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Foreword

Many of the buildings in 2050 are the ones that exist today; so refurbishment is
vitally important to understand how they can continually adapt to change and
retain an effective sustainability profile. The focus here is on energy performance
and the steps necessary to ensure the actual energy performance is as designed for.

The book explains how to tackle the challenges of building refurbishment
towards nearly zero energy. A central theme throughout is the importance of
taking a multi-disciplinary approach not only across disciplines but the need for
consultants, contractors and facilities managers to share a unified view. Energy
covers a wide range of considerations during various phases of a project whether it
be design, management or operation.

Choice of materials as well as systems determine the energy profile for the
building in respect of embodied and operational energy. However, a low carbon
building has to also satisfy the human needs because if it does not, the whole
resource is wasted. Sustainability drivers are aimed to improve the quality of life in
terms of health and well-being with minimum resources.

Poor facilities management and occupancy behaviour can make any low energy
design ineffective. So it is important that the users understand how the building
works. Controls need to be user friendly. Facilities managers need to carry out
post-occupancy evaluations continually to diagnose weaknesses. Feedback can be
used with self-adapting algorithms to ensure a continual good performance.

Experience from research, the Energy Performance of Buildings Directive as
well as case studies provide the evidence for successful energy retrofitting and
argued thoroughly by a distinguished team of international authors.

In the next few years, all buildings have to follow the regulatory pressures and
become low carbon or net zero energy. This book is welcome at this time and sets
the scene for professionals whether practitioners or researchers to learn more about
how we can make whether old or new buildings more efficient and effective in
terms of energy performance.

Derek Clements-Croome University of Reading
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Introduction

Fernando Pacheco Torgal

Abstract This chapter starts with an overview on CO, emissions and climate
change addressing key investigations and important related events. The situation
of the European Union concerning energy efficiency is described. A short analysis
of the nearly zero-energy building (NZEB) concept is presented. A book outline is
also presented.

1 CO, Emissions and Climate Change

Four decades ago several investigators used a computer model based on the fixed-
stock paradigm to study the interactions between population, food production,
industrial production, pollution and the consumption of non-renewable resources.
As a result, they predicted that during the twenty-first century the Earth’s capacity
would be exhausted resulting in the collapse of human civilization as we know it
(Meadows et al. 1972).

Two decades after that an update of this study was published showing that some
limits had already been crossed (Meadows et al. 1992).

Climate change is one of the most important environmental problems faced by
the Planet Earth (IPCC 2007; Schellnhuber 2008).

This is due to the increase of carbon dioxide (CO,q) in the atmosphere for
which the built environment is a significant contributor. In the early eighteenth
century, the concentration level of atmospheric CO.q was 280 parts per million
(ppm); at present, it is already 450 ppm (Fig. 1).

Keeping the current level of emissions (which is unlikely given the high economic
growth of less developed countries with consequent increases in emission rates)

F. Pacheco Torgal (D))
C-TAC Research Centre, University of Minho, Guimaraes, Portugal
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F. Pacheco Torgal et al. (eds.), Nearly Zero Energy Building Refurbishment, 1
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For 650,000 years, atmospheric CO, has never been above this line ... until now
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Fig. 1 CO, (ppm) trend over years (VijayaVenkataRaman et al. 2012)

will imply a dramatic increase in CO,q concentration to as much as 731 ppm in the
year 2130 leading to a 3.7 °C global warming above pre-industrial temperatures
(Valero et al. 2011).

Global warming will lead to a rise in the sea level caused by thermal expansion
of the water. When the sea level rises above 0.40 m, it will submerge 11 % of the
area of Bangladesh, and as a result, this fact will lead to almost 10 million
homeless (IPCC 2007).

Another consequence of global warming is the occurrence of increasingly
extreme atmospheric events. Global warming may also be responsible for the
thawing of the permafrost (permanently frozen ground), where approximately
1 x 10° million tons (1,000 GtCO,eq) is still retained. This astonishing figure is
equivalent to the current worldwide production (34 GtCO,eq) during 30 years.

It is important to mention the probable meltdown of the world economy
associated with climate change. According to Stern (2007) if we act now, the cost
of all the services and products to tackle climate change will be 1 % of the GDP;
otherwise, an economic depression of about 20 % GDP may take place.

Increasing atmospheric carbon dioxide levels is also responsible for ocean
acidification (Hofmann and Schellnhuber 2010; Harrould-Kolieb and Herr 2012).
This will lead to severe negative consequences in coral reefs putting habitats of
high economic value at risk.

The coral reefs habitats represent fish resources that feed more than
1,000 million people and have an economic value estimated at 20,000 million euro
(Bourne 2008; Anthony et al. 2008).

In this context is important also to bear in mind the value of services provided
free of charge by Nature that reaches almost 33 billion (10'?) dollars/year
(Constanza et al. 1998). As a comparison, the global GDP in the same period was
of 18 billion (10'?) dollars per year, roughly half the value of the services and
products provided by Nature.
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Even if all the greenhouse gas emissions suddenly ceased, the inertia associated
with climatic systems would mean that the rise in the sea level, ocean acidification
and extreme atmospheric events will continue at least in the next one hundred years.

The majority of CO, emissions come from burning fossil fuels for energy
production. Oil accounts for 32.8 %, coal for 27.2 % and natural gas for 20.9 %
(Hook and Tang 2013).

In 2009, China became the largest energy consumer (IEA 2010), and Chinese
coal plants are responsible for 80 % of electricity generation (Shealy and Dorian
2009). Still is fair to say that although China is the responsible for the major CO,
emissions in the world (9,700 million tonnes), it has just a 7.2 tonnes per capita.
While for instance Canada, the USA and Australia have, respectively, 16.2, 17.3
and 19 tonnes per capita (JCR 2012).

The 2009 Copenhagen Summit recognized the scientific view “that the increase
in global temperature should be below 2 degrees Celsius” despite growing views
that this might be too high. However, a comprehensive agreement that could have
a significant impact on reducing carbon emissions was not reached (Dimitrov
2010; New et al. 2011).

Instead different countries decide to adopt different targets. The European
Union agreed to reduce its overall emissions by 20 % in the year 2020 in the
reference to the year 1990. The USA agreed to reduce its overall emissions by
17 % in 2010, in the reference to the year 2005. China and India did not accept a
reduction in their total emissions, but rather a reduction in their carbon intensity
(carbon/unit of GDP) relative to 2005 levels until 2020, between 40 and 45 % for
China and between 20 and 25 % for India.

Goldenberg and Prado (2010) reviewed the above-cited goals and reported that
they simply follow the standard “business as usual” for the period 1990-2007,
which is clearly insufficient to achieve significant reductions by the year 2020.
This view is confirmed by other authors (Peterson et al. 2011).

The World Business Council for Sustainable Development estimates that by
2050 a fourfold—tenfold increase in efficiency will be needed (COM (2011c) 571).
According to the World Energy Outlook 2012, energy-efficiency improvements
show the greatest potential of any single strategy to abate global GHG emissions
from the energy sector (IEA 2012). However, worldwide investment in energy-
efficiency projects is very scarce. A recent report shows that energy efficiency
amounts to a very small portion of the US$343-385 billion flowing into climate
finance each year (Ryan et al. 2012).

2 European Union Situation

Europe has the world’s highest net imports of resources per person, and its open
economy relies heavily on imported raw materials and energy.

The building sector is the largest energy user responsible for about 40 % of the
EU’s total final energy consumption (Lechtenbohmer and Schuring 2011.
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Energy-related emissions account for almost 80 % of the EU’s total greenhouse
gas emissions (COM (2010) 639).

To address smart, sustainable and inclusive growth until 2020 and beyond the
European Union has been on the lead of seven paramount flagship initiatives. One
of such “A resource-efficient Europe—Flagship initiative under the Europe 2020
Strategy” highlights the importance of increasing resource efficiency as key to
bring major economic opportunities, improve productivity, drive down costs and
boost competitiveness.

To tackle climate change, EU has agreed that by 2020 greenhouse gas, emis-
sions have to be reduce by 20 % compared with the 1990 emissions level as well
as to increase by 20 % the energy consumption from renewable resources (COM
(2008) 30).

Between 2010 and 2020, energy investments in the order of € 1 trillion will be
needed, both to diversify existing resources and replace equipment and to cater for
challenging and changing energy requirements (COM (2010) 639).

According to the Energy Road Map 2050 (COM (201 1a) 885/2), higher energy
efficiency in new and existing buildings is key for the transformation of the EU’s
energy system.

Of the several areas related to the built environment energy efficiency and
renewable energies are the only ones that will be funded under the HORIZON
2020 EU Framework Program (COM (2011b) 808 final).

Energy efficiency is the most cost-effective way to reduce emissions, improve
competitiveness, as well as create employment (COM (2010) 639).

According to Lund and Hvelplund (2012), the implementation of a district
heating and individual heat pump scenario in Denmark over a period of 10 years
will create 7-8000 jobs.

A recent report shows that the global market for energy-efficient building will
go from 68 billion dollars in 2011 surpassing 100 billion dollars by 2017
(Pike Research 2011.

Unfortunately, as the same EU Communication recognizes that “The quality of
National Energy Efficiency Action Plans, developed by Member States since 2008,
is disappointing, leaving vast potential untapped”. This means that technologies
and methods to improve energy efficiency (Clements-Croome 2011) are therefore
required.

Another important aspect related to energy efficiency concerns indoor air
quality. Many buildings currently suffer from problems related to excessive
moisture with mould formation, or present low humidity levels, giving rise to
respiratory diseases. Moreover, since 1930, more than 100,000 new chemical
compounds have been developed, and insufficient information exists for health
assessments of 95 % of chemicals that are used to a significant extent in con-
struction products (Pacheco Torgal et al. 2012).

Increasing ventilation rate reduces the concentration of indoor air pollutants
(except for of buildings in urban areas with a high level of air pollutants); however,
this also increases energy consumption.
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Some investigations (Fisk et al. 2011) show that improving indoor
environmental quality in the stock of US office buildings would generate a
potential annual economic benefit of approximately $20 billion. Unfortunately,
most occupants are unaware of such health risks and prefer to reduce ventilation
rates. It is then no surprise to find out that ventilation measurement across Europe
shows that ventilation is in practice often poor, resulting in reduced ventilation
rates (Dimitroulopoulou 2012).

A recent study (Galvin 2013) carried out in the city of Aachen, Germany, shows
an interesting case of energy-inefficient manual ventilation, which means that
energy efficiency is most influenced by occupants’ behaviour.

In the context of energy efficiency, it is preferable to reduce the toxicity of
building materials, and avoiding the use of materials that release pollutants. EU
has recently passed regulations that will make mandatory the environmental
assessment of construction and building materials.

On 9 March 2011, the European Union approved Regulation (EU) 305/2011,
the Construction Products Regulation (CPR), that replaced Directive 89/106/EEC,
already amended by Directive 1993/68/EEC, known as the Construction Products
Directive (CPD). The new CPR was published in the Official Journal of the
European Union (OJEU) on 4 April 2011. In accordance with Article 68, the CPR
entered into force on 24 April, the 20th day following its publication in the OJEU.
This includes Articles 1 and 2, 29-35, 39-55, 64, 67 and 68, and Annex IV.
However, Articles 3-28, 3638, 56-63, 65 and 66, as well as Annexes I, II, III and
V, shall apply from 1 July 2013.

When comparing the basic requirements of the CPR and CPD, one can see that
the CPR has a new requirement, no. 7 (Sustainable use of natural resources), and
also that no. 3 (Hygiene, health and the environment) and no. 4 (Safety and
accessibility in use) have been refined. This means that a new and more environ-
ment-friendly approach will determine the manufacture of construction products.
A crucial aspect of the new regulation relates to the information regarding
hazardous substances.

This means that commercialization of construction materials in Europe beyond
1 July 2013, will make their environmental assessment mandatory, thus facilitating
choosing low-toxicity materials.

3 Nearly Zero-Energy Buildings

In the last decade, several high-energy performance building (HEPB) concepts have
been proposed, from low-energy building through passive building and zero-energy
building to positive energy building and even autonomous building (Thiers and
Peuportier 2012). For the Building Technologies Program of the US Department of
Energy (DOE), the strategic goal is to achieve “marketable zero energy homes in
2020 and commercial zero energy buildings in 2025”. However, commercial
definitions maybe tainted by biased view, allowing for energy-inefficient buildings
to achieve the status of zero energy thanks to oversized PV systems (Sartori 2012).
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Rules and definitions for near zero-energy buildings or even zero-energy
buildings are still subject to discussion at the international level (Dall’O et al. 2013).

Some authors (Adhikari et al. 2012) use ZEB as “net zero-energy buildings”
and NZEB as “nearly zero-energy buildings”. “Net” refers to a balance between
energy taken from and supplied back to the energy grids over a period of time.
Therefore, net ZEB refers to buildings with a zero balance as well that the NZEB
concept applies to buildings with a negative balance.

The European Energy Performance of Buildings Directive 2002/91/EC (EPBD)
has been recast in the form of the 2010/31/EU by the European Parliament on 19
May 2010.

One of the new aspects of the EPBD is the introduction of the concept of
NZEB. Of all the new aspects set out by the new directive, this one seems to be the
one with most difficult enforcement member states. The article 9 of the European
Directive establishes that, by the 31 December 2020, all new constructions have to
be NZEBs; for public buildings, the deadline is even sooner—the end of 2018.

Article 2 of the EPBD recast states that “‘NZEB’ means a building that has a
very high energy performance, as determined in accordance with Annex I. The
nearly zero or very low amount of energy required should be covered to a very
significant extent by energy from renewable sources, including energy from
renewable sources produced on-site or nearby”. The directive does not specify
what is the concept of “low amount of energy”. The EPBD is also dubious on the
meaning of “nearby” renewable resources. This broad definition could encompass
1 km or even 10 km and even any national energy grid in countries where the
majority of the energy supply comes from renewable resources.

Since in the preliminary drafts, the directive was referring to “net zero-energy
buildings”, some authors (Adhikari et al. 2012) believe that the global economic
crisis of recent years has prompted lawmakers to scale back targets due to the fact
that evidently that a ZEB (net zero) would be too expensive.

