HI-SMART: HIGHER EDUCATION PACKAGE FOR NEARLY ZERO ENERGY
AND SMART BUILDING DESIGN

MODULE #6
CHAPTER 4: NEW CONSTRUCTION AND RENOVATION
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6.4.1

INTRODUCTION

The main component of each building construction is building material “a matter”. The
building practise always contends with appropriate building materials from different points
of view. Recently, traditional parameters regarding function and design have increasingly
been complemented by sustainability-related factors. Various tools for applying these new
strategies have become available, but fundamental change in the assessment methodology
is not expected soon. The principles for examining the environmental impact of building
materials incorporated in a design have been established. The future architecture should be
based on an architecture of climate and ecological respect. Sustainability is based on three
aspects: consistency, sufficiency and efficiency. Where, the consistency represents a design
method which makes use of technologies that are compatible with nature/eco systems
without destroying them. The engineer can set priorities within both the efficiency concept
(resource productivity) and the sufficiency concept (reduction of resource consumption)
(Figure 6.4.1.). The task of selecting materials is a fundamental skill that must be fully
embraced by engineers.

Figure 6.4.1 - Aspects of a resource-saving building design with regard to different scales. Source: El khouli et. al.

6.4.2 SUSTAINABLE CONSTRUCTIONS
Nowadays, the green constructions have their roots in the oil crises of the 1970s. Ever since,
the major movement has occurred towards energy conservation, energy efficiency, and
utilization of alternative energy sources. The local water shortages have spurred the
development of more water conscious design. Indoor air quality (IAQ), sick building
syndrome, and groundwater contamination have forced us to remove toxics from our interior
spaces and critically reconsider the use of chemicals on our landscape. The notion is that all
these issues are interconnected in sustainable architecture of buildings.
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The objective of sustainable green architecture is to implement a construction related
concept integrated with nature and its fundamental principles. Continuous sustainable
development reaches various spheres of human activities and refers to the building sector as
a building object in its life cycle. The definition of Sustainability in Building sector
determinates the main requirement:
●

Leaving buildings with sufficient value for future generations which can have similar
quality for life like ours.

Traditional criteria in the building sector have to be complement by establishing and
implementation of sustainability criteria in this campaign.
Generally, we spend significant parts of our lives in buildings. Due to their construction and
the intensive use of resources involved (raw materials and energy), it follows that our way of
life impacts on both immediate and wider environment and, in consequence, on the existing
ecosystem. At the same time, the newly built environment has a strong influence on public
health and wellbeing. The three environmental objectives of green building can be derived
from these interdependencies [1]:
• protection of public health
• protection of ecosystems
• protection of resources
Based on these objectives, the building industry distinguishes between the two fields building
biology and building ecology (Figure 6.4.2.). In building biology, the occupant is determined
as the most important factor, and strategies are implemented to assess, for example, the
impact of pollutants on public health and prevent the use of pollutant sources in the building
(impact of the building on the occupant). The main task of a building biologist is therefore to
improve the performance of buildings in terms of their impact on public health by pursuing
an integrated design approach. Building ecology, in contrast, assesses the impact of buildings
and construction materials on the environment and develops strategies to minimise the
corresponding negative effects during the life cycle of the building (impact of the building on
the environment). A common goal of the two fields is the conservation of natural resources.
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Figure 6.4.2 – Objectives and activity areas of building biology and building ecology. Source: El khouli et. al.

Figure 6.4.3 - Protection goals of building biology and building ecology. Source: El khouli et. al.

The effort is to establish the sustainability criteria for construction, define the issues and
principles of sustainable construction, and create a model for the construction industry to
use as a tool for understanding and evaluating alternative approaches to achieving a more
environmentally sound built environment. These criteria connect extensive efforts to provide
good indoor environmental quality and the elimination of toxics from the building outdoor
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environment (pesticides, fungicides, herbicides, fertilizers) with the first two sustainability
criteria (Figure 6.4.4.).

Figure 6.4.4 – Traditional and sustainability criteria for building constructions. Source: El khouli et. al.

At the beginning, the establishment of the evaluation tools is set in accordance with the
issues that are encompassed by sustainable construction (Figure 6.4.5).

Figure 6.4.5 – The issues of sustainable construction. Source: El khouli et. al.

