERGY EVALUATION

Energy Consumption by Sources

Energy CO, Emission
Source Type [ Source Name | Quantity Primary Cost
‘ kWha kWh/a GBP/a kgla
Renewable ()@ External Air 2648 | 2648 | NA 0
Secondary ()8 Electricity | 2387 | _ne | = | 226
Total: ‘ 5035 9810 | NotApplicable | 226
Energy Quantity Primary Energy

Quantity by Source: (I D S
Primary by Source: (D

[kWh'a]0 5035 9810
Energy Cost CO, Emission Energy Targets
. Heating
. Service Hot-Water Heating
. Cooling
NotApplicable i@ V‘enuvlahon Fans
- Lighting
. Equipment
100
Environmental Impact
Source Type Source Name Primary Energy CO; emission [
- _ A | iwwa . kga |
Renewable .. External Air 2648 0 [
Secondary . Electricity [ 7164 t 556 ‘
Total: , 9809 \ 226 \
3/3
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-ubakus

770 Existing outer wall - Proposed rehabiliation v1

Thermal protection Moisture proofing

All statements without guarantee

Exterior wall
created on 29.1.2023

Heat protection

insufficient

¢ No condensate Temperature amplitude damping: >100
R =421 m=/w phase shift: non relevant
GEG 2020 B i U<0.24 W/(m?K) Thermal capacity inside: 352 kJ/m*K
= >
excellent insufficient excellent insufficient excellent
10 @
100 ®)
50 \ @
2125 . NN ¥ 3 X @
® 50 ‘."_I'.""Y-"; @\ ')f"\. o
125 (2)
10 = ),

(1) Cement plaster (10 mm)
(2) Reinforced concrete (125 mm)
(3) aerated concrete 350kg/m3 (50 mm)

(4) EPS granules (25 mm)
(5) Reinforced concrete (50 mm)

Impact of each layer and comparison to reference values

For the foll
refers to an insulation of thermal conductivity 0,035 W/mK_

mnsiae
(7) Cement plaster (10 mm)

(6) ISOVER Integra AP Basic (100 mm)

g figure, the th | resi: of the individual layers were converted in millimeters insulation. The scale

Reinforced concrete (2%)
aerated concrete 350kg/m3
EPS granules
ISOVER Integra AP Basic Equivalent
l insulation thickness
(WLS 035)
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 mm
% ( o
06
Q\k\ og'o ‘\\" (b &°
ogf‘ @ S
e‘:“ b
< 6‘ <«>‘\ @ f&'} o
W ¥ \S‘ o p
& PR " 0o
& \o"' A
e a‘ M s
e@ 6\'5‘
Inside air : 20,0°C/ 50% Thickness: 370cm
Outside air- -5,0°C / 80% sd-value: 175m Weight: 0 kg/m*
Surface temperature.: 18,6°C / -4,8°C Heat capacity: 430 kJ/m*K
"Vergleich mit dem Hochstwert gemal GEG 2020 fur erstmaligen Einbau, Ersatz oder Emeuerung von Aultenwanden (Anlage 7, Zeile 1a,1b). Page 1

use only with Plus._ PDF- or Piok-Opiic

Commearca
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“tbakus A —

770 Existing outer wall - Proposed rehabiliation v1, R=4,21 m2K/W

Temperature profile
Temperature profile
20F = T J—L 1 ——Temperature
18+ 7 N ) | < —— Dew point
o N U @ |- ©® () | e
14+ P i
T 12 / ; : { -+ (1) Cement plaster (10 mm)
el [ S = < (2) Reinforced concrete (125 mm)
5 8 { 7 (3) aerated concrete 350kg/m3 (50 mm)
s 2_ - ; | (@) EPS granules (25 mm)
g 2 X = . (5) Reinforced concrete (50 mm)
= 0 4 A -+ (6) ISOVER Integra AP Basic (100 mm)
3“ ’ / g ‘/ 4 1 (7) Cement plaster (10 mm)
5 9 i
8 <N / 1
0 50 100 150 200 250 300 350 i 40]0
aida www.ubakus.de taide g
Temperature and dew-point temp in the p t. The dew-point indicates the temperature, at which water vapour ‘u
condensates. As long as the temperature of the ponent is everywhere above the dew-point temperature, no 2
condensation occurs. If the curves have contact, condensation occurs at the corresponding position. £
Layers (from inside to outside) &
Material Temperatur [C] Weight :q
min %
Thermal contact resistance* ' 0,130 186 200 :’
1 1cm Cement plaster 1,400 0,007 186 186 20,0 .
2 12,5cm Reinforced concrete (2%) 2,500 0,050 183 186 300,0 a
3 5cm aerated concrete 350kg/m3 0,090 0,556 152 183 175 2
4 2,5cm EPS granules 0,035 0714 12 152 05 -
5 5cm Reinforced concrete (2%) 2,500 0,020 1,1 112 1200 3
6 10cm ISOVER Integra AP Basic 0,035 2,857 47 11,1 noinform ;
ation e
7 1cm Cement plaster 1,400 0,007 -48 -47 20,0 2
Thermal contact resistance* 0,040 -50 -48 s
37 cm Whole component 4381 >478 E
*Thermal i ding to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN S
4108-3 were used for moi proofing and temp profile.
Surface temperature inside (min / average / max): 186°C 186°C 186°C
Surface temperatt ide (min / ge / max): -48°C  -48°C -48°C
Page 2