Although each EU member state need to transpose into national laws, the
directive’s provisions to account to its specific situation (climate conditions,
economic aspects, building practices, etc.) so far only three countries had already
made that transposition (Denmark, Sweden and Ireland). Therefore, in 21
September 2012, infringement procedures were started on 21 September 2012,
against the 24 member states that did not declare full transposition.

This is the best proof of the difficulties felt by the different EU members in the
transposition of such “unspecified” and “dubious” regulation.

Another novelty of the EPBD recast that can complicate transposition into
national laws is the cost-optimality requirement. According to the Article 4 (1),

Member States shall take the necessary measures to ensure that minimum energy
performance requirements for buildings or building units are set with a view to achieving
cost-optimal levels. The energy performance shall be calculated in accordance with the
methodology referred to in Article 3. Cost-optimal levels shall be calculated in accordance
with the comparative methodology framework referred to in Article 5 once the framework
is in place.
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Cost-optimal level is defined as “the energy performance level which leads to
the lowest cost during the estimated economic lifecycle”. In order to calculate the
cost-optimal level of minimum energy performance, member states are required to
create a set of reference buildings, at national or regional level, to be used in the
calculations. Recent investigations are helpful concerning this subject (Corgnati
et al. 2013; Hamdy et al. 2013; Kurnitski et al. 2011).

To complicate things, a little bit more let us considered for instance the impact
of climate change itself on the energy requirements of the buildings. Crawley
(2008) mentioned that “the impact of climate change will result in a reduction in
building energy use of about 10 % for buildings in cold climates, an increase of
energy use of up to 20 % for buildings in the tropics, and a shift from heating
energy to cooling energy for buildings in temperate climates”. Depending on the
climate zone, cooling loads are likely to increase by 50 to over 90 % until the end
of the century (Roetzel and Tsangrassoulis 2012). In addition to increased mean
temperatures, there are likely to be more frequent heat waves like for instance the
2003 European heat wave that claimed the lives of over 35,000 people (Porritt
et al. 2012). This means that current climate conditions of each member state can
no longer be viewed as static which will complicate even more the transposition of
EPBD recast for national laws. So, Kwok and Rajkovich (2010) suggested miti-
gation of GHGs as well as adaptation to climate change should be added into
building energy codes and comfort standards. Recently, Ren et al. (2011) analysed
climate change adaptation measures for buildings and their cost-effectiveness.

Be there as it may, new buildings have limited impacts on overall energy
reduction as they represent just a tiny fraction of the existent building stock.
Popescu et al. (2012) mentioned that the building stock renews slowly, by only
1-2 % per year. Existing buildings constitute, therefore, the greatest opportunity
for energy-efficiency improvements (Xing et al. 2011).

Besides, new homes use four to eight times more resources than an equivalent
refurbishment (Power 2008), which constitutes an extra argument in favour of
building refurbishment. However, Silva et al. (2013) mentioned that most of the
current buildings regulations present simplified methodologies that do not allow
the correct assessment of the buildings retrofit interventions.

The words refurbishment, retrofit and renovation are generally used inter-
changeably in the literature and by organizations involved in reducing the energy
use and carbon emissions of the existing housing stock (Fawcet 2011).

Some authors (Torcellini et al. 2006; Jensen et al. 2009) mention that energy
building refurbishment is a two-step approach, i.e. application of energy efficiency
measures to a cost-optimal level and suppression of the remaining energy needs
through on-site renewable energy production. More recently, Dall’O et al. (2013)
defends a 3-step sequence to achieve a ZEB: retrofitting building materials to
reduce energy demand, installing energy-efficient equipment, and finally, installing
microgeneration technologies.
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And if the concept NZEB is not easy to apply to new buildings, it will be much
more difficult to apply in existent buildings.

Besides, energy-efficiency refurbishment has a sociological dimension that
must be also addressed (Banfi et al. 2008).

The decision process is influenced by several factors like for instance the
household size, household income, age composition of the household members
and members’ education levels each affect retrofit decisions (Gamtessa 2013).

Stiel and Dunkelberg (2013) mention that reaching homeowners not yet aware
of the benefits of such energy-efficiency improvements constitute a major chal-
lenge that requires the “the implementation of coordinated campaigns at the local
level with participating energy agencies, consultants, tradesmen, the local
authorities, and the local press”.

It is truth that the EPBD recast does not cover existent buildings; however, the
Energy Efficiency Directive (2012/27/EU) approved by the European Parliament
on 25 October 2012, that each member states will have to transpose into national
laws until 5 June 2014, addresses this types of buildings (Articles 4 and 5).

According to Article 4, member states will have to define “establish a long-
term strategy for mobilizing investment in the renovation of the national stock of
residential and commercial buildings, both public and private. This strategy shall
encompass:

(a) an overview of the national building stock based, as appropriate, on statistical
sampling;

(b) identification of cost-effective approaches to renovations relevant to the
building type and climatic zone;

(c) policies and measures to stimulate cost-effective deep renovations of buildings,
including staged deep renovations,

(d) aforward-looking perspective to guide investment decisions of individuals, the
construction industry and financial institutions;

(e) an evidence-based estimate of expected energy savings and wider benefits.

A first version of the strategy shall be published by 30 April 2014 and updated
every three years thereafter and submitted to the Commission as part of the
National Energy Efficiency Action Plans”.

As to Article 5 content, it requires that “each Member State shall ensure that,
as from 1 January 2014, 3 % of the total floor area of heated and/or cooled
buildings owned and occupied by its central government is renovated each year to
meet at least the minimum energy performance requirements” .

Many books have been written about building refurbishment and some recent
ones even contain interesting insights on “sustainable” refurbishment. However,
some of those books are not focused on energy efficiency, several others lack any
content on toxicity aspects or nanotech high-performance building materials, but
most of them have absolutely nothing on complex decision support systems. This
book thus provides essential reading to everyone that deals with energy-efficiency
building refurbishment.
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4 Book Outline

The Deutsch policy framework related to the energetic refurbishment of buildings
is the subject of “Policy Instruments: The Case of Germany”. It includes relevant
strategies and concepts as well as governmental targets. The specific cases of the
Deutsch building code “Energy Saving Ordinance” and the “Renewable Energy
Heat Law” are analysed. This chapter also includes an overview on financial
incentive programmes related to energy-related refurbishments. Important market
instruments are described.

“Built Environment Life Cycle Process and Climate Change” deals with the
influence of climate change on the built environment. It presents a model of the
built environment life cycle process for climate change mitigation and adaptation.

“Benefits of Refurbishment” describes some of the benefits associated with
refurbishment actions.

It summarizes the results of the energy and environmental assessment of a set of
retrofit actions implemented in the framework of the EU Project (Bringing Retrofit
Innovation to Application in Public Buildings).

The modelling of the occupant behaviour impact on the buildings energy
prediction is the subject of “Modelling the Occupant Behaviour Impact on
Buildings Energy Prediction”. It suggests a “model for occupant behaviour within
the building in relation to energy consumption, along with a building energy
consumption model, is proposed based on stochastic Markov models”.

“Uncertainty in Refurbishment Investment” identifies and classifies uncer-
tainties that characterize and make refurbishment investment a highly uncertain
endeavour over the project life cycle. Recommendations about managing these
uncertainties during the project evaluation phase are provided. This chapter
includes “a new approach to project evaluation based on the option pricing theory
is presented along with a case study example”.

“Energy Performance of Buildings: A Comparison of Standard Assessment
Methods” addresses the uncertainties arriving from the use of different energy
performance assessment methods.

“Life Cycle Energy Performance Evaluation” presents the “concepts and
methodology to evaluate life cycle energy performance of buildings, including
embodied energy of the different components, systems and processes”. The
chapter introduces the concept of “net energy ratio” to the built environment,
presenting it as an indicator to support optimization of building refurbishment
strategies from a life cycle energy perspective. A practical application for the
refurbishment of an Irish typical house is also shown.

“Refurbishment Scenario to Shift Nearly Net ZEBs Toward Net ZEB Target:
An TItalian Case Study” addresses an Italian case study concerning several refur-
bishment scenarios to shift nearly net zero-energy building towards net zero target.
The refurbishment strategy is based on a LCA, in which the LCI model is carried
out by using the SimaPro software. Energy payback time and the emission pay-
back time are assessed inn order to compare the different scenarios.
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“A Multiple-Case Study of Passive House Retrofits of School Buildings in
Austria” covers the refurbishment of four Austrian schools towards the energy-
efficiency level of the Passivhaus standard.

“State of the Art on Retrofit Strategies Selection Using Multi-Objective
Optimization and Genetic Algorithms” reviews “the research and development in
the decision support processes in building retrofit. The advantages and drawbacks
of the various methods in each category are also discussed”.

“Multiple-Criteria Analysis of Life Cycle of Energy-Efficient Built
Environment” describes a life cycle of energy-efficient built environment model
as well as two systems (Energy Efficient House DSS for Cooling and Decision
support system for assessment of energy generation technologies).

“Toxicity Issues: Indoor Air Quality” reviews “main indoor pollutants and
their sources. Considering existing World Health Organization (WHO) guidelines
for TAQ and toxicity, the pollutants considered here are: asbestos, biological
pollutants, benzene, carbon monoxide, formaldehyde, naphthalene, nitrogen
dioxide, particulate matter, polycyclic aromatic hydrocarbons, radon, tetrachlo-
roethylene, and trichloroethylene”.

“Toxicity Issues: Radon” is related to radon as a source of indoor air con-
tamination. It shows that post-construction remediation like soil depressurisation
systems seems to be more cost-effective than the use of protection measures
installed during construction like radon-barrier membranes which have a signifi-
cant failure rate. Since radon concentration is very dependent on the air change
rate (ACH), it is important to maintain adequate air ventilation. However, in some
situations, the cost of additional heating to eliminate the heat losses would exceed
the total costs of remediation by soil ventilation as much as eightfold. This chapter
also shows that there are optimum temperature and relative humidity which
minimize radon levels.

“Ventilation: Thermal Efficiency and Health Aspects” focus “on the perfor-
mance of ventilation, both in reducing adverse effects of indoor air on building
occupants and in reducing the energy required for this”. It explores the specific
merits and limitations of ventilation as a strategy to renew air. It discusses the
different ventilation concepts and their performance focusing on “technologies
that allow to reduce ventilation heat loss without increasing the exposure of
occupants to airborne pollutants, more specifically air to air heat exchangers,
exhaust air heat pumps and demand controlled ventilation”.

“Insulation Materials Made with Vegetable Fibres” provides a guide to the
fundamentals and latest developments in building insulation technology based on
vegetable fibre materials.

“High-Performance Insulation Materials” addresses two classes of superinsu-
lation technology: vacuum insulation panels (VIP) and microporous thermal
insulations. The chapter discusses he special features of these thermal insulations
and presents best-practice examples. The chapter also includes an overview on
future trends in R&D for thermal insulation.

“Thermal Energy Storage Technologies™ gives a general overview on thermal
energy storage (TES) technologies.
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“Phase-Change Materials Use in Nearly Zero Energy Building Refurbishment”
displays several examples concerning the use of PCMs for new buildings, high-
lighting the more appropriate options for refurbishment.

Application of “highly energy-efficient windows and skylights with silica
nanogel as a strategy in the building refurbishment” is the subject of “Nanogel
Windows”.

This new window “seems to have the largest potential for improving the
thermal performance and daylight in fenestration industry, because of very low
conductivity and density and a good optical transparency”. The chapter includes a
state-of-the-art review of nanogel windows in building applications. It also
includes a discussion on the proprieties of nanogel glazing in terms of thermal,
lighting and acoustic insulation solutions. The “potential of the nanogel windows
for energy saving in order to achieve a nearly zero-energy building is described
thanks to the results of a case study”.

“Switchable Glazing Technology: Electrochromic Fenestration for Energy-
Efficient Buildings” outlines the basics of electrochromic glazing technology. It
“allow the transmittance of visible light and solar energy to be changed reversibly
and persistently by the use of an electrical signal”, which is an important feature in
energy-efficiency technologies. The chapter discuss device designs and component
materials. Several practical electrochromic glazing designs are introduced with focus
on a foil-type construction applicable as a lamination material between glass panes.

The “global market potential of solar thermal, photovoltaic (PV) and combined
photovoltaic/thermal (PV/T) technologies in current time and near future” are the
subject of “Solar Photovoltaic/Thermal Technologies and Their Application in
Building Retrofitting”. The chapter covers “major features, current status, research
focuses and existing difficulties/barriers related to the various types of PV/T”. It
describes “research methods, including theoretical analyses and computer simu-
lation, experimental and combined experimental/theoretical investigation, dem-
onstration and feasibility study, as well as economic and environmental analyses,
applied into the PV/T technology were individually discussed, and the achieve-
ment and problems remaining in each research method category”.
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Policy Instruments: The Case of Germany

Sven Schimschar

Abstract Buildings in Germany are responsible for more than 40 % of the total
final energy consumption. The government already acknowledged the importance
of the building sector in the late 1970s and thus started to develop a comprehensive
policy framework. On an international level, Germany is especially known for its
successful KfW incentive programmes related to energetic refurbishments of
buildings that achieved significant reductions in terms of energy and emissions.
But these programmes are just one piece of the entire framework. Thus, this
chapter describes all parts of the policy framework that relate to the energetic
refurbishment of buildings. It starts by describing the current status of a national
nearly zero-energy building definition before presenting all relevant strategies
and concepts including the targets of the government. After that, the regulatory
policies, including the national building code the ‘Energy Saving Ordinance’ and
the ‘Renewable Energy Heat Law’, are introduced before having a detailed look at
the financial incentive programmes related to energy-related refurbishments and
finally describing the most important market instruments.

1 Introduction

Buildings are responsible for about 44 % of the German energy consumption, of
which space heating and domestic hot water represent the most significant share
of about 75 % (BMWI 2011b). The most crucial issue is the energy inefficiency of
the existing building stock, of which three quarters were constructed before the
first “Thermal Insulation Ordinance’ in 1977. The improvement in the building
envelope through energy-related refurbishments, the slow replacement of heating
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systems with more efficient ones and the overall slow refurbishment rate of
existing buildings of currently about 1 % annually are the main bottlenecks within
the energy efficiency progress of the existing built environment in Germany and
Europe in general (Boermans et al. 2012).