Excellence of design at all levels is crucial for several reasons. First, the creation of passive
heating, cooling, and lighting systems cannot be accomplished without good design and
adequate tools to carry it out. Second, buildings and communities need to be well-designed
to induce the occupants to maintain and care for them. There have been many cases of failed
communities and buildings that have their roots in poor design. Additionally, community
scale design must consider transportation, infrastructure, and other issues for the community
to be successful.
Construction operations consume energy, create substantial noise, and can cause significant
damage and product large quantities of waste. Changes in process are needed to protect the
environment during these operations. Life Cycle operation must carry forward the intent of
the design, maintaining the performance of the systems and renovating and retrofitting in
the same sustainable mode. Finally, the deconstruction or demolition of the building,
hopefully after many years of use, should result in a source of materials for new construction.
This implies that materials and products that were utilized in creating the structure were
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selected for either their recyclability or ability to be composted and returned to the earth as
biomass. In the process of the creation of the sustainable built environment, technical criteria
have to be applied to the materials selection process.

Figure 6.4.6 – Technical criteria for materials selection. Source: El khouli et. al.

Sustainable construction provides an ethical and practical response to issues of
environmental impact and resource consumption. Sustainability assumptions encompass the
entire life cycle of the building and its constituent components, from resource extraction
through disposal at the end of the useful life of the materials. Conditions and processes in
factories are considered, along with the actual performance of their manufactured products
in the completed building. High-performance green building design relies on renewable
resources for energy systems; recycling and reuse of water and materials; integration of
native and adapted species for landscaping; passive heating, cooling, and ventilation; and
other approaches that minimize environmental impact and resource consumption.
The sustainable construction principles must follow three basic goals:
● Resource depletion.
● Environmental degradation.
● Create a healthy environment (interior and exterior environment).
The resources to create the built environment:
● Energy
● Water
● Materials
● Land
Principles of Sustainable Construction:
● Reduce resource consumption (reduce).
● Maximize reuse resources (reuse).
● Use recyclable resources (recycle).
● Protect nature (nature).
● Eliminate toxic (toxics).
● Apply life-cycle costing (economics).
● Focus on quality (quality).
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Figure 6.4.7 – Framework for sustainable construction developed in 1994 by the CIB Task Group 16.

Figure 6.4.8 – Sustainable strategy in building. www.constructiontuts.com/sustainable-construction
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6.4.3 SUSTAINABLE MATERIALS
Sustainability is interpreted in a variety of ways. Regional products, products made from
renewable resources, materials with a low primary energy content, extremely durable
products or products which are particularly easy to recycle – all are marketed under the
sustainable banner. Strategies for material use in the construction process” examines the life
cycle of materials and buildings one by one and highlights fundamental strategies for
improving building biology and ecology-related aspects. The term “sustainable construction
materials” can also be interpreted as only the “sustainable use of construction materials”. In
this case, it is not the construction material itself but the concept in terms of usage which
decides whether the result is sustainable or not.
Appropriate material selection should consider numbers of factors, including the material’s
impact throughout its life cycle (from raw material extraction to use and then to reuse,
recycling, or disposal). The areas of impact to consider at each stage in the life cycle of a
material include:
● Energy required for extraction, manufacturing, and transport.
● Natural resource depletion; air and water pollution; hazardous and solid waste disposal.
● Energy performance in useful life and durability.
● Impact on indoor air quality; exposure of occupant, manufacturer, or installer to
harmful/toxic substances; moisture and mold resistance; cleaning and maintenance
methods.
Properties that typical green building materials and products may share include:
● Readily recyclable or reusable when no longer required.
● Sustainably harvested from rapidly renewable resources such as genuine linoleum
flooring, bamboo flooring, wool carpets, strawboard, and cotton-ball insulation (made
from denim scrap); using rapid renewables helps reduce the use and depletion of finite
raw materials.
● Durability.
● Wood or wood-based materials that meet the Forest Stewardship Council’s (FSC)
principles and criteria for wood building components.
● Post-consumer recycled content.
● Reuse, refurbishing, remanufacturing, or recycling potential.
● Manufactured from a waste material such as straw or fly ash or a waste reducing process.
● Minimally packaged and/or wrapped with recyclable packaging.
● Locally extracted and processed, which means less energy used in extraction, processing,
and transport to the job site to help regional economies.
● Water efficiency
● Manufactured with a water-efficient process.
● Energy-efficient in use
● Generates renewable energy.
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The two main points of an environmental material analysis, building ecology and building
biology, can be likened to the two sides of a coin. On the one hand, they stand for a rational
approach to elusive environmental factors (building ecology) and, on the other hand, for an
approach which is difficult to generalise, but is focused on the occupant (building biology).
The sustainable use of materials must refer to the entire life cycle, and buildings made from
these materials must also become an integral component of the natural material cycle. A lot
of construction materials release pollutants into the air, which are then absorbed by
occupants through their respiratory systems. The most noteworthy substances in this context
are volatile hydrocarbon compounds (Volatile Organic Compounds, VOC). An overview of
pollutants and their sources currently known to be hazardous to humans in existing and new
buildings (tab. 1.).
Table 6.4.1. Selection of pollutants and their sources in buildings (chemical load)
Pollutant