BUPT



Annexes 225

“tbakus A —

770 Existing outer wall - Proposed rehabiliation v1, R=4,21 m2K/W

Moisture proofing

For the calculation of the amount of condensation water, the p t was d to the following limate for
90 days: inside: 20°C und 50% Humidity; outside: -5°C und 80% Humidity. This climate complies with DIN 4108-3.

This component is free of condensate under the given climate conditions.

# Material sd-value Condensate Weight
[m] [kg/m?] __[Gew-%] _ [kg/m?]
1 1cm Cement plaster 0,15 - 20,0
2 12,5cm Reinforced concrete (2%) 10,00 - 300,0
3 5cm aerated concrete 350kg/m3 025 = 175
4 25cm EPS granules 0,13 - 05
5 5cm Reinforced concrete (2%) 6,50 - 1200
6 10cm ISOVER Integra AP Basic 0,10 - no
information
7 1cm Cement plaster 035 - 20,0
37 cm Whole component 1748 0 >478

Humidity £

The temperature of the inside surface is 18,6 °C leading to a relative humidity on the surface of 55%.Mould formation is not A

expected under these conditions. £

The following figure shows the relative humidity inside the component. £

ool PR 7 S i% ] — Relative humidity (%)

90 1 @ @ @ @ @ 7 — saturation point ;

= 80 4 N :

% 70 7 = (1) Cement plaster (10 mm) &

g ’ A=, (2) Reinforced concrete (125 mm) 2

§ 50:’ H / : | (3) aerated concrete 350kg/m3 (50 mm) i

S 50¢ ; PN / (4) EPS granules (25 mm) &

2 40 : / / ¢ (5) Reinforced concrete (50 mm) r

i 30 _ £ (6) ISOVER Integra AP Basic (100 mm)

20 : (7) Cement plaster (10 mm) ¥

10 i, |

0. PRI A /A :-

0 50 100 150 200 250 300 350 400 a

Inside www.ubakus.de 0°c Q[n".‘m E

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unf: ble conditions (shading, damp / cool
summers) than calculated here.
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:\iébakus All statements without guarantee

770 Existing outer wall - Proposed rehabiliation v1, R=4,21 m2K/W

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection

of the entire room:
Temperature profile
36 lL Temp at 3pm, 11am and 7am
B 1) 0 @@ 6| ® A Temperature at 7pm, 11pm and 3am
32
= 30 H (1) Cement plaster (10 mm)
o8 (2) Reinforced concrete (125 mm)
g 2% (3) aerated concrete 350kg/m3 (50 mm)
g 24 @ EPS granules (25 mm)
g 2 (5) Reinforced concrete (50 mm)
€ 20 i (6) ISOVER Integra AP Basic (100 mm)
1 (7) Cement plaster (10 mm)
16 I g
14 E
0 50 100 150 200 250 300 350 400 K,
Ineide www.ubakus.de 0.51'2'33 2
[rc] The surface temperature during the day
36 — Outside -
34 — Inside
32
30 g
28 g
26 &
24
22 :
20 £
18 :
16 : .
14 Phase shift 13.2h
12 14 16 18 20 22 24 2 4 6 8 10 12 S
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer ( red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the o A

p values . The i of the inner surface temp should preferably occur during the
second half of the night.
Phase shift* non rel Heat st ity (whole p ) 430 kJ/m*K
Amplitude attenuation ** 5100 Thermal capacity of inner layers: 352 kJ/m?K
TAV %% 0,002
e * The phase shift is the time in hours after which the temperature peak of the aft hes the interior.
** The lituds ion describes the ion of the wave when passing through the component. A value of 10

means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.
***The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Note: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and fumiture). A single component usually has only a very small
inflt on the heat pi ion of the room.
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227