For the purpose of reducing the energy consumption and protecting the climate,
the Federal Government developed the Energy Concept for an environmentally
friendly, secure and affordable energy supply in 2010 (BMWi 2010b).

The energy-related refurbishment of buildings plays an important role in the
Energy Concept. It states that:

[...]the energy related renovation of the building stock is the main issue for the mod-
ernization of the energy supply and for achieving the climate protection targets (Author’s
translation).

The main targets of the German government for the building sector are (BMWi
2010b; BMWI 2011a):

® 20 % reduction in the useful space heating demand of the building stock by
2020 and 80 % of the primary energy demand by 2050 compared to 2008
(Schimschar et al. 2013a), with the aim of achieving an almost climate-neutral
building stock by 2050;

e Overall savings for the buildings and installation area that amount to 775 PJ in
the period 1995-2016;

e Expected savings in the construction sector for the 2008-2016 commitment
period amount to 610 PJ;

e These objectives should mainly be achieved by doubling the energy-related
refurbishment rate from currently about 1 % to annually 2 % of the entire
building stock. To achieve this increase, a refurbishment road map (according to
the Energy Efficiency Directive) begins in 2013.

As the actual instruments are not sufficient to achieve the targets, among other
things, the Energy Concept stipulates a further development of the ‘Energy Saving
Ordinance’ (EnEV) and the ‘Act on the Promotion of Renewable Energies in the
Heat Sector’ (EEWidrmeG). ‘These instruments must be updated to achieve ren-
ovation targets, to the extent that this is economically feasible’ (BMWi 2010b).
Accordingly, it will explicitly be examined whether the EEWidrmeG can be for-
mulated to be more technology-open for all kinds of renewable energy systems and
whether it can be expanded to the existing building stock. With the EnEV 2013/14,
it is planned to introduce the level of ‘carbon-neutral buildings’ for new buildings
as from 2020 onwards as the Energy Performance of Buildings Directive (EPBD)
(European Parliament and the Council of the European Union 2010) requires that
after 31 December 2020, all newly constructed buildings are ‘nearly zero-energy
buildings’. Federal buildings should act as a role model in the reduction in energy
consumption.

In order to assure further development of the renewable energies in the building
stock, it was planned to provide additional financial means for the ‘Market
Incentive Programme for Renewable Energies’ (MAP). In addition, an ‘Energy
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Efficiency Fund’ was planned and has finally been established in 2011. Further
details of the Energy Concept are the extension of opportunities for contracting in
the area of rented residential living space and the support of municipalities in
efficiency measures, pilot projects, information and education.

The most important refurbishment and incentive programmes are within the
jurisdiction of the Federal Ministry of Transport, Building and Urban Development
(BMVBS). The BMVBS additionally plans to create tax incentives for the building
sector in order to attract more owner groups for energy-related refurbishments
(BMVBS 2011). At the same time, established programs will be further developed
and new priorities will be set. Besides individual buildings, old building quarters in
the inner city have to also become more energy efficient. For this purpose, a
comprehensive construction law amendment has been developed, for example, also
facilitating the approval for photovoltaic systems in buildings. Beyond that, new
incentives for energy efficiency and energy savings on municipal level will take
place, such as the new promotional programme ‘Urban energy efficiency rehabil-
itation’. On 15 November 2011, the programme started with a pilot phase in close
collaboration with the communes. The financing resources for this project come
from the ‘Energy and Climate Fund’ (BMVBS 2011; KfW 2011).

Figure 1 shows the development of the final energy consumption in the German
building sector since 1990 and until 2020 depending on different refurbishment
rates, and Fig. 2 shows the associated CO, emissions.

No separate subtarget has been set for the greenhouse gas emissions in the
building sector. Therefore, the 40 % reduction target specified for all sectors
according to the Coalition Agreement 2009 and the Energy Concept 2010 is
included in the figure.
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Fig. 1 Final energy consumption in the German building sector dependent on different
renovation rates, years 1990-2020 (Bettgenhéuser et al. 2012)
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Fig. 2 CO, emissions from the German building stock dependent on different renovation rates,
years 1990-2020 (Bettgenhéuser et al. 2012)

It becomes obvious, how important the energy-related refurbishment of the
building stock is. Figure 2 shows that the emission target of the government will
just be reached, if it is possible to at least increase the major energy-related
refurbishment rate to a value of about 1.8 % per annum. But even if the topic of
energy-related building refurbishments is generally acknowledged as an important
issue, currently there still is no source of information which frequently measures
the renovation rate in the building stock. However, there are several sources of
information, which present very diverse numbers. According to Friedrich et al.
(2008), the refurbishment rate was 2.2 % in 2006; according to KfW (2009), it was
2 % in 2009; according to BMWi (2010b), it was 1 % in 2010; according to
Discher (2010), it was 0.9-1.3 %; and according to Diefenbach et al. (2010), for
existing buildings constructed before 1979, it was 1.28 % in the period
2000-2004, 0.95 % in the period 2005-2008 and 1.12 % in 2009. As can be seen,
the presented numbers are all in a range between 0.9 and 2.2 %, and as different
approaches and definitions have been used by the respective authors, it cannot
clearly been determined which rate is the most reliable. Nevertheless, Friedrich
et al. (2008) and Diefenbach et al. (2010) conducted quite comprehensive surveys
in their research projects, and thus, these values have a better scientific basis than
the values of the other sources although they present the minimum and the
maximum value. The main difference is the definition of ‘refurbishment’. Friedrich
et al. (2008) defined it as complete energy-related refurbishments and Diefenbach
et al. (2010) just focused on measures that improve the building shell of buildings.
However, when considering all presented estimations, it becomes more realistic
that the current major renovation rate is still far below the necessary 1.8 %.
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Diefenbach et al. (2010) identified interesting results about the refurbishment
characteristics in the German building stock. Accordingly, the refurbishment rates
of different building shell components vary significantly. Thus, the building roof,
respectively topmost ceiling, is refurbished most frequently (ca. 1.5 %), followed
by the facade insulation (ca. 0.8 %) and ground floor, respectively basement
ceiling (ca. 0.3 %). No considerable difference between single- and multi-family
buildings has been identified.

Diefenbach etal. (2010) analysed that in about 20 % of the single- and two-family
buildings and approximately 26 % of the multi-family buildings, the facade has
subsequently been insulated. Almost 50 % of the roofs have subsequently been
insulated but just about 10 % of the ground floors, respectively basement ceilings. In
total, it is estimated that between 25 and 30 % of all building component areas have
subsequently been insulated after their construction. As some of the buildings
constructed before 1979 have already been insulated partly, Diefenbach et al. (2010)
estimate that the share of insulated area in the building stock is about 10 % higher.

2 Definition of Nearly Zero-Energy Buildings in Germany

As the overarching topic of this book relates to nearly zero-energy building
(nZEB) refurbishments, it is important to know how the standard of nZEB is
defined in Germany. As the German government has not yet finally published a
definition, this chapter aims to collect and describe all available information in
order to give a good overview of the current status.

‘For a long time, Germany’s development of energy performance requirements
for buildings has been accompanied by research and demonstration projects that
showed further strengthenings to be technically feasible, which became due to
market adaptations some years later also economically feasible. Figure 3 shows
the minimum energy performance requirements (in 6 steps) as the upper line, the
pilot projects (solar houses, low-energy buildings, three-litre houses, zero-heating
energy houses and plus energy houses) as the lower line and the actual building
practice in between. The requirements followed the pilot projects with 10 to
20 years time difference’ (Erhorn-Kluttig et al. 2011).

‘With the last tightening of the minimum energy performance requirements by
the energy decree, EnEV 2009 (Regierung der Bundesrepublik Deutschland 2009),
Germany has again become one of the countries in Europe with the strictest
requirements for new buildings’ (Erhorn-Kluttig et al. 2011). But so far, the
German Federal Government has not yet defined a precise national definition for
nearly zero-energy buildings according to the EPBD. This fact can also be
explained as the EPBD requirements on the definition of nearly zero-energy
buildings are quite vague (Boermans et al. 2011b) and have just been clarified
recently within the European Commission’s (EC) research project ‘“Towards nearly
zero-energy buildings—Definition of common principles under the EPBD’
(Schimschar et al. 2013b). However, already since years, the German government
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Fig. 3 The historic development of pilot projects, minimum requirements and the building
(Erhorn-Kluttig et al. 2011)

is financing research projects in order to support the national transposition.
Thereof, on national level, two projects within the “Zukunft Bau’ initiative of the
Federal Institute for Research on Building, Urban Affairs and Spatial Development
(BBSR) are especially important for getting more clarity about an appropriate
level of requirements:

1. ‘Investigation for the amendment of the buildings ordinance—Identification
and analysis of obstacles for the construction of highly efficient buildings and
development of a concept for the market penetration by 2020’ (author’s
translation of the German title: ‘Untersuchung zur Novellierung der Gebéude-
Richtlinie—Identifikation und Analyse von Hemmnissen beim Neubau von
hocheffizienten Gebduden und Entwicklung eines Konzepts zur Marktdurch-
dringung bis 2020’) (Erhorn et al. 2012).

2. ‘Accompanying investigation for the European reporting requirement on the cost-
optimal-level” (author’s translation of the German title: ‘Begleituntersuchung zur
europdischen Berichterstattung “Cost-Optimal-Level”—Modellrechnungen’)
(Offermann et al. 2013).

Erhorn et al. (2012) was already published whereas Offermann et al. (2013) is
still under development and is expected to be published in the second half of 2013.
The cost-optimality requirement is relevant for the technical requirements for new
and existing nearly zero-energy buildings as Article 4(1) EPBD states:

Member States shall take the necessary measures to ensure that minimum energy per-
formance requirements for buildings or building units are set with a view to achieving
cost-optimal levels.
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This means that this level is the maximum allowed level of energy demand of a
building, but more stringent requirements are possible. For more information about
the cost-optimality methodology, please see Boermans et al. (2011a).

Erhorn et al. (2012) have analysed two possible approaches for defining suitable
performance requirements within a German nearly zero-energy building definition:
(1) based on economic aspects (as this is also required through the ‘energy con-
servation act’) and (2) based on the expectable technological development of
relevant building components. The following descriptions are mainly based and
translated from Erhorn et al. (2012).

Performance Requirements based on Economic Aspects

In Germany, the ‘Energy Conservation Act’ (EnEG) requires that the energy
performance obligations for buildings need to be cost-effective. Nevertheless, the
EnEG allows wider interpretation that it is usually required in the German building
code ‘Energy Saving Ordinance’ (EnEV). The EnEG allows the extension of the
payback time up to the time span of the usual lifetime of the measure, whereas the
EnEV often requires payback times of less than 20 years (for more information,
also see Sect. 3.2.1). The usual lifetime of structural and technical components is
often considerably longer than 20 years (Association of German Engineers 2000;
Bahr and Lennerts 2010; BBSR 2009, 2011).

The consideration of the cost-effectiveness requires a full understanding of
various parameters, such as:

Efficiency of energy efficiency measures
Investment costs for efficiency measures
Maintenance costs for efficiency measures
Lifetime of efficiency measures

Development of energy costs

Changes in interest rates on the capital market.

The development of each parameter is not 100 % predictable. For example,
from the historical development of the crude oil price during the last 40 years, it is
not possible to make any clear future projection.

In the same way, the further development of the energy efficiency of different
measures and associated costs cannot be reliably predicted until 2020. For
example, considering the development of the heat conductivity of high-quality
insulating materials, a wide technical spectrum of materials already exists today,
implicating that there is further potential. However, in the construction praxis, this
potential is only partially exploited due to current relatively high investment costs
of these materials. New production methods may significantly improve the cost-
effectiveness of high-end products. Therefore, it does not seem suitable to develop
future 2020 requirements based on the present technological and economical
assessment parameters. This would probably lead to pessimistic requirements.


http://dx.doi.org/10.1007/978-1-4471-5523-2_3
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Performance Requirements based on the expectable Technological Development
According to Erhorn et al. (2012), a second possibility for estimating the devel-
opment of cost-effective efficiency measures is the approximation of the future
development based on recent decades. Although the energy price remained quite
stable in Germany between 1970 and 2000, the energetic requirements for insu-
lation and HVAC systems have been strengthened significantly during this time
(see Fig. 3). This was possible as available technologies have developed consid-
erably and thus become much more efficient. If analysing Fig. 3 under this aspect,
it can be seen that in the illustrated case of a one-family house, the primary energy
demand has been reduced by approximately 180 kWh/m?a in 30 years. This is
equal to an average yearly reduction of 6 kWh/m?a (initially about 8, today about 4
kWh/m?a). A stringent forward projection of this trend would lead to a further
reduction of about 30 kWh/m?a until 2020. This would implicate a reduction
potential of about 60 % compared to today’s values. Thus, this target value would
be comparable to today’s KfW building standard ‘Effizienzhaus 40’ (efficiency
house 40) which has already been constructed almost 13,000 times in Germany so
far (status 30 September 2012 (KFW 2012; Schimschar et al. 2011)). The KfW
efficiency house 40 standard requires a primary energy demand of about 25-30
kWh/m?a (depending on the kind of building) (Schimschar et al. 2011).

Erhorn et al. (2012) finally propose to determine the nZEB requirements based
on this latterly described approach. As already explained, for the range until 2020,
a yearly primary energy reduction of 3-4 kWh/m?a seems to be realistic. This
would lead to a reduction potential of at least 50 % by 2020, and an interim
reduction target for 2015 could be in a range of about 20 %.

In order to improve public understanding and to show how these buildings can
be constructed, the future requirements could refer to today’s KfW classification of
building standards that exceed the requirements of the EnEV (for example, effi-
ciency house 70 as from 2015, efficiency house 85 as from 2018 and efficiency
house 40 as from 2020). Table 1 shows examples for the realisation of today’s
existing KfW efficiency houses.