Possible sources in buildings

asbestos

sprayed asbestos, plasters and renders, asbestos
cement panels (e.g. as a roof covering or facade
cladding, window sills and panelling in radiator
recesses), elastic floor coverings, fire-resistant
cladding, asbestos sheathing felt, stuffing and sealing
tape, putties, strings, ropes and ties, fabric membranes
and foamed materials, friction linings; electrical
insulators, electric off-peak storage heaters, waste
water and gas pipes
wood preservatives (e.g. in coatings (paints,
varnishes), adhesives, impregnating agents, primers),
renders for composite thermal insulation systems,
facade paints, paints for damp rooms, carpets,
contamination of renewable building materials
engineered wood products, floor sealers, fitted
wardrobes, furniture, acid hardening fixers, wood
adhesives, preservatives
plastics (e.g. packaging, multi-layered hollow plastic
panels), pipe linings, paint (primers, varnishes),
adhesives
insulation materials made of mineral fibres (glass, rock
or slag), textile glass fibres, ceramic fibres and fibres
for special purposes (glass micro fibres)
coal tar (e.g. via parquet flooring adhesives, roofing
membrane, asphalt flooring); creosote (e.g. wood
preservatives); naphthalene (e.g. moth proofing
agents, paints and varnishes)
sealants and putties, coatings (paints, varnishes),
electrical components
(capacitors, transformers)
coatings (paints, varnishes), adhesives, sealants,
impregnating agents,
oils, solvents, plasticisers, plastics

biocides

formaldehyde

bisphenol A (BPA)

artificial mineral fibres (AMF)

polycyclic aromatic hydrocarbons (PAHs)

polychlorinated biphenyl (PCB)

volatile organic compounds
(VOC)
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6.4.4

DESIGN PRINCIPLES OF SUSTAINABLE CONSTRUCTIONS

In the design process of novel high-performance building constructions specific 10 steps have
to be involved:
●
●
●
●
●
●
●
●
●
●

Use building energy simulation tools throughout the design process.
Optimize the passive solar design of the building.
Maximize the thermal performance of the building envelope.
Minimize internal building loads.
Maximize daylighting and integrate with a high-efficiency lighting system.
Design a hyper efficient heating, ventilation, and air conditioning (HVAC) system that
minimizes energy use.
Select high-efficiency appliances and motors.
Maximize the use of renewable energy systems.
Harvest and use waste energy.
Incorporate innovative emerging strategies, such as ground coupling and radiant cooling.

Due to the complexity of designing the energy systems for a high-performance green
building, the starting point must be full consideration of passive solar design, or passive
design. Passive design is the design of the building’s heating, cooling, lighting, and ventilation
systems, relying on sunlight, wind, vegetation, and other naturally occurring resources on the
building site. Some of the factors that should be included in the development of a passive
design strategy are listed next:
●
●
●
●
●
●
●
●
●
●

Local climate. Sun angles and solar insolation, wind velocity and direction, air
temperature, and humidity throughout the year
Site conditions. Terrain, vegetation, soil conditions, water table, microclimate,
relationship to other buildings
Building aspect ratio. Ratio of the building’s length to its width
Building orientation. Long axis oriented east–west, room layout, glazing
Building massing. Energy storage potential of materials, fenestration, color
Building use. Occupancy schedule and use profile
Daylighting strategy. Fenestration, daylighting devices (light shelves, skylights, internal
and external louvers)
Building envelope. Geometry, insulation, fenestration, doors, air leakage, ventilation,
shading, thermal mass, colour.
Internal loads. Lighting, equipment, appliances, people
Ventilation strategy. Cross-ventilation potential, paths for routine ventilation, chimney
effect potential

The Sustainable Structural Design Methodology (SSD) represents a supporting tool for the
general design process of buildings. This methodology considers the technical - structural
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aspect along with the environmental one formatting a design method for safety and
sustainability. It is comprised of three steps, namely the environmental, the structural which
refers to the structural engineering and the economic one (Figure 6.4.9).