EXISTING BUILDING - isulation option 1

[Project Number] ENERGY EVALUATION

Key Values

General Project Data

Project Name: ENERGY EVALUATION

City Location: Timisoara
Latitude: 46° 21" 45" N
Longitude: 25° 48' 22" E
Altitude: 662.00 m

Climate Data Source: ROU_Timiso...0_IWEC.epw

Evaluation Date: 1/30/2023 4:46 AM
Building Geometry Data

Gross Floor Area: 52.5 m?
Treated Floor Area: 46.4 m?
External Envelope Area: 124.5 m?
Ventilated Volume: 133.12 m?
Glazing Ratio: 3 %

Building Shell Performance Data
Infiltration at 50Pa: 4.31 ACH

Heat Transfer Coefficients
Building Shell Average:
Floors:

External:

Underground:

Openings:

Specific Annual Values
Net Heating Energy:

Net Coaling Energy:
Total Net Energy:
Energy Consumption:
Fuel Consumption:
Primary Energy:

Fuel Cost:

CO, Emission:

Degree Days
Heating (HDD):
Cooling (CDD):

U value Wim3K]
2.19

2.31-2.31

0.17 -4.35

0.25-5.11

4.93-493

21.59 kWh/m?a
42.01 kWhim?a
63.60 kWh/m?a
79.44 kWh/m?a
51.10 kWh/m?a
208.96 kWh/m?a
- GBP/m?a
4.85 kgim?a
4316.20

1298.53

Project Energy Balance

“Supplied Energy per Week

jllnllqllulllq-uﬂ-, “I IlllIl_.,._.-q-llqlmln;
'

12 16 20 24 28 36 40

Emitted Energy per Week

T@WWWWWHPi

1250

|

. Lighting and Equipment
110.0 kWhia
. Added Latent Energy
23.5kWh/a
Human Heat Gain
948.1 KWhia
. Service Hot-Water Heating
624.9 kWhia
Solar Gain
2752.2 KWha

. Heating
1001.5 kWhia
. Transmission
788.5 KWh/a

. Transmission
3534.3 kWhia
Infiltration
75.3kWh/a
Sewage
624.9 kWhia

. Cooling
1948 .4 kWha

Thermal Blocks

Thermal Block £ONss Operation Profile ’ Sass Mot Ara ok
e rarcase B Assigned | = om | _m U
) 001 Sample Thermal Block 1 | Rezdental 52.5 133.12 \
Total: 1| | 525 13312 |
1/3
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EXISTING BUILDING - isulation option 1
[Project Number] ENERGY EVALUATION

Energy Consumption by Targets

Energy CO2
Target Name |  Quantity | Primary Cost Emission

kWh/a ‘ kWh/a GBP/a kgla
@ Heating ‘ 1001 | 3004 0 95
8 cooling . 1948 | 4483 0 60
@ service Hot-Water ‘ 624 | 1874 0 59
g Ventilation Fans | o | 0 0 0
@ Lighting & Appliances 110 330 0 10
Total: 3684 9692 NA 225

Energy Quantity Primary Energy

2 3

13 20

Quantity by Target: (D SNEENS GHDI

Primary by Target:

[KWh/a]0 3684 9692

Energy Sources
Renewable
. External Air

Energy Cost CO, Emission

Secondary
. Electricity

NotApplicable
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EXISTING BUILDING - isulation option 1
[Project Number] ENERGY EVALUATION

Energy Consumption by Sources

Energy CO, Emission
Source Type [ Source Name | Quantity Primary Cost
‘ kWha kWh/a GBP/a kgla
Renewable ()@ External Air 2582 | 2582 | NA 0
Secondary ()8 Electricity | 2370 | _710 | = | 225
Total: ‘ 4952 9692 | NotApplicable | 225
Energy Quantity Primary Energy

Quantity by Source: (D S
Primary by Source: (D S

[kWh/a]0 4952 9692
Energy Cost CO, Emission Energy Targets
. Heating
. Service Hot-Water Heating
. Cooling
NotApplicable i@ V‘enuvlahon Fans
- Lighting
. Equipment
100
Environmental Impact
Source Type Soiwca Name Primary Energy CO; emission |
- _ A | kwha | kg2 |
Renewable .. External Air 2582 0 [
Secondary @ Electricity ' 7110 ' 225 i
Total: , 9692 \ 225 \
3/3
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\