As Offermann et al. (2013) is still under development, specific outcomes cannot
be addressed here. However, it is expected that the proposed level of Erhorn et al.
(2012) of about 30 kWh/m?a seems to be achievable.

The German government has to define and publish the specific national defi-
nition for nearly zero-energy buildings soon as member states need to come up
with national plans for how to define such buildings and how market introduction
is planned until 2021. Additionally, plans need to be developed for ambition level
and introduction of existing buildings renovated to nearly zero-energy buildings.

According to Erhorn-Kluttig et al. (2011), the German definition of nZEB will
consider the following aspects:

e Assessment parameters (energy performance indicators): both delivered energy
and primary energy (non-renewable part).
e Balancing period: one year of operation.


http://dx.doi.org/10.1007/978-1-4471-5523-2_3#Fig3
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e Energy aspects to be included: heating energy, ventilation and cooling energy all
including auxiliary energy, lighting for non-residential buildings, energy gen-
erated from renewables (self-used and fed into the grid) if produced on-site.

3 Building Sector Policy Framework

Germany is known as one of the most ‘energy efficient and greenest economies in
the world while enjoying competitive energy prices and a high level of prosperity’
(BMWi 2010b). The deployment process of energy efficiency and renewable
energy technologies has given the country the reputation of a forerunner on
European and international level with regard to energy, climate and innovation
strategies (BMWi 2010b). However, the topic of energy savings and energy supply
was not always just driven by ecological but also economical reasons. With the first
oil crisis in 1973, the country started seeking solutions to the fuel shortage and in
the 1970 s introduced the first energy-related policies. In 1977, the German gov-
ernment implemented the first ‘Thermal Insulation Ordinance’ defining require-
ments on the energy-related quality of buildings. In 1995, the first national
CO,-emission reduction target of 25 % in 2005 compared to 1990 was announced.
Since that time, the regulatory requirements have been tightened continuously.
Nevertheless, about 44 % of the total energy in Germany is still consumed by
buildings (BMWI 201 1b). Therefore, the building sector still holds a large potential
for saving energy and, thus, is the most important sector for achieving the energy-
related targets of the German government. For the determination of the specific
reduction targets, Germany orientates on the strategies of the European Union (EU)
and tries to outreach the EU targets on national level (Bigalke et al. 2012).

Generally, it is possible to describe the German building sector policy frame-
work as the following: it is based on 4 main pillars: two relate to regulatory
policies (the EnEV and the EEWirmeG) and the others are incentives (KfW
programs and the MAP) and everything is accompanied by a large number of
market instruments (see Fig. 4).

The ‘Energy Saving Ordinance’ is the German building code and, apart from
anything else, gives obligations concerning the energy performance in the form of
both the maximum primary energy consumption and building components
depending on the kind and geometry of the building for both new and existing
buildings, see Sect. 3.2.2. It is the most important instrument.

The ‘Act on the Promotion of Renewable Energies in the Heat Sector’ gives
obligations for the usage of renewable energies that have to produce a certain
amount of the used heat in newly constructed buildings, see Sect. 3.2.3.

The KfW’s most important support programs for the building sector are the
‘energy efficient refurbishment’, see Sect. 3.3.1, and the ‘energy efficient con-
struction’, see Sect. 3.2.2. The ‘Market Incentive Programme for Renewable
Energies’ provides grants for renewable energy systems in newly constructed and
existing buildings, see Sect. 3.3.5.
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Fig. 4 Simplified illustration
of the German building
sector policy framework

3.1 Strategies and Concepts Influencing the Building Sector

The Federal Government continually develops strategies and concepts influencing
the building sector. Based on these strategies and concepts, the government
develops suitable regulatory policies, financial incentives and market instruments.
In addition to that, Federal State governments may also develop concepts on local
level which, however, are not described here. The following strategies and concepts
are chronologically sorted in order to give a good overview about the development
of the ambitions of the German Federal Government (Bigalke et al. 2012).

3.1.1 National Climate Protection Programme 2000 and 2005

The objectives of the National Climate Protection Programme are the reduction in
greenhouse gas emissions and increasing the share of renewable energies. To
achieve these goals, the Federal Government implemented different measures such
as the ‘Energy Saving Ordinance’ (EnEV), the further development of the CO,
building refurbishment programme (today: Energy Efficient Refurbishment) and
the extension of public relations and consultation programmes. Simultaneously, it
established the ‘Renewable Energy Sources Act’ (EEG). The National Climate
Protection Programme was updated in 2005, and in this process, the government
also introduced the energy performance certificates, market incentive programmes
for solar and biomass technologies, the on-site energy advice programme and
advanced training and further qualification of the handcraft sector (BMU 2005).
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3.1.2 Perspectives for Germany, 2002

The document ‘Perspectives for Germany’ was published in 2002 and represents
the national sustainable development strategy of the Federal Government. It out-
lines the objectives to be achieved in each sector and the suggested set of mea-
sures. Within this strategy, the building stock has been recognised to have a high
potential. Furthermore, the EnEV 2002 and the CO, building refurbishment pro-
gramme present a crucial role in this strategy (Bundesrepublik Deutschland 2002).

3.1.3 Integrated Energy and Climate Protection Programme (IEKP),
2007

In 2007, within the Integrated Energy and Climate Programme (IEKP), the Federal
Government has transposed the European policy instructions at national level. The
programme and associated resolutions defined the following relevant 2020 targets:

e the reduction of 40 % greenhouse gas emissions compared to 1990,
e to increase the share of renewable heat production to 14 %,
e to increase the share of renewable electricity production to 30 %.

To achieve the energy efficiency goals and enhance the use of renewable
energies, 29 measures have been designed. Most of the building sector-related
measures have been established in the EnEV amendment. In this context, espe-
cially important was the tightening of requirements regarding the energy efficiency
of buildings by approximately 30 %. Furthermore, the funding programmes for the
refurbishment of existing buildings have been strengthened and the Act on the
Promotion of Renewable Energies in the Heat Sector (EEWidrmeG) has been
implemented (BMWi 2007).

3.1.4 National Energy Efficiency Action Plan (NEEAP), 2007 and 2011

The National Energy Efficiency Action Plan (NEEAP) was first designed in 2007
as a documentation of the efforts towards the implementation of the 2006 EU
‘Energy Efficiency Directive’ (European Parliament and the Council of the
European Union 2006). The objective of these national action plans is to present
the strategies and measures that Germany is taking in order to achieve the energy
reduction target set in the EU directive. Apart from others, the presented measures
intend to tighten and further develop the energetic requirements for buildings, the
CO; refurbishment programme and the extension of the energy research in the
field of energy efficiency improvement (BMWI 2011c).
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3.1.5 German Strategy for Adaption to Climate Change (DAS), 2008

With this document, in 2008, the Federal Cabinet presented the commitment of the
Federal Government to the United Nations Framework Convention on Climate
Change (UNFCCC) to develop national programs in order to facilitate an appropriate
adaptation to climate change. This medium-term strategy is the basis for assessing
the risks of climate change and to identify possible needs for action. Objectives and
possible adaptation measures were developed, such as long-term goals towards the
reduction in vulnerability, enhancement of preservation and adaptability of natural,
social and economic systems (The Federal Government 2008).

3.1.6 National Renewable Energy Action Plan, 2010

The National Renewable Energy Action Plan displays the German contribution to
the EU target to cover 20 % of the total energy consumption with renewable
energies by the year 2020. It is an important document in the Federal Govern-
ment’s aim to promote renewable energy, alongside the Energy Concept 2010. The
plan describes existing and planned measures, instruments and policies that should
lead to the Europe-wide target. Huge emphasis is put on the use of renewable
energies in the building stock. Furthermore, the basic condition of the rental law is
analysed to promote the use of renewable energy in this area (Bundesrepublik
Deutschland 2010).

3.1.7 Energy Concept, 2010

The Energy Concept is a long-term strategy with objectives in the policy fields of
climate change and energy. It contains nine fields of action, one of those
addressing energetic building restoration and energy efficient construction. The
target of the Federal Government is a nearly climate-neutral building stock until
2050. To reach that objective, the heat demand shall decline by 20 % in 2020 and
the primary energy demand by 80 % until 2050. In a large offensive of modern-
isation of the building stock, the rate of rehabilitation shall double from one to two
percent until 2020 and a timetable for rehabilitation between 2020 and 2050 is
envisioned. Concerning the electricity consumption, a share of 35 % of renewable
resources and a general decrease in power consumption by 35 % until 2020 are
indicated. The Energy Concept intensifies the goals of the IEKP regarding the use
of renewable energies (BMWi 2010b).

3.1.8 Energy Transition, Energiewende 2011

Motivated by the reactor catastrophy in Fukushima, the Federal Cabinet approved
various laws and adaptations of laws to accelerate the implementation of the
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consisting Energy Concept. Part of the ‘Energy Transition’ is the legally binding
nuclear phaseout, the faster extension of wind energy and electricity grids as well
as the enhancement of energy efficiency and energy savings in buildings (BMWI
2012a).

3.1.9 Climate Change Adaptation Action Plan, 2011

The Climate Change Adaptation Action Plan from 2011 solidifies the imple-
mentation of the ‘German Strategy for Adaption to Climate Change’ (DAS) by
giving specific courses of action. Adaptation measures for the building sector are
contained as well (The Federal Government 2012b).

3.1.10 National Reform Programme (NRP), 2012

The National Reform Programme serves as a central strategic instrument for the
member states of the European Union to report the development of the Europe
2020 Strategy. The implementation of the European goals on the national level is
presented (BMWI 2012c).

3.1.11 Energy and Climate Protection Concept of the BMVBS
for the Sectors ‘Buildings’ and ‘Transport’, 2013

To face the ambitious targets of the government, the ‘Federal Ministry of Transport
Building and Urban Development’ (BMVBS) has decided, in the framework of its
sectoral responsibility, to develop an own energy and climate protection concept for
the sectors ‘transport’ and ‘buildings’. The concept aims to identify possible
potentials for achieving the energy and climate protection targets. Through an
impact assessment, it is planned to continuously update the concept in order to
adapt to new boundary conditions. It will be based on the Energy Concept of the
government as well as on existing results of the examination of the IEKP (see Sect.
3.1.3) and will consequently define concrete measures (Schimschar et al. 2013a).

3.1.12 Refurbishment Road map, 2013

The Energy Efficiency Directive requires member states to develop refurbishment
road maps that describe the country’s vision on a long-term strategy (e.g. until
2050) to renovate their building stocks. The refurbishment road map is currently
being developed by the BMVBS and should help to achieve the long-term targets
of the governmental Energy Concept and of the energy and climate concept of the
BMVBS. The road map is necessary to outline the large emission reduction


http://dx.doi.org/10.1007/978-1-4471-5523-2_3
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Fig. 5 The long-term impact of different renovation tracks

potential in the building stock and thus achieve the targets. The road map should
also help to give an orientation for the future development of the building stock
and to identify a suitable path towards a climate-neutral building stock by 2050.

Figure 5 qualitatively shows the importance of choosing the right refurbishment
track.

Accordingly, a refurbishment track with a very high speed but just an average
ambition level can lead to fast reductions; however, due to the long renovation
cycles of buildings, it can also lead to a lock-in effect which in the long term leads
to a non-achievement of the reduction targets.

3.2 Regulatory Policies

In Germany, the requirements concerning the energy performance of buildings
reach back a long time (first Thermal Insulation Ordinance since 1977) and the
requirements have been continuously tightened. The specifications of the ‘Energy
Performance of Buildings Directive’ (EPBD) are transposed through the ‘Energy
Saving Ordinance’ (EnEV) in Germany. According to the EnEV, new residential
and commercial buildings have to limit their primary energy demand to a specified
maximum value. Minimum requirements also exist on component level and for the
specific transmission heat loss, which is calculated by using reference buildings.
For existing buildings, there are also minimum requirements for building com-
ponents in the case of a building modification and for the primary energy demand
in the case of a major renovation that is 40 % less ambitious than those for new
buildings. The calculation of the overall primary energy demand has to be
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conducted through the methodology as determined in the technical norm DIN V
18599 (or alternatively with the technical norms DIN V 4108-6 in combination
with DIN V 4701-10). The last amendment of the EnEV entered into force in
October 2009 and strengthened the requirements by an average of 30 % (Con-
certed Action Energy Performance of Buildings 2011). In 2013 (perhaps early
2014), the EnEV will be amended (this was originally planned for 2012 (BMWi
2010a) and will probably be tightened by approximately 12.5 % in January 2014
and further 12.5 % in January 2016 (see Sect. 3.2.1).

According to the Act on the Promotion of Renewable Energies in the Heat
Sector (EEWarmeQG), it is additionally obligatory to use renewable energies for
covering a specific share of the heating demand (space heating and cooling as well
as domestic hot water generation) in new buildings. Alternatively, other measures
that significantly increase the energy efficiency of a building can also be applied.
Additionally, the EEWéarmeG will probably be amended in 2013 and it is currently
discussed as to whether the requirement for the use of renewable energies will be
expanded to existing buildings.

A chronology of relevant building regulations can be found in Table 2. The
information is based on (Schimschar et al. 2010) and has been complemented with
new developments in recent years. The most relevant regulatory policies for the
energy-related refurbishment of buildings are furthermore described in the
following Sects. 3.2.1-3.2.4. It should be noted that more relevant policies exist
that provide the legal basis for the government in order to establish respective
ordinances, incentive programmes, etc. (e.g. the ‘European Law Adaptation Act
for Renewable Energy’ or the ‘Ordinance on the Promotion of On-Site Advice for
Rational Energy Use in Residential Buildings’). However, here, the focus is on the
most important policies (Table 2).

3.2.1 Energy Conservation Act (EnEG), 2009

Germany introduced the first law establishing requirements on the energy per-
formance of buildings in 1976. Due to the implementation of the 2002 EU
Directive on the Energy Performance of Buildings (EPBD), the German EnEG was
amended in 2005 and in 2009 and will again be amended in 2013.