Figure 6.4.9 – Flow chart of SSD methodology. Source: K. Tsimplokoukou, M. Lamperti, P. Negro: Building Design
for Safety and Sustainability
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6.4.5

DESIGN PRINCIPLES OF GREEN BUILDINGS

Currently, the environmental impact of buildings on the inner and outer side becomes more
and more apparent. Sustainable “Green” buildings have to be designed to reduce the overall
impact of the built environment on human health and the natural environment. Green
building strategies not only stand for sustainable materials in their construction (reused,
recycled or made from renewable resources), but also by using natural processes (shading
effect of trees, insulation capacities of green roofs and green façades, mitigation of urban
heat due to evapotranspiration). The green building strategy focuses on one key aspect of
the ‘‘greening process’’ namely the use of plants on and around urban buildings. The
overheating of cityscapes is mainly determined by the properties of their surfaces and the
spatial arrangement of the buildings, roads, and parks. This phenomena determinate the
occurrence of urban heat islands or flooding. Basically, global solar radiation reaches a
surface it can be reflected or transformed to long-wave radiation. Direct integration of plants
in a building envelope can induce the transformation of the solar energy into biomass,
oxygen, and air humidity. Plants regulate the urban microclimate, while conventional
surfaces lead to microclimatic extremes and reduce the thermal comfort within cities.
The vertical greened surfaces can increase insulation value by different mechanisms:
●

●
●

●

Covering the building with vegetation, the summer heat is prevented from reaching the
building skin (shadow), and in the winter, the internal heat is prevented from escaping,
reflected, or absorbed.
Thermal insulation provided by vegetation, substrates, and configuration.
Trapping an air layer within the plant foliage, since wind decreases the energy efficiency
of a building by 50 %, a plant layer will act as a buffer that keeps wind from moving along
a building surface.
Cooling of air due to evapotranspiration of plants and substrates.
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Figure 6.4.10 – A green building envelope strategy. Source: Marc Ottelé, A Green Building Envelope: A Crucial
Contribution to Biophilic Cities.

Figure 6.4.11 – a) Green façade in Delft summer 2009. b) Infrared photo of the façade. Source: Marc Ottelé, A
Green Building Envelope: A Crucial Contribution

Additionally, the advantages for the built environment by using vegetation on roofs are:
●
●
●
●
●
●
●

Increase of water buffering capacity instead of peak runoff to the sewage system due to
delayed runoff, transpiration, and evaporation.
Improvement of air quality (deposition of particulate matter on leaves for example).
Reduction of the heat island effect in urban areas. Energy savings (increase of insulation
capacity—keep building cool in summer and keep cold out in winter).
Noise level reduction up to 10 dB.
Increase of lifetime of roofing material.
Increase of aesthetic values.
Increase of ecological value and biodiversity.
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Figure 6.4.12 – Green roof at the British Horse Society headquarters. Source: wikipedia.org

The main building blocks can be composed as structural timber-straw wall elements - The
EcoCocon wall system with both Passivhaus and Cradle to Cradle certifications. An integral
part of the system is the use of an airtight, yet diffusion-open membrane on the outside of
the panels. The membrane also provides weather protection during construction. A layer of
insulating wood fibre board is fixed over the membrane. The required thickness of the board
varies depending on the climate. It can be finished with a render or any kind of ventilated
facade. The system is certified together with a humidity-regulating natural clay plaster on the
interior side.

Figure 6.4.13 – The EcoCocon wall system. Source: ecococon.eu

Additionally, the biocement with natural microorganisms was released by Biomason
company. Its process of cement production captures carbon and uses it the same way nature
does. The combination of carbon and calcium provides biologically formed limestone
materials. The biocement materials consist of approximately 85% granite from recycled
sources, and 15% biologically grown limestone. The bioLITH tiles offer the lowest carbon
footprint cement tile on the market.