-ubakus i o

770 Existing outer wall - Propose rehabilitation v2 PN
Thermal protection Moisture proofing Heat protection
R =413 miow o condensae b e

Thermal capacity inside: 351 kJ/m*K
>
excellent insufficient excellent insufficient excellent insufficient

GEG 2020 Bestand*: U<0,24 W/(m?K)
S=————4

10
150

o |50

< |25

50
125 -
10 o T
(1) Cement plaster (10 mm) (4) EPS granules (25 mm) (7) Cement plaster (10 mm) =
(2) Reinforced concrete (125 mm) (5) Reinforced concrete (50 mm) g
(3) aerated concrete 350kg/m3 (50 mm) (&) TIZ SOFTEX (150 mm)

Impact of each layer and comparison to reference values

use only with Plus._ PDF- or Piok-Opiic

For the following figure, the th | resi: of the individual layers were converted in millimeters insulation. The scale
refers to an insulation of th | ductivity 0,040 W/mK_
Reinforced concrete (2%)
aerated concrete 350kg/m3
EPS granules Equivalent ]
insulation thickness g
TIZ SOFTEX (WLS 040) 3

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 mm

O ‘<\ o Nl ‘l\
W0 g e S
N N R
& ° & Qé\ﬁyb Y “a“’
o P T <
W b 0% o g X
0 W )
2 8 @e‘\q‘m‘\ W g P 0.,0@
& & «,’3“‘\ o« o éﬁ‘ K
[ @‘6 ,(S* ) '54\>\ i
B 0&99\)
Inside air : 20,0°C/ 50% Thickness: 42,0cm
Outside air- -5,0°C / 80% sd-value: 324 m Weight: 481 kg/m*
Surface temperature.: 18,6°C / -4,8°C Heat capacity: 431 kJ/m*K
Vergheich mit dem Hochsiwert gemais GEG 2020 fur erstmaligen Einbau, Ersatz oder Emeuerung von Aulienwanden (Anlage 7, Zeike 13, 1), Page 1
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“tbakus A —

770 Existing outer wall - Propose rehabilitation v2, R=4,13 m2K/W

Temperature profile

Temperature profile

20F T T Jg "1 ——Temperature

18- <+ — Dew point

16! ®| @

14+
T 12+ -+ (1) Cement plaster (10 mm)
=10 LE A7 | + (2) Reinforced concrete (125 mm)
8- ; ~—~ i (3) aerated concrete 350kg/m3 (50 mm)

*C

@
5 A 1
s 2_ 2 —~ | (@) EPS granules (25 mm)
g 2 . : . (5) Reinforced concrete (50 mm)
=~ 0 . 4 @TIZSOFI'EX(‘ISOrrI‘n)

3“ 1 (7) Cement plaster (10 mm)

5 =

8 ; : |

0 50 100 150 200 250 300 350 400 i 45(])

Inside www.ubakus.de 0°C  ouroide g
Temperature and dew-point temp in the p t. The dew-point indicates the temperature, at which water vapour ‘u
condensates. As long as the temperature of the ponent is everywhere above the dew-point temperature, no 2
condensation occurs. If the curves have contact, condensation occurs at the corresponding position. £
Layers (from inside to outside) &

Material Temperatur [*C] :q

[ min max S

Thermal contact resistance* 0,130 186 200 :’

1 1cm Cement plaster 1,400 0,007 185 186 20,0 .
2 12,5cm Reinforced concrete (2%) 2,500 0,050 183 185 300,0 a
3 5cm aerated concrete 350kg/m3 0,090 0,556 151 183 175 2
4 2,5cm EPS granules 0,035 0714 1.1 151 05 -
5 5cm Reinforced concrete (2%) 2,500 0,020 110 111 120,0 3
6 15cm TIZ SOFTEX 0,054 2,778 47 11,0 30 ;
7 1cm Cement plaster 1,400 0,007 -48 -47 20,0 e
Thermal contact resistance* 0,040 50 -48 i

42 cm Whole component 4,302 4810 s
*Thermal i ding to DIN 6946 for the U-value calculation. Rsi=0,25 and Rse=0,04 according to DIN E
4108-3 were used for moi proofing and temperature profile. o

Surface temperature inside (min / average / max): 186°C 186°C 186°C
Surface temperatt ide (min / ge / max): -48°C -48°C -48°C

Page 2
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“tbakus A —

770 Existing outer wall - Propose rehabilitation v2, R=4,13 m2K/W

Moisture proofing

For the calculation of the amount of condensation water, the p t was d to the following limate for
90 days: inside: 20°C und 50% Humidity; outside: -5°C und 80% Humidity. This climate complies with DIN 4108-3.