The main target of the law is to ensure that buildings just consume as much energy
as necessary and the wasting of energy should be avoided. For this purpose, the EnEG
states general requirements for the construction and refurbishment of buildings,
building elements, as well as heating, cooling, ventilation, lighting and hot water
installations. The EnEG contains different permissions for the German government
for issuing necessary ordinances in order to transpose European directives, etc. Thus,
the EnEG is also the basis for the Energy Saving Ordinance—the EnEV.

Paragraph 5 of the EnEG is especially important as it clearly regulates that all
kinds of building requirements have to be technically feasible and cost-effective.
The author’s translation of this paragraph is given below.


http://dx.doi.org/10.1007/978-1-4471-5523-2_3#Tab2
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§ 5 Common requirements for statutory ordinances

(1) The requirements established in ordinances (...) shall be achievable
according to the available technology and cost-effective for buildings of the
same type and use. The requirements are cost-effective if the necessary
expenditures can in general be paid back with the occurring energy savings
during the useful lifetime of the measure. For existing buildings, the useful
lifetime, which can still be expected, has to be taken into consideration.

3.2.2 Energy Saving Ordinance (EnEV)

The EnEV was first introduced in 2002 and was then revised twice in 2007 and
2009. The next amendment of the ordinance is expected in 2013 (2014) although it
was initially planned for 2012. The regulation serves as a guideline and establishes
minimum requirements, calculation methods and recommendations for new resi-
dential and non-residential buildings, as well as for buildings undergoing moder-
nisations, reconstructions and extensions. For example, the ordinance prescribes
maximum primary energy demands, U-values of building elements, air tightness,
transmission losses, etc. The primary energy requirements and average specific
transmission heat loss (residential buildings), respectively average heat transfer
coefficients (commercial buildings), are defined by means of a reference building
which corresponds to the real building in terms of geometry, net floor area, ori-
entation and utilisation, but whose technical structure is defined according to
Appendix 1, respectively Appendix 2 of the EnEV (‘reference building approach’).

Furthermore, the EnEV establishes the start-up and maintenance of heating, hot
water, cooling and ventilation equipment and determines technical DIN norms
which have to be applied. Chapter 5 of the ordinance engages with the issuing and
implementation of energy performance certificates and gives recommendations on
energy efficiency optimisation techniques (Regierung der Bundesrepublik
Deutschland 2009).

As for residential buildings, the requirements for new commercial buildings are
also defined by the annual primary energy demand and U-values of components.
However, in addition to the energy demands for heating, hot water and air-con-
ditioning, the balance sheet also includes the proportion of energy for cooling and
lighting installations. The new comprehensive calculation method is defined in the
new German standard DIN V 18599 (dena 2013). Figure 6 shows the chrono-
logical development of EnEV requirements.

According to the EnEV, a refurbishment, triggering technical requirements, is
defined as ‘a change of an outer building component that exceeds 10 % of the total
building area of the respective component’. Example: If you exchange two old
windows with an area of 3 m? and the total window area of the building is 20 mz,
then you exceed the 10 % threshold and thus have to comply with the EnEV
requirements.


http://dx.doi.org/10.1007/978-1-4471-5523-2_5
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In those cases, the EnEV primarily prescribes requirements on component level.
Accordingly, modifications are to be designed in such a way that the heat transfer
coefficients of the exterior components concerned as established in Table 3 are not
exceeded.

Alternatively, these requirements are considered to be fulfilled if the modified
residential or non-residential buildings do not exceed the overall requirements for
new buildings by more than 40 percent. The requirements for new buildings are as
follows (Regierung der Bundesrepublik Deutschland 2009):

1. Residential buildings to be constructed are to be designed in such a way that the
annual primary energy demand for heating, hot water preparation, ventilation
and cooling does not exceed the value of the annual primary energy demand for
a reference building of the same geometry, building floor space and alignment
with the technical reference design given in Table 4 and the maximum value of
the specific transmission heat loss related to the heat-transmitting surface area
in accordance with Table 5.

2. Commercial buildings to be constructed are to be designed in such a way that
the annual primary energy demand for heating, hot water preparation, venti-
lation, cooling and lighting installations does not exceed the level of the annual
primary energy demand for a reference building of the same geometry, net floor
space, alignment and utilisation, including the arrangement of the utilisation
units to the technical reference design indicated in Appendix 2 Table 5.1 of the
EnEV (due to complexity not shown here) and the maximum levels of the
average heat transfer coefficients of the heat-transmitting surface area in
accordance with Table 6 are not exceeded.

The three mentioned tables can be found on the following pages.

Depending on the specific kind (single- or multi-family building) and archi-
tecture, the maximum primary energy demand of the reference building in average
totals about 65 kWh/m2a (Schimschar et al. 2011) (Tables 5, 6).

Amendment 2013/2014

The EnEV has to be amended in order to transpose all requirements of the recast
EPBD. Thus, the Federal Ministries of ‘Transport, Building and Urban Develop-
ment” and ‘Economics and Technology’ developed a ministerial draft
(BMVBS,BMWI 2012) which is currently being commented on by the Federal
States and associations in order to allow the drafting of an official final version of
the government. Several months may still be necessary before the final version will
enter into force; thus, it is possible that the new EnEV amendment will even be
named ‘EnEV 2014’°. The most important changes compared to the EnEV 2009 are
as follows (status: last version from October 2012):


http://dx.doi.org/10.1007/978-1-4471-5523-2_3#Tab5
http://dx.doi.org/10.1007/978-1-4471-5523-2_5#Tab1
http://dx.doi.org/10.1007/978-1-4471-5523-2_5#Tab6
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Table 3 Maximum values of heat transfer coefficients in initial installation, replacement and
renovation of components (Regierung der Bundesrepublik Deutschland 2009)

Line Component

Zones of
commercial
buildings with
indoor temperatures
from 12 to < 19 °C
Maximum values of heat transfer coefficients

Measure
according to

Residential buildings
and zones of commercial
buildings with indoor
temperatures > 19 °C

Umax l)
1 2 3 4
1 Outside walls No. latod 0.24 W/(m?K) 0.35 W/(m*K)
2a  Outside windows, No. 2a and b 1.30 W/(m?*K)? 1,90 W/(m*K)?
French doors
2b  Skylights No. 2a and b 1.40 W/(m*K)* 1.90 W/(m*K)*
2¢  Glazing No. 2¢ 1.10 W/(m*K)® No requirement
2d  Curtain walls No. 6 sentence 1 1.50 W/(m*K)¥ 1.90 W/(m*K)*
2e  Glass roofs No. 2a and ¢ 2.00 W/(m?*K)> 2.70 W/(m*K)>
3a  Outside windows, No. 2a and b 2.00 W/(m?*K)? 2.80 W/(m?K)*»
French doors,
skylights with
special glazing
3b  Special glazing No. 2¢ 1.60 W/(m*K)* No requirement
3¢ Curtain walls with No. 6 sentence 2 2.30 W/(m*K)¥ 3.00 W/(m’K)?
special glazing
4a  Ceiling, roofs and No. 4.1 0.24 W/(m*K) 0.35 W/(m’K)
roof pitch
4b  Flat roofs No. 4.2 0.20 W/(m?K) 0.35 W/(m?K)
5a  Ceilings and walls No. 5a,b,dand e 0.30 W/(mzK) No requirement
against unheated
spaces or the earth
5b  Floor construction No. 5¢ 0.50 W/(mzK) No requirement
5c  Ceilings bordering No. S5atoe 0.24 W/(mzK) 0.35 W/(mzK)
external air below
1. Requirements for new buildings are further tightened towards the EPBD

requirement of nearly zero-energy buildings: primary energy requirements in
steps: first by 12.5 % (in January 2014); from January 2016 by 25 % (for all
new buildings), both compared to the requirements of the EnEV2009;
Tightening of building shell requirements for residential buildings (specific
transmission heat loss, see Table 7) and commercial buildings (average heat
transfer coefficients, see Table 8) (Tables 7, 8).

. Reduction in the primary energy factor of electricity from 2.6 currently to 2.0 in

2014 and then to 1.8 in 2016;
Introduction of the obligation for publishing energy performance indicators in
real estate advertisements.

. Rescaling of the ‘Energy ranges’ in energy performance certificates of resi-

dential buildings up to 250 kWh/m?a and strengthening of modernisation
recommendations;


http://dx.doi.org/10.1007/978-1-4471-5523-2_5#Tab7
http://dx.doi.org/10.1007/978-1-4471-5523-2_5#Tab8
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Table 5 Maximum values of the specific transmission heat loss related to the heat-transmitting
surface area in residential buildings (Regierung der Bundesrepublik Deutschland 2009)

Line Type of building Maximum value of the specific
transmission heat loss (W/(m”K))
1 Detached residential building with Ay < 350 m?> H/T =0.40
with Ay > 350 m*>  Hj = 0.50
2 Semi-detached residential building H} = 0.45
3 All other residential buildings H} = 0.65
4 Extensions and expansion of residential buildings H} = 0.65

in accordance with Sect. 9 paragraph 5

Table 6 Maximum values of the average heat transfer coefficients of the heat-transmitting
surface area of commercial buildings (Regierung der Bundesrepublik Deutschland 2009)

Line Component Maximum values of heat transfer coefficients,
related to the average of the relevant components
Zones with target Zones with target room
room temperatures temperatures in the case
in the case of of heating from
heating > 19 °C 12 to < 19 °C (W/(m’K))
(W/(m’K))
1 Opaque exterior components, U=035 U=0.50
if not contained in components
of Lines 3 and 4
2 Transparent exterior components, U=1.90 U =280
if not contained in components
of Lines 3 and 4
3 Curtain wall U=1.90 U =3.00
4 Glass roofs, light bands, U=3.10 U=3.10

dome lights

Table 7 Tightening of maximum values of the specific transmission heat loss related to the heat-

transmitting surface area in residential buildings

New buildings
till 31.12.2015

New buildings
from 1.1.2016

Type Area En EV
An* (m?) 2009

Free standing An < 350 0.4
An > 350 0.5

One side attached An < 350 0.45

Two side attached An < 350 0.65

Extensions and add-ons 0.65

(§9 Abs. 5)
Other residential 0.65

0.38 (=5 %)
0.46 (—8 %)
0.4 (=11 %)
0.45 (=30 %)
0.65(0 %)

0.5 (=23 %)

0.36 (—10 %)
0.42 (=16 %)
0.36 (—20 %)
0.38 (—41 %)
0.65(0 %)

0.45 (=30 %)
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Table 8 Tightening of maximum values of the average heat transfer coefficients of the

heat-transmitting surface area of commercial buildings

Type EnEV New buildings New buildings
2009 till 31.12.2015 from 1.1.2016
Opaque outer elements 0.35 0.32 (—8 %) 0.28 (=20 %)
Transparent outer elements 1.9 1.7 (=10 %) 1.5 (=21 %)
Curtain wall 1.9 1.7 (=10 %) 1.5 (=21 %)
Glass roofs, skylight, etc. 3.1 2.8 (—10 %) 2.5 (=19 %)

4. Introduction of control systems for the compliance towards energy performance
certificates, inspection reports of air-conditioning systems;

5. No change for existing buildings undergoing a refurbishment. Just the heat
transfer coefficient requirement for outer doors has been tightened by approx-
imately 38 %, and the trigger moment for the refurbishment of facades has been
changed slightly.

6. Introduction of the ‘Model Building Approach’ (also called EnEV easy) as
another alternative primary energy calculation method for residential buildings;

3.2.3 Act on the Promotion of Renewable Energies in the Heat Sector
(Heat Act, EEWirmeG)

The EEWirmeG is an important regulation enforcing the use of renewable ener-
gies in the heat sector. The law was introduced in 2009 and amended in 2011. Part
2 of the EEWirmeG states obligations for a specific share of the heating demand
(space heating and domestic hot water) that has to be produced by renewable
energy sources in all new buildings and public buildings undergoing a major
renovation. The overall target stated in the law is a 14 % renewable energy share
in the heat consumption of Germany by 2020.

The EEWarmeG defines a major renovation as ‘any measure within a period not
exceeding two years, by which a building has:

1. its boiler replaced or the heating system switched to another fossil fuel and;
2. over 20 % of its envelope renovated’.

The EEWirmeG affects buildings with a useful floor area of more than 50
m$2$ and which require heating or cooling. The requirements are clearly defined
for each type of renewable energy source (technology). These have to cover a
certain share of the total energy demand for heating and cooling and are defined as
follows:

e Solar energy: 15 %

e Gaseous biomass: 30 %

e Liquid/solid biomass: 50 %

e Geothermal energy and ambient heat: 50 %.
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An important amendment made in the latest version of the EEWadrmeG is the
role model of public buildings and the expansion of the definition of ‘heat’, now
also considering ‘cold’. Special requirements for public buildings undergoing
major renovations are stated in Articles 5a of the law. In case of a major reno-
vation with the use of gaseous biomass, a minimum share of 25 % of the heating
and cooling demand of the buildings has to be covered by the renewable source.
For the deployment of all other renewable sources, the necessary share is 15 %.

All building owners obliged to fulfil the requirements of the EEWirmeG are
also allowed to alternatively implement one of the following measures:

e Exhaust heat: If exhaust heat pumps are used, 50 % of the heating demand has
to be covered. If a ventilation system with heat recovery is used, a heat recovery
rate of at least 70 % and a coefficient of performance (usable heat/electricity
input) of 10 have to be achieved.

e Combined heat and power (COP): The COP plant has to be highly efficient,
which means that the generation needs to result in primary energy savings
compared to a reference situation;

e Energy saving measures: The maximum allowed primary energy demand and
insulation requirements according to the actual EnEV have to be reduced by at
least 15 %. In new public buildings, the average heat transfer coefficient has to
be reduced by 30 % and in the case of a major renovation by 20 % compared to
the requirements of the EnEV.

e District hot or cold temperatures: Allowed if a significant share of the hot or
cold temperature is generated from renewable sources or a minimum 50 % by
exhaust heat or CHP or a combination of all.

The Federal States are allowed to set higher obligations (see the following
example of Baden-Wiirttemberg).