Figure 6.4.14 – Composition of biocement. Source: https://biomason.com/
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6.4.6 BUILDING RENOVATION
One logical solution to reduce the environmental impact of the existing buildings is through
green retrofitting. The ratio of existing buildings to new green buildings is large. The United
State Green Building Council (USGBC) defined green retrofit as “any type of upgrade at an
existing building that is wholly or partially occupied to improve energy and environmental
performance, reduce water use, improve comfort and quality of space in terms of natural
lighting, air quality and noise, all done in a way that it is financially beneficial to the owner”.
Sustainable development principles reaching many spheres of human activities, public
buildings refurbishment is not an exemption in this case. Buildings refurbishment supports
excellent opportunities to reduce energy consumption in buildings as well as encourages
other sustainable refurbishment principles implementation – citizens’ healthcare,
environment protection, rational resources use, information about sustainable
refurbishment dissemination and stakeholders groups’ awareness. The importance of
understanding that building refurbishment not only decreases energy consumption but also
improves the whole condition of the building: its exploitation, noise insulation conditions,
exterior, and comfort; prolongs buildings life cycle, increases value of the buildings, reduces
negative impact to environment and guarantees healthy living and working conditions.
Satisfaction of these requirements is obligatory in sustainable refurbishment provision. The
real potential for sustainable building and CO 2 reduction lies in management of the existing
stock of residential buildings.
The main results expected from public buildings refurbishment are:
● Energy savings.
● Increase of comfort.
● Healthy working environment assurance.
● Extension of building life cycle.
● Economized exploitation.
● Environmental protection.
Sustainable refurbishment must reconcile further dimensions:
● social (collaboration, public awareness and education, social safety, etc.);
● ecological (ecological construction materials, energy, waste, noise, land use, heath, air
quality, etc.);
● economic (cost-efficient price, fair price and good service, energy saving reliability, etc.);
● cultural (cultural heritage, behavioural norms, etc.);
● architectural (comfort, aesthetics, decoration, environment, buildings purposes
matching exterior, etc.);
● technical (innovative HVAC technologies, energy saving technologies, etc.).
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Figure 6.4.15 – The conceptual model of sustainable buildings refurbishment. Source: A. Mickaityte et. al.
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Refurbishments to properties present ideal opportunities to take advantage of sustainable
technologies that not only improve the environmental performance of a building but also
benefit the occupants in terms of thermal comfort, user control, lighting, acoustics,
aesthetics, health considerations and financial value. For a site-specific solution, design
development with qualified professionals is necessary to ensure that the approach is
appropriate to the location and site-specific factors such as occupant profile and historic
features. The sketch below is intended to demonstrate the potential pitfalls to occupant
comfort when a refurbishment comprises only minimal interventions to fabric, and where
the original services are retained. Inefficient old buildings are of primary concern, especially
where existing single-glazed windows are not upgraded as this can allow for draughts and
cold spots. Noise pollution, lack of occupant control over internal temperatures and the
presence of harmful emissions from fabrics and finishes are also common problems.

Figure 6.4.16 – Refurbishment with minimal interventions. Source: Grosvenor
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The next sketch demonstrates the enhanced environment that can be created through a
carefully planned and managed sustainable refurbishment. Unwanted noise, draughts and
cold spots are eliminated through high quality building fabric. Occupant control over internal
temperatures is provided through thermostats and local controls. Services have been
upgraded to incorporate efficient appliances and renewable technologies, thus reducing the
overall energy demand of the home.

Figure 6.4.17 – Green refurbishment. Source: Grosvenor
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Life cycle thinking can be addressed to reconceive traditional structural design approaches,
guaranteeing safety, while minimising costs and environmental impacts over the building life
cycle. It is quite rarely considered that half of the existing building stock has exhausted its
current nominal structural service life, often exhibiting substantial structural problems and
material decay. Furthermore, these buildings may be inherently vulnerable to seismic
actions, given that rarely the design accounted for seismic actions and appropriate antiseismic detailing at the time of construction. Sole energy upgrade may therefore leave these
buildings dangerously unsafe. The seismic risk in terms of emissions is a highly relevant issue
in terms of sustainable processes of major repairs and reconstruction after an earthquake.
Holistic approach has to be considered in this sustainable structural renovation process.

Figure 6.4.18 – Main targets of the proposed holistic renovation strategy, fostering sustainability and resilience.
Source: A. Marini et. al.

Regarding the eco-efficiency of the intervention, unless demolition is mandatory, the solution
is a sustainable alternative to the demolition and reconstruction practice, in which careful
attention is paid to minimise the use of raw materials and to reduce waste production since
the design stage (Figure 6.4.19). In order to boost the eco-efficiency of the proposed
integrated renovation practice, the common design approaches must be re-conceived.
Focusing on mindful selection of materials and technologies becomes critical in ensuring
effective minimisation of environmental impact and cost over the life cycle in structural
design within a Life Cycle Design approach.
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Figure 6.4.19 – Major benefits and limitations of: (1) demolition and reconstruction, (2) energy measures only,
(3) integrated renovation. Source: A. Belleri, A. Marini.

Figure 6.4.20 – Life Cycle design for Sustainability and Resilience targets. Source: A. Marini et. al.
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