This component is free of condensate under the given climate conditions.

# Material sd-value Condensate Weight
[m] [kg/m?] __[Gew-%] _ [kg/m?]
1 1cm Cement plaster 0,15 - 20,0
2 12,5cm Reinforced concrete (2%) 10,00 - 300,0
3 5cm aerated concrete 350kg/m3 025 = 175
4 25cm EPS granules 0,13 - 05
5 5cm Reinforced concrete (2%) 6,50 - 1200
6 15cm TIZ SOFTEX 15,00 - 30
T 1cm Cement plaster 035 - 200
42 cm Whole component 3238 0 4810

Humidity

g

The temperature of the inside surface is 18,6 °C leading to a relative humidity on the surface of 55%.Mould formation is not ’

expected under these conditions. 2

The following figure shows the relative humidity inside the component. g

100 ] Z | — Relative humicity ()

90 1) @ 72 @ o @ @ 7 ~— saturation point 5

é'.,o:_ (1) Cement plaster (10 mm) §

S 60 /\\ (2) Reinforced concrete (125 mm) &

| B / ? (3) aerated concrete 350kg/m3 (50 mm) 8

E 50+ —~ \ / (4) EPS granules (25 mm) B

220 o (5) Reinforced concrete (50 mm) 8

Za0 R | (&) TIZ SOFTEX (150 mm) 4

20t : g P (7) Cement plaster (10 mm) >

10- / H

0 50 100 150 200 250 300 350 400 450
Inside www.ubakus.de 0°C o

Notes: Calculation using the Ubakus 2D-FE method. Convection and the capillarity of the building materials
were not considered. The drying time may take longer under unfavorable conditions (shading, damp / cool
summers) than calculated here.

Jommerci sl

Page 3
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:\iébakus All statements without guarantee

770 Existing outer wall - Propose rehabilitation v2, R=4,13 m2K/W

Heat protection

The following results are properties of the tested component alone and do not make any statement about the heat protection

of the entire room:
Temperature profile
36 /\l | Temp at 3pm, 11am and 7am
34 % @ 13(EE) ® 7 Temperature at 7pm, 11pm and 3am
32
= 30 H (1) Cement plaster (10 mm)
o8 (2) Reinforced concrete (125 mm)
g 2% (3) aerated concrete 350kg/m3 (50 mm)
g 24 @ EPS granules (25 mm)
g 2 (5) Reinforced concrete (50 mm)
€ 20 . (6) T1Z SOFTEX (150 mm)
1 (7) Cement plaster (10 mm)
16 i g
14 ) 5
0 50 100 150 200 250 300 350 400 450 K_
Ineide www.ubakus.de o.n'Z'Rl g
[rc] The surface temperature during the day
36 — Outside -
34 — Inside
2
30 g
28 g
26 &
24
22 :
20 €
18 :
16 : .
14 Phase shift: 13.3h f
12 14 16 18 20 22 24 2 4 6 8 10 12 S
[time of day]

Top:Temperature profile within the component at different times. From top to bottom, brown lines: at 3 pm, 11 am and 7 am
and red lines at 7 pm, 11 pm and 3 am.

Bottom:Temperature on the outer ( red ) and inner ( blue ) surface in the course of a day. The arrows indicate the location of
the o A

p values . The i of the inner surface temp should preferably occur during the
second half of the night.
Phase shift* non rel Heat st ity (whole p ) 431 kJ/m*K
Amplitude attenuation ** 5100 Thermal capacity of inner layers: 351 kJ/m?K
TAV %% 0,002
* The phase shift is the time in hours after which the temperature peak of the aft hes the interior.
** The lituds ion describes the ion of the wave when passing through the component. A value of 10

means that the temperature on the outside varies 10x stronger than on the inside, e.g. outside 15-35 °C, inside 24-26 °C.
***The temperature amplitude ratio TAV is the reciprocal of the attenuation: TAV = 1 / amplitude attenuation