Example from Baden-Wiirttemberg—EEWdrmeG-BW

One interesting transposition of the requirements on national level has been made in
the Federal State of Baden-Wiirttemberg. The EEWiarmeG-BW already entered
into force one year earlier than on national level (1 January 2008). Since January
2010, the obligation to use renewable energies in buildings has even be expanded to
existing buildings, and thus, Baden-Wiirttemberg was the first and still is the only
Federal State where renewable energy systems have to be considered in the case of
a refurbishment of residential buildings, when the heating system is exchanged. In
this case, at least 10 % of the heating demand has to be covered by renewable
energies (depending on the specific technology). Also, the EEWiarmeG-BW offers
the opportunity to use alternative measures. Deviating from the options on national
level, in Baden-Wiirttemberg, a ventilation system with heat recovery is not con-
sidered in the law; instead, a photovoltaic system can be installed.
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The evaluation report of the EEWarmeG-BW (UM Baden-Wiirttemberg 2011)
has shown that in about 42 % of all refurbishment cases, a solar thermal system
has been installed, in 18 % a solid biomass, in 15 % biogas/bio oil, 3 % installed a
heat pump and about 7 % used an alternative measure according to the law. For
about 15 %, the obligation did not apply. In new buildings, the distribution dif-
fered significantly, led to about 34 % by alternative measures, 30 % heat pumps,
24 % solar thermal systems and 10 % solid biomass.

Whether the introduction of the obligation for existing buildings has led to a
permanent decrease in the modernisation rate of heating systems in Baden-
Wiirttemberg cannot clearly be confirmed at this time.

Amendment of the EEWdrmeG

The EEWirmeG is expected to be amended in 2013. According to the evalu-
ation report of the EEWirmeG (BMU 2012; Hofmann et al. 2012), an option is
also the expansion of the obligation for renewable energy systems to existing
buildings. The following possibilities are just examples extracted from (BMU
2012; Hofmann et al. 2012), which show how the building stock could generally
be addressed.

A principal consideration of the building stock is already stated in the European
Renewable Energy Directive (European Parliament and the Council of the
European Union 2009):

By 31 December 2014, Member States shall, in their building regulations and codes or by
other means with equivalent effect, where appropriate, require the use of minimum levels
of energy from renewable sources in new buildings and in existing buildings that are
subject to major renovation. Member States shall permit those minimum levels to be
fulfilled, inter alia, through district heating and cooling produced using a significant
proportion of renewable energy sources.

One way to address the building stock in the EEW#drmeG is a regulative con-
sideration. Thus, the regulative requirement can be defined in different ways:

e Different minimum shares for renewable sources (technologies)
e Different trigger moments

e Temporally graduated regulations

e Combination with complementing financial incentives.

One concrete option to expand the obligation on existing buildings would be a
similar obligation as for new buildings.

Alternatively, the obligation can specifically be adjusted to existing buildings,
for example, through a reduced obligation in terms of minimum shares of the
heating demand that has to be covered by renewable energies. In order to achieve
the same effects as in the first option, a complementing financial incentive had to
be offered. Thus, the buildings owners would be motivated to voluntarily exceed
the obligation. This configuration would be similar to that in Baden-Wiirttemberg.

A further way to address the building stock is to connect the reduced obligation
with another trigger moment, adjusted to criteria related to energy efficiency and
air pollution control (e.g. stepwise increase in requirements regarding existing



Policy Instruments 41

heating systems). As a result, owners of inefficient heating systems that no longer
comply with the new more ambitious standards exchange these systems and in this
process would need to comply with the requirements of the EEWarmeG.

However, whether the EEWirmeG will finally be expanded to existing build-
ings is still unsure. But, especially as Directive 2009/28/EC requires that member
states set requirements regarding the use of minimum levels of energy from
renewable sources in existing buildings that are subject to major renovation and
due to the positive experiences in Baden-Wiirttemberg, it can be expected that the
Federal Government, somehow, will extend the EEWirmeG.

3.2.4 Heating Cost Ordinance, 2008'

The ordinance was introduced for the first time in 1981 and was revised three
times in 1984, 1989 and 2008 (started in 2009). The first version of the document
deals mainly with the obligation of the building owners to install metering systems
and to report costs of heating and hot water supply to the consumers/users. The
regulation aims to create an incentive for more rational use of heat and hot water
by providing information on energy consumption and costs. Whereas the 2009
amendment of the ordinance engages with energy policy goals, the previous
revisions aimed to eliminate failures which occurred in the practice.

One important new element that has been introduced in the 2008 amendment is
an exemption of the obligation for new or refurbished buildings which have an
annual heating demand of less than 15 kWh/m? (passive houses). The aim is to
create an additional incentive to achieve this passive house standard during new
construction and refurbishment of buildings (Lilova 2012).

3.3 Incentives for Energy-Related Building Refurbishments

The building-related incentive programmes on national level are mainly provided
by the governmentally owned KfW bank and the Federal Office of Economics and
Export Control (BAFA). The KfW bank group offers a large number of financing
programmes for both energy efficient refurbishment and new energy efficient
buildings (KfW 2013):

e Programme 151 ‘Energy Efficient Refurbishment—KfW Efficiency house’ (soft
loan)

e Programme 152 ‘Energy Efficient Refurbishment—Single measures’ (soft loan)

e Programme 153 ‘Energy Efficient Construction’ (soft loan)

e Programme 274 ‘Renewable energies standard—Photovoltaic’ (soft loan)

! (Verordnung iiber die verbrauchsabhingige Abrechnung der Heiz- und Warmwasserkosten
(Verordnung iiber Heizkostenabrechnung—Heizkosten V)), 2009.
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e Programme 430 ‘Energy Efficient Refurbishment—Grant’
e Programme 431 ‘Energy Efficient Refurbishment—Refurbishment supervision’
(grant).

All of these programmes influence the refurbishment activities in the German
building stock, also the ‘Energy Efficient Construction’ programme which gives
soft loans for efficient new constructions.

The BAFA provides incentives for on-site energy advice, renewable energy
heating systems and combined heat and power (CHP). On regional and even on
city level, many more programmes may exist which are not described here.

3.3.1 KfW Energy Efficient Refurbishment

The CO, building refurbishment programme (today: Energy Efficient Refurbish-
ment) started in 2001, when it became part of the National Climate Protection
Programme, which aims to reduce the emissions of CO? in the building sector
through energy-related refurbishments. To achieve the reduction targets of this
programme, the KfW developed several measures for energy savings and climate
protection in the building sector. The programme has shown a very positive impact
regarding the reduction of CO, emissions (Bigalke et al. 2012; Diefenbach et al.
2012). Furthermore, the ‘Energy Efficient Refurbishment’ programme contributes
to the introduction of efficient and modern technologies in the market of building
refurbishment and, at the same time, incentivise individual measures towards
energy savings (Diefenbach et al. 2012).

The annual budget for these programmes is set by the national government in
the framework of the energy package. In 2012, the fund for the ‘Energy Efficient
Refurbishment Programme’ was increased to 1.5 billion euros, and for 2013, it has
again been increased by an additional 300 million euros to 1.8 billion euros.
Figure 7 shows the development of funds from 2006 to 2013 [numbers from
(Bigalke et al. 2012; SWR 2012)].

The programme is divided into several subprograms, namely the programme
430 for grants and subsidies, the programme 151 for loans for the development of
KfW efficiency houses and the programme 152 for loans for individual measures
or a combination of them. Programme 431 provides grants for a professional
consultation of the refurbishment activity.

These programmes are all developed to enable house owners or renters to
refurbish single- or two-family houses to KfW efficiency house standard or to take
individual measures within an energy efficient refurbishment. The programme
considers a wide variety of measures:

e the optimisation of the building envelope, for example, the thermal insulation of
exterior walls, roofs, ceilings and basement floors, replacement of doors and
windows, but also
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- Calculation methodolgy, HVAC and DHW, and Primary energy demand
-Introduction of energy performance certificates for new buildings

- Change of DIN-norms
- ,Repair-Novella"

- Implementation of the EPBD
- Introduction of energy performance certificates in the stock

- Tightening of requirements by 30 % compared to EnEV 2007

- Introduction of ,Reference Building Approach" for residential buildings
- Expansion of the requirement to refurbish building components

- Phase out of electrical storage heating systems

- Measures to strengthen the implementation of the regulation

- Further tightening of requirements stepwise in 2014 and 2016 (new b.)
- Introduction of ,Model Building Approach”, in addition to other methods
13

- Introduction of control mechanisms
Fig. 6 Chronological development of EnEV requirements
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Fig. 7 National available funds for the ‘Energy Efficient Refurbishment Programme’ between
2006 and 2013

e the supply side (HVAC) as, e.g. solar thermal installations, replacement of
heating systems or equipments and optimisation of heat distribution (for existing
heating systems, in the case of the programmes 152 and 430), installation of a
ventilation system,

e additional construction costs (including the cost of the involved professionals),
consulting, design and construction supervision. In the specific case of the
programme 431, the incentive is intended to cover services for detailed
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planning, assistance with tendering and incoming proposals, evaluation, control
of the construction work and inspection, approval and evaluation of the
refurbishment.

The better the achieved energy efficiency level of the building, the better the
fund, either through lower interest rates or through larger grants that do not have to
be paid back (Bigalke et al. 2012).

Programme 430

Since 2013, within the programme 430 for individual measures, the households
can get a grant that covers up to 10 % of the investment costs with a maximum of
5,000 euros. For an energy efficient refurbishment of the entire building, house-
holds can get a grant of up to 18,750 euros depending on which KfW standard was
achieved with the renovation activity (SWR 2012).

Programme 151 + 152

The KfW additionally offers soft loans for comprehensive building measures. In
programme 151, building refurbishments achieving an ‘efficiency house standard’
get special conditions for loans up to 75,000 euros per dwelling and, depending on
the achieved standard, get an additional redemption grant of varying sizes up to
12.5 %. Also, for individual measures, the KfW offers loans with low interest rates
of up to 50,000 euros (programme 152).

Programme 431

Within the programme 431, households can get a grant that covers up to 50 % and
a maximum of 4,000 euros of the costs for a professional supervision of a refur-
bishment activity.

So far, the KfW does not provide incentives for KfW ‘efficiency house 40’
refurbishments. The most ambitious refurbishments that are promoted by the KfW
are refurbishments to the standard ‘efficiency house 55°. The first year of incen-
tives for this building standard was in 2010. The KfW statistics (KFW 2012) of
recent years show that more than 400 of such buildings are directly supported by
the KfW per year. But also other high-performance standards such as the efficiency
house 70 and 85 have been achieved through refurbishments (see Fig. 8).

Figure 8 shows that even if the total number of promoted refurbishments
decreased in the period 2010-3.Q 2012, the specific share of ‘efficiency house 55’
has increased from about 1.7 % in 2009 to about 10 % in 2012. However, no
refurbishments have yet achieved the efficiency house 40 standard yet and it is still
not clear whether the KfW will accept this standard into its programme in 2013.


http://dx.doi.org/10.1007/978-1-4471-5523-2_3#Fig8
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‘Energieeffizient Sanieren’, 2009-3. quarter 2012 (KFW 2012)

3.3.2 KfW Energy Efficient Construction

The KfW programme ‘Energy Efficient Construction’ started in 2009. Similar to
the previous programme called ‘Ecological building’, this programme provides
financial support for energy efficient building projects through loans with low
interest rates (Diefenbach et al. 2012).

The specific building standards under this programme go beyond the require-
ments for new buildings set by the actual EnEV. To achieve these standards, it is
necessary to implement an extensive package of measures regarding thermal
insulation and heat supply. Thereby, the support programmes from the KfW have
an important role in trendsetting new energy efficiency standards and technologies
as well as their introduction in the market.

For instance, it is interesting to observe the important contribution of the KfW
funds in the new construction market: the number of new buildings funded by the
KfW in 2011 represents 41 % of the total number of permissioned building in this
year in Germany (Diefenbach et al. 2012).

In 2011, three different levels of the KfW efficient house were funded by the
‘Energy Efficient Construction’ programme, namely the KfW efficiency houses 40
(or passive houses), 55 and 70, which are defined in relation to the new building
standards of EnEV 2009.

Although the efficiency house 40 and the passive house standard are not sup-
ported in the ‘Energy Efficient Refurbishment’ programme, they help to raise
awareness for these standards which would be in line with the proposed nZEB
standard of Erhorn et al. (2012), see Sect. 2. Thus, the ‘Energy Efficient Con-
struction’ programme has an important impact on the refurbishment sector as it
provides incentives for standards that are still more efficient than those of the KfW
refurbishment programme. It also raises awareness of overly ambitious standards
before they are supported later on in the refurbishment programme.


http://dx.doi.org/10.1007/978-1-4471-5523-2_4
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3.3.3 BAFA On-Site Energy Advice

This programme is coordinated by the Federal Office of Economics and Export
Control (BAFA) and provides grants for consultation services in the field of energy
efficiency and energy savings for home owners, companies of the building industry
and agricultural.

After an individual analysis of the building, the energy expert creates a reno-
vation concept for the building and an action plan with most recommended
measures in order to achieve the eligible energy saving standards of a specific KfW
efficiency house, based on the KfW ‘Energy Efficient Refurbishment’ programme
(BMWI 2012b).

The energy consultant is responsible for applying for the grant. The cost for a
single- or two-family house is 400 euros and 500 euros for a building with 3 or
more residential units. The grant, however, only covers up to 50 % of the con-
sultancy fees. In addition, the programme offers a bonus of 50 euros for the
integration of additional electricity saving measures and up to 100 euros for
thermographic inspections (BMWI 2012b).

3.3.4 Energy Advice for Private Customers

Through this programme, consultation is provided for customers by experienced
experts in energy-related issues, including, among other topics, insulation mea-
sures, solar energy, energy efficient heat pumps and advice regarding available
incentive programmes. This is provided by the ‘consumer advice centres’ of the
Federal States and is funded by the Federal Ministry of Economics and Tech-
nology (BMWTI). Within this programme, advice for private customers is given
through personal consultation in the advice centre, case management through an
on-site consultation with the household, telephone consultation, online consulta-
tion, basic check-up, building check and inspection of condensing devices. The
services are not cost free but are partially financed by the BMWI and thus cost-
reduced and comparably cheap (Verbraucherzentrale 2012).

3.3.5 BAFA Market Incentive Programme for Renewable Energies
(Marktanreizprogramm, MAP)

The Market Incentive Programme for Renewable Energies (MAP) is financed by
the Federal Office of Economics and Export Control (BAFA) and provides support
for a variety of technologies in the field of renewable energy systems in the
building sector, such as solar thermal installations, biomass (pellet) boilers and
heat pumps. Therefore, the MAP programme represents the main financial
instrument in this field. It offers grants for small-scale project refurbishments of
existing or new single- and two-family houses.
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Figure 9 shows the amount of funds available for the MAP programme between
2009 and 2012.

Since 2008, the promotion in this programme has consisted of a base incentive
and a bonus incentive. The bonus incentive is available for especially effective
systems or combinations of different renewable energy sources. Table 9 shows the
promotion conditions for selected measures in the MAP programme (Numbers
from (BAFA 2012; Enbausa 2012)) (Table 9).

Furthermore, the MAP evaluation report (Langnif3 et al. 2010) analysed how the
Federal fund in the MAP has been used in recent years. The following Fig. 10
shows the distribution of funded systems distinguished by biomass systems, solar
thermal systems and heat pumps.

Figure 10 shows that the majority of funded systems in the MAP are solar
thermal systems with a share of approximately 60 % in 2011, followed by biomass
plants with a share of about 30 % and heat pumps with about 10 %.

3.3.6 Renewable Energy Sources Act (EEG) 2012

The renewable Energy Sources Act (‘Act on granting priority to renewable energy
sources’, EEG) was established in 2000. It is the main instrument for the expansion
of renewable energy systems producing electricity. The objective is to increase the
share of renewable energy sources in the German electricity supply by 35 % until
2020, 50 % until 2030, 65 % until 2040 and 80 % until 2050. The Act ensures that
produced electricity from renewable sources is purchased by the local energy
supplier and guaranties a specific price for each kWh electricity for the next
20 years. The act strongly promotes the spreading of photovoltaic plants (PV) on
buildings and thus is an important instrument that opens the door for nZEB


http://dx.doi.org/10.1007/978-1-4471-5523-2_3#Tab9
http://dx.doi.org/10.1007/978-1-4471-5523-2_3#Fig10
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refurbishments or even plus energy buildings in Germany (The Federal
Government 2012a).

Figure 11 illustrates the annual newly installed photovoltaic capacity in
Germany since 2000 (BSW-Solar 2013).
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3.3.7 Combined Heat and Power Act, 2012

The Combined Heat and Power Act (KWKG) aims to promote and increase the
generation of electricity from combined heat and power in the Federal Republic of
Germany to 25 percent by 2020 in order to contribute to the energy conservation
targets, environmental protection and the achievement of climate change objec-
tives of the Federal Government. This act supports the modernisation and con-
struction of combined heat and power plants (CHP), the market introduction of
fuel cells and the funding for the construction and expansion of heating and
cooling systems as well as the construction and extension of heat and cold storage
in the heat or cold CHP plants. Based on this act, a specific amount of money is
paid to system owners for each kWh electricity that is fed into the grid (Bun-
desrepublik Deutschland 2012).

3.4 Market Instruments Related to Building Refurbishments

In Germany, different kinds of market instruments exist in order to stimulate the
energy efficient transition of the existing building stock in order to achieve energy
savings and climate protection targets. These market instruments work as tools for
promoting and strengthening energy efficiency-related issues in the market (Big-
alke et al. 2012). A selection of the most important instruments and stakeholders is
described below.

3.4.1 State funded Agencies for the Dissemination of Information
and Awareness Raising

The main objectives are the dissemination of information and the development of
related policies linking the different stakeholders involved in the process.

German Energy Agency (dena)— ‘Thema Energie’

The ‘dena’ has diverse functions as a market instrument, especially regarding
the promotion of energy efficient solutions and development of energy alternatives,
through information, consultation and research programmes. It provides infor-
mation for the general public regarding energy-related topics, such as intelligent
energy systems, energy efficiency and renewable energy sources, and also, dena
carries out research and analysis programmes and works together with stake-
holders in order to develop projects in the mentioned topics (Lilova 2012).

For the dissemination of information, dena has created the Internet platform
‘Thema Energie’ and the ‘Energy Hotline’. On the Website, professionals and
customers can find information regarding energy efficiency, renewable energies,
heating and power systems, consultation and funding opportunities, databases and
catalogues. In the ‘Energy Hotline’, both professionals and homeowners cannot just
find information but also advice regarding the aforementioned topics (dena 2012).
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Agency for Renewable Energies (AEE)

The AEE is the result of a public—private partnership (state, companies and
associations). It is partly financed by the Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety (BMU) and Federal Ministry of Food,
Agriculture and Consumer Protection (BMELYV). Its objectives are the promotion
of alternative energy sources and to offer information concerning the advantages of
energy systems based on renewable energy sources for electricity production
(Lilova 2012).

Agency for Renewable Resources (FNR)

The FNR (Fachagentur Nachwachsende Rohstoffe e.V.) was founded in 1993 by
the German Federal Ministry of Food, Agriculture and Consumer Protection. Its
main responsibility is to support research and development in the area of renew-
able resources, but also to inform the public about current research results, to give
advice on a range of applications of renewable resources and to organise and take
part in scientific events.

The Information service (BINE)

This programme has been developed by the BMU and the BMWi in cooperation
with the German Energy Agency (dena). The purpose is to provide information
about financing opportunities for renewable energy and energy savings in the
building and industrial sector (Lilova 2012).

3.4.2 Energy Performance Certificates

Energy performance certificates include details of the building use and construc-
tion, including its energy performance (building envelope and the systems for
lighting, heating, ventilation, cooling and hot water). These certificates have been
mandatory for new buildings and major refurbishments since 2002 and have a
validity of 10 years. The certificates can be of two types: based on calculated
demand and consumption based (according to the records of heating costs for at
least 36 continuous months). An important component of these certificates is the
recommendation for cost-efficient modernisation measures to bring down the
energy consumption of the building. The general objective of these certificates is
to bring more transparency to the market and raise the interest of owners to invest
in the energetic refurbishments of their buildings (Bigalke et al. 2012; Schimschar
et al. 2013b).



52 S. Schimschar

3.4.3 Information and Motivation: National Information
and Communication Programs

One of the most important steps to promote the energetic refurbishment of
buildings is the dissemination of information both for the users and for the pro-
fessionals. The ‘House of the Future’ campaign and CO, building refurbishment
programme are launched by the BMVBS and are part of the German support
strategy. The main objectives are the motivation and information of consumers/
owners, tenants, professionals of the building sector and the construction industry
regarding energy efficient solutions and renewable energy alternatives (Bigalke
et al. 2012; Schimschar et al. 2013b).

The ‘Climate Seeks Protection’ campaign is carried out by co2online GmbH
and is cofunded by the German Federal Ministry for the Environment. The
objective of the campaign is to motivate consumers (private households, trade and
commerce) to get informed and to invest in energy efficiency heating and cooling
systems and energy-related building refurbishments. The main components are
online advises, prize competitions and media campaigns (co2online 2012).

3.4.4 Market Transparency and Quality Assurance

An important quality assurance instrument has been implemented with the EnEV
2009 amendment. Thus, a written declaration of the construction company has to
be provided that certificates that all changes in the building and installed systems
and equipment meet the requirements of the EnEV (Bigalke et al. 2012).

For the motivation of the households and building owners, it is also important to
get access to professional advice assuring the selection of the best and most cost-
effective refurbishment options. Thus, a list of energy efficiency experts for federal
funding programmes was implemented in 2011. Qualified professionals can reg-
ister in this database for the programmes ‘on-site energy advice’ from the BAFA
(see Sect. 3.3.3) and KfW programme 431 ‘Energy Efficient Refurbishment—
Refurbishment supervision’. Companies or private users can then search for a
qualified professional according to the location and specialisation (Bigalke et al.
2012).

Another list of energy-related services is offered by the ‘Federal Office for
Energy Efficiency’ (BfEE). This is a list of providers/suppliers of energy services,
energy audits and different energy efficiency measures.

3.4.5 Research and Pilot Projects

It is very important to assess the energy efficiency potential in the building sector
and therefore allowing the appropriate promotion of innovative, reliable and
affordable solutions and ensuring their entry into the market. For this purpose, the
German Ministries implemented many programmes related to applied investigation.
A selection is presented here.


http://dx.doi.org/10.1007/978-1-4471-5523-2_3
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Research for an environmentally sound, reliable and affordable Energy Supply

Within this programme and the Federal Government’s Energy Concept of 2010,
the research and funding focus of the Federal Government’s policies for the
coming years is defined. The main objective is the improvement in the cooperation
between economy, science and politics. Moreover, the programme promotes the
research and development of innovative solutions for energy technologies in the
field of renewable energies, energy efficiency, energy storage and energy network.
In addition to this, the programme aims to build international cooperations in the
field of research on energy technologies (Bigalke et al. 2012).

‘Future Building Campaign’ (Zukunft Haus)
The objective of this programme is to research and promote energy efficiency and
the use of renewable energy on the building sector through the development of pilot

projects, materials and technologies. The solutions found would then be brought
into the market as tested, mature and approved solutions (dena Gebdudereport).

Table 10 List of building sector-related associations in Germany

Name of Association URL

Federal Bio-energy Association (BBE) http://www.bioenergie.de
Federal Renewable Energy Federation (BEE) http://www.bee-ev.de
Federal Solar Industry Association (BSW) http://www.solarwirtschaft.de
Federal Heat Pumps Association (BWP) http://www.waermepumpe.de
Wood and Pellet Association (DEPV) http://www.depv.de

Federal Industrial Association of Building Services (BTGA) http://www.bhks.de

Federal Industrial Association of Germany House, Energy and  http://www.bdh-koeln.de
Environmental Technology (BDH)

The energy efficiency association for heating, cooling and CHP http://www.agfw.de/
(AGFW)

German Refrigeration and Air-Conditioning Association (DKV) http://www.dkv.org

Association thermal insulation composite system http://www.heizkosten-
einsparen.de/
Building Climate Association (FGK) http://www.fgk.de
Association of Insulating Materials Industry (GDI)—http:// http://www.gdi-
www.gdi-daemmstoffe.de daemmstoffe.de
German Engineering Federation (VDMA) http://www.vdma.org

Association of the German Refrigeration and Air-Conditioning http://www.vdkf.de
Specialized Companies (VDKF)
Central Association for Sanitation, Heating and Air-conditioning http://
(ZVSHK) www.wasserwaermeluft.de
Association for insulation materials from renewable raw
materials (ADNR)
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‘On the way to the efficient house Plus’

This is a programme for building refurbishments with the same principles as the
‘Future Building’ programme mentioned above. ‘Dena’ shows, through pilot
projects, best practice examples of cost-effective energetic refurbishments that
have the potential to be transferred and reproduced. Furthermore, this programme
serves as a tool for the further development of political instruments in this field
(Bigalke et al. 2012).

3.4.6 Relevant Associations

Associations are funded and formed by private companies and professionals of
each specific operational area. The different associations have the main goal to
increase the share of their specific technologies in the market. For this purpose, the
associations aim to promote the dissemination of information among customers
and stakeholders as well as to strengthen their political importance or impact. They
have a strong political presence and are usually involved in both political relations
and political advice. A selection of relevant agencies related to building tech-
nologies is listed below: (Table 10).

4 Conclusions

Germany has introduced a clear legislative framework with regard to nearly zero-
energy building refurbishments. The German legislative system is well structured
and organised and is easily accessible. The wide availability of financial instru-
ments facilitates the penetration and further development of nZEB. The most
important support instrument of the German government is the KfW scheme
‘Energy Efficient Refurbishment’. Through soft loans and grants, it offers strong
incentives for building owners to refurbish their buildings to a high-performance
standard. However, the current research status regarding a possible nZEB definition
and primary energy requirement is expected to be at a level of about 30 kWh/m*a
and such a refurbishment standard is so far not promoted by the KfW.
Nevertheless, the KfW incentive statistics show that already, many high-
performance refurbishments take place in the building stock and the share of most
ambitious building refurbishments is continuously growing. This trend is also
supported by the strong ‘Market Incentive Programme for Renewable Energies’
(MAP), which is the main tool for the market expansion of renewable energy
technologies in the domestic energy market. Furthermore, a comprehensive set of
market instruments accompanies the process of high-performance refurbishments.
Information on current legislation, financing possibilities and benefits of high-
performance buildings and renewable energy technologies is provided by minis-
tries, organisations and associations to all actors of the energy market—from
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energy suppliers to the general public. The clear structure of the German
legislative system in combination with the availability of financing tools and
information campaigns has ensured overcompliance with the EU guidelines. In its
effort to remain leader in the field of high-performance buildings and renewable
energy technologies, the Federal Government has established stringent obligations
and has set very ambitious goals for the further development of high-performance
building refurbishments. If the German government does not stop the financial
support in this area, a significant development of nZEB refurbishments can fur-
thermore be expected in coming years.

However, while the draft of the EnEV 2013/2014 introduces stricter require-
ments for new buildings with a view to achieving nearly zero-energy buildings in
2020, there are no major impulses related to high-performance refurbishments.
This leaves a gap on how to achieve the ambition of an ‘almost climate-neutral
building stock by 2050°, but also reflects the circumstance that a refurbishment
road map for Germany is still under discussion.
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Abstract In order to design and realise an efficient built environment life cycle
with focus on climate change mitigation and adaptation, it is necessary to carry out
exhaustive investigations of all the decision and processes that form it. The effi-
ciency level of the considered built environment life cycle depends on a great
many micro, meso and macro factors. The authors of this paper participated in the
different EU projects related with built environment and climate change [Linking
European, Africa and Asian Academic Networks on Climate Change (LEAN CC),
etc.]. One of the LEAN CC project’s goals was to develop a Model and Intelligent
System of Built Environment Life Cycle Process for Climate Change Mitigation
and Adaptation. The presented Model and Intelligent System enables one to form
up to 100 million alternative versions. Intelligent system allows one to determine
the strongest and weakest points of each project and its constituent parts. In order
to demonstrate the micro, meso and macro factors that influence the efficiency of
the built environment in climate change mitigation and adaptation processes, the
Model and Intelligent System will be considered as an example.
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1 Introduction

Climate change mitigation is action to decrease the intensity of radiative forcing in
order to reduce the potential effects of global warming. In contrast, adaptation to
global warming involves acting to tolerate the actual or expected effects of global
warming (IPCC 2010). Most often, climate change mitigation scenarios involve
reductions in the concentrations of greenhouse gases (GHGs), either by reducing
their sources or by increasing their sinks (Molina et al. 2009).