Note: The heat protection of a room is influenced by several factors, but essentially by the direct solar radiation through windows and the
total amount of heat storage capacity (including floor, interior walls and fumiture). A single component usually has only a very small
inflt on the heat pi ion of the room.
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EXISTING BUILDING - PET
[Project Number] ENERGY EVALUATION

Key Values

General Project Data
Project Name:

ENERGY EVALUATION

Thermal Resistances
Building Shell Average:

City Location: Timisoara Floors:
Latitude: 46° 21" 45" N External:
Longitude: 25° 48' 22" E Underground:
Altitude: 662.00 m Openings:

Climate Data Source:
Evaluation Date:

Building Geometry Data

ROU_Timiso..
1/30/2023 4:53 AM

0_IWEC.epw

Specific Annual Values
Net Heating Energy:

Net Coaling Energy:

Gross Floor Area: 529 m? Total Net Energy:
Treated Floor Area: 46.4 m? Energy Consumption:
External Envelope Area: 124.5 m? Fuel Consumption:
Ventilated Volume: 133.12 m? Primary Energy:
Glazing Ratio: 3 % Fuel Cost:
CO, Emission:
Building Shell Performance Data
Infiltration at 50Pa: 4.31 ACH Degree Days
Heating (HDD):
Cooling (CDD):

R value [m2K/W]
0.46

0.43-0.43

5.90-0.23

4.13-0.20

0.20-0.20

21.61 kWh/m?a
43.03 kWh/m?3a
64.64 kWh/m?a
80.47 kWh/m?a
51.45 kWh/m?a
211.37 kWh/m?a
- GBP/m?*a
4.89 kg/m?a
4316.20

1298.53

Project Energy Balance

“Supplied Energy per Week

.
jllnllnllqlll,--pi_,,l I I ll _.,._.nq-nqlmllu
28

12 16 20 24

" -

=

oy ﬁ"|||'|pl|| i

52 [kW h]
i— 0

100

Emitted Energy per Week }

Thermal Blocks

. Lighting and Equipment
110.0 kWhia
. Added Latent Energy
23.5kWh/a
Human Heat Gain
948.1 KWhia
. Service Hot-Water Heating
624.2 kWhia
Solar Gain
2752.3 KWha
. Heating
1002.6 kWhia

Transmission
812.6 kWhia

. Transmission
3520.0 KWha
Infiltration
74.3KWh/a

Sewage
624.2 KkWhia

. Cooling
1995.8 KWhia

Thermal Block £ONss Operation Profile ’ Sass Mot Ara ok
e rarcase B Assigned | = m? | _m U
) 001 Sample Thermal Block 1 | Rezdental 52.9 133.12 \
Total: 1| | 529 13312 |
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Annexes 235
[Project Number] ENERGY EVALUATION
Energy Consumption by Targets
Energy l CO2
Target Name |  Quantity | Primary Cost Emission
kWh/a ‘ kWh/a GBP/a kgla
B Heating | 1002 3007 0| 95
8 cooling . 1995 4594 0 61
@ service Hot-Water ‘ 624 1872 0 59
g Ventilation Fans | 0 0 0 0
@ Lighting & Appliances 110 330 0 10
Total: 3732 9804 NA 226
Energy Quantity Primary Energy
Quantity by Target: (D NS G
Primary by Target:
[kWh/a]0 3732 9804
L Energy Sources
Energy Cost Cco, §mtssnon Rt

NotApplicable

. External Air

Secondary
. Electricity
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EXISTING BUILDING - PET
[Project Number] ENERGY EVALUATION

Energy Consumption by Sources

Energy CO, Emission
Source Type [ Source Name | Quantity Primary Cost
‘ kWha kWh/a GBP/a kgla
Renewable ()@ External Air 2645 | 2645 | NA 0
Secondary ()8 Electricity | 2386 | 7159 | = | 226
Total: ‘ 5031 9804 | NotApplicable | 226
Energy Quantity Primary Energy

Quantity by Source: (I D S
Primary by Source: (D

[KWHa]0 5031 9804
Energy Cost CO, Emission Energy Targets
. Heating
. Service Hot-Water Heating
. Cooling
NotApplicable @ Ventilation Fans
@ Lighting
. Equipment
100
Environmental Impact
| sowceType | Source Name | PrimaryEnergy | COremission |
- | A . KWhia . kg/a \
Renewable .. External Air 2645 0 [
Secondary @ CElectricity [ 7159 [ 226 i
Total: , 9804 \ 226 \
3/3
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