Using data from 73 sites around the world, scientists have been able to
reconstruct Earth’s temperature history back to the end of the last Ice Age,
revealing that the planet today is warmer than it has been during 70-80 % of the
time over the last 11,300 years (Marcott et al. 2013).

Surface temperature reconstructions of the past 1,500 years suggest that recent
warming is unprecedented in that time. Here, we provide a broader perspective by
reconstructing regional and global temperature anomalies for the past 11,300 years
from 73 globally distributed records. Early Holocene (10,000-5,000 years ago)
warmth is followed by ~0.7 °C cooling through the middle to late Holocene
(<5,000 years ago), culminating in the coolest temperatures of the Holocene
during the Little Ice Age, about 200 years ago. This cooling is largely associated
with ~2 °C change in the North Atlantic. Current global temperatures of the past
decade have not yet exceeded peak interglacial values but are warmer than during
~75 % of the Holocene temperature history. Intergovernmental Panel on Climate
Change model projections for 2100 exceed the full distribution of Holocene
temperature under all plausible greenhouse gas emission scenarios (Marcott 2013).

The UN defines mitigation in the context of climate change, as a human
intervention to reduce the sources or enhance the sinks of GHGs. Examples
include using fossil fuels more efficiently for industrial processes or electricity
generation, switching to renewable energy (solar energy or wind power),
improving the insulation of buildings, and expanding forests and other ‘sinks’ to
remove greater amounts of carbon dioxide from the atmosphere (GCCA 2012).
The TAEA, an international organisation using the UN flag and reporting to the
UN, asserts that nuclear power belongs to the set of options available to reduce
greenhouse gas emissions in the power sector (IAEA 2008).

Scientific consensus on global warming, together with the precautionary prin-
ciple and the fear of abrupt climate change (Schneider 2004) is leading to
increased effort to develop new technologies and sciences and carefully manage
others in an attempt to mitigate global warming. Most means of mitigation appear
effective only for preventing further warming, not at reversing existing warming.
The Stern Review identifies several ways of mitigating climate change. These
include reducing demand for emissions-intensive goods and services, increasing
efficiency gains, increasing use and development of low-carbon technologies and
reducing fossil-fuel emissions (Stern 2007).

Residential sector carbon dioxide emissions originate primarily from: direct
fuel consumption (principally, natural gas) for heating and cooking, electricity for
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cooling (and heating), appliances, lighting, and increasingly for televisions,
computers, and other household electronic devices. Energy consumed for heating
in homes and businesses has a large influence on the annual fluctuations in energy-
related carbon dioxide emissions. In the longer run, residential emissions are
affected by population growth, income and other factors. From 1990 to 2008,
residential sector carbon dioxide emissions grew by an average of 1.3 % per year,
U.S. population grew by an average of 1.1 % per year, per capita income (mea-
sured in constant dollars) grew by an average of 1.7 % per year, energy efficiency
improvements for homes and appliances have offset much of the growth in the
number and size of housing units. As a result, direct fuel emissions from petro-
leum, coal and natural gas consumed in the residential sector in 2008 were only
1.5 % higher than in 1990. Energy-related carbon dioxide emissions account for
more than 80 % of U.S. greenhouse gas emissions (EIA report 2009). Other
countries have similar proportions of energy-related carbon dioxide emissions.

Global Carbon Cycle buildings in North America contribute 37 % of total CO2
emissions, while US buildings correspond to 10 % of all global emissions. The
buildings sector of North America was responsible for annual carbon dioxide
emissions of 671 million tons of carbon in 2003, which is 37 % of total North
American carbon dioxide emissions and 10 % of global emissions. Options for
reducing the carbon dioxide emissions of new and existing buildings include
increasing the efficiency of equipment and implementing insulation and passive
design measures to provide thermal comfort and lighting with reduced energy.
Current best practices can reduce emissions from buildings by at least 60 % for
offices and 70 % for homes. Technology options could be supported by a portfolio
of policy options that take advantage of cooperative activities, avoid unduly
burdening certain sectors and are cost-effective (SOCCR 2008). Therefore, best
practices utilisation is a key factor in productively executing a climate change
mitigation and adaptation in built environment project. The main purpose of this
paper is to present the Model and Intelligent System of Built Environment Life
Cycle Process for Climate Change Mitigation and Adaptation which the authors of
this paper have developed.

Sustainable material selection represents an important strategy in building
design. Current building materials selection methods fail to provide adequate
solutions for two major issues: assessment based on sustainability principles and
the process of prioritising and assigning weights to relevant assessment criteria.
Akadiri et al. (2013) proposes a building material selection model based on the
fuzzy extended analytical hierarchy process (FEAHP) techniques, with a view to
providing solutions for these two issues. Assessment criteria are identified based
on sustainable triple bottom line (TBL) approach and the need of building
stakeholders. A questionnaire survey of building experts is conducted to assess the
relative importance of the criteria and aggregate them into six independent
assessment factors. The FEAHP is used to prioritise and assign important
weightings for the identified criteria. A numerical example illustrating the
implementation of the model is given. The proposed model provides guidance to
building designers in selecting sustainable building materials (Akadiri et al. 2013).
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The structure of this chapter is as follows: Sect. 2, which follows this intro-
duction, describes the Model of Built Environment Life Cycle Process for Climate
Change Mitigation and Adaptation. Section 3 analyses the micro, meso and macro
factors that influence the efficiency of the built environment in climate change
mitigation and adaptation processes. Section 4 describes Intelligent System of
Built Environment Life Cycle Process for Climate Change Mitigation and
Adaptation and Case Study ‘Energy-Efficient House Decision Support Sub-system
for Africa’. Certain concluding remarks appear in Sect. 5.

2 Model of Built Environment Life Cycle Process
for Climate Change Mitigation and Adaptation

By modelling and forecasting future perspectives and trends of climate change
mitigation and adaptation in built environment, it is possible to get ready to
respond to the variation of micro-, meso- and macro-level variables. Model of
Built Environment Life Cycle Process for Climate Change Mitigation and
Adaptation suggested by this research is based on presumption that the efficiency
of climate change mitigation and adaptation depends on many micro-, meso- and
macro-level variables. The presence of specific micro-, meso- and macro-level
variable factors right away imposes objective limitations for efficient climate
change mitigation and adaptation in built environment.

Therefore, basing oneself on main worldwide development trends and best
practices, it is possible to issue recommendations on the increase of efficiency of
climate change mitigation and adaptation in built environment in specific country.
When rational variable micro-, meso- and macro-level factors determine for
specific country have been realised, they should create better and more favourable
conditions for efficient realisation of climate change mitigation’s projects would be
created.

The research aim was to produce a Model of Built Environment Life Cycle
Process for Climate Change Mitigation and Adaptation in specific country by
undertaking a complex analysis of micro, meso and macro environment factors
affecting it and to give recommendations on the increase of its competitive ability.

The research was performed by studying the main worldwide development
trends and best practice, taking into consideration specific countries’ history,
development level, needs and traditions. Simulation was undertaken to provide
insight into creating an effective environment for the climate change mitigation
and adaptation in built environment by choosing rational micro, meso and macro
factors. The most of stakeholders of climate change mitigation cannot correct or
alter the micro-, meso- and macro-level variables, but they can go into the essence
of their effect and take them into consideration when realising various activities.
Stakeholders, knowing the micro-, meso- and macro-level factors affecting the
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activities being realised, can organise their present and future activities more
successfully.

To design and achieve effective built environment life cycle with focus on
climate change mitigation a complex analysis of its stages as well as stakeholders,
their aims and potentialities are needed. The effect of micro, meso and macro
environmental factors should also be taken into account.

Dozens of millions of built environment life cycle with focus on climate change
mitigation and adaptation alternative versions can be obtained. The diversity of
solutions available contributes to more accurate evaluation of economical, polit-
ical, technological, emotional, climatic and other conditions, risk exposure, as well
as making the project cheaper and better satisfying different stakeholder’s
requirements. This also leads to better satisfaction of the needs of all parties
involved in the project design and realisation.

Various stakeholders are involved in the life cycle of a climate change miti-
gation, trying to satisfy their needs and affecting its efficiency. The level of the
efficiency of life cycle of a climate change mitigation depends on a number of
variables at three levels: micro, meso and macro level.

The problem is how to define an efficient built environment life cycle with
focus on climate change mitigation and adaptation when a lot of various stake-
holders are involved, the alternative project versions come to hundreds million and
the efficiency changes with the alterations in the environment conditions and the
constituent parts of the process in question. Moreover, the realisation of some
objectives seems more rational from the economic perspective thought from the
other qualitative perspectives they have various significance. Therefore, it is
considered that the efficiency of a sustainable built environment life cycle depends
on the rationality of its stages as well as on the ability to satisfy the needs of the
stakeholders and the rational character of micro, meso and macro environment
conditions.

Formalised presentation of the research shows how changes in the micro, meso
and macro environment and the extent to which the goals pursued by various
stakeholders are satisfied cause corresponding changes in the value and utility
degree of a sustainable built environment life cycle. With this in mind, it is
possible to solve the problem of optimisation concerning satisfaction of the needs
at reasonable expenditures. This requires the analysis of built environment life
cycle with focus on climate change mitigation and adaptation versions allowing to
find an optimal combination of goals pursued and finances available.

The research object is a built environment life cycle with focus on climate
change mitigation and adaptation, stakeholders striving to attain their goals and
micro, meso and macro environment making an integral whole.

Model of Built Environment Life Cycle Process for Climate Change Mitigation
and Adaptation was developed with the goal of integrating different quantitative
and qualitative aspects of the process over the life of the climate change mitiga-
tion. This six-stage model is presented in brief heretofore (see Fig. 1):
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Fig. 1 Climate change mitigation and adaptation in built environment quantitative and
qualitative analyses aspects

Stage 1. Comparative description of the climate change mitigation basing oneself

on main worldwide development trends and best practices (see Fig. 1):

Determining a system of criteria characterising the efficiency of a climate
change mitigation by employing relevant literature and expert methods.
Describing, per this system of criteria, the present state of the climate change
mitigation in countries under consideration in conceptual (textual, graphical,
numerical, virtual and augmented reality and such) and quantitative forms.

Stage 2. Comparison and contrast of the climate change mitigation in countries

under consideration:

Identifying the global development trends (general regularities) of the climate
change mitigation.

Identifying the differences in climate change mitigations in countries under
consideration.

e Determining the pluses and minuses of these differences.
e Determining the best practice for the climate change mitigation in countries

under consideration as per actual conditions.
Estimating the deviation between the knowledge stakeholders have of world-
wide best practices and their practice-in-use.

Stage 3. Development of certain general recommendations on how to improve the

knowledge levels of stakeholders.

Stage 4. Submission of certain recommendations to stakeholders including several

particular alternatives for each general recommendation proposed.
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Stage 5. A multiple criteria analysis of the composite parts of a climate change
mitigation and selection of the most efficient built environment life cycle
with focus on climate change mitigation and adaptation—henceforth
interlinking the received compatible and rational composite parts of a
climate change mitigation into a full climate change mitigation process.

Section 4 ‘Intelligent System of Built Environment Life Cycle Process for Climate
Change Mitigation and Adaptation. Case Study: Energy-Efficient House Decision
Support Sub-system for Africa’ illustrates a part of the Stage 5 ‘A multiple criteria
analysis of the composite parts of a climate change mitigation’ of the Model of
Built Environment Life Cycle Process for Climate Change Mitigation and
Adaptation.

Stage 6. Transformational learning and the redesign of mental and practical

behaviour of different stakeholders.

3 Micro, Meso and Macro Factors that Influence
the Efficiency of the Built Environment in Climate
Change Mitigation and Adaptation Processes

In order to assure the efficiency of a project, it should be executed within certain
bounds that are determined by the built environment. The fact is that these factors
are different in each country, so also the possibilities for efficient realisation of
projects (see Fig. 2) will also vary.

Figure 2 indicates diagrammatically the factors at micro, meso and macro level
which may impinge upon the efficiency of the built environment. This means that
to be efficient the built environment must operate within certain boundaries

Boundary of Boundary of
efficiency macro factors
N /
\ /
\ /
N Economic Y

Fiscal Legal

Boundary of etc. etc.
micro factors Market

Fig. 2 Micro, meso and macro factors that influence the efficiency of the built environment in
climate change mitigation and adaptation processes
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imposed by the micro, meso and macro factors. Recognising that in each country
the factors will be different, this diagram will vary accordingly. It is necessary to
utilise knowledge and experience about the micro-, meso- and macro-level factors,
so as to increase the efficiency level in each country under consideration. This will
be done by analysing the worldwide experience, knowledge and best practices and
applying this to specific country.

Using carbon tax as an example of this, it can be appreciated that if the level of
carbon tax is high, national firms could either go bankrupt because of increased tax
liabilities, or they could decrease efficiency in the face of a lack of competition
from international companies who will not attempt to enter the local market.
Similarly, if the carbon tax level is lowered, this may cause national firms to lose
market share to international companies entering the local market, or to force them
to increase efficiency in the face of such competition.

Such changes in taxation will alter the boundary of efficiency of the built
environment. Similar built environment changes can shift this boundary (the area
within boundary of efficiency expresses the total satisfaction level of needs of all
stakeholders). For example, the specific country government (in order to solve the
most important problems for specific country society) may abolish VAT on new
residential passive houses in order to promote investment in passive housing.
Thus, the boundary of efficiency is extended to include this new development from
the former situation. After development of the specific country passive house
sector, the boundary will alter again (Fig. 3 illustrate a revised level of efficiency
as an example of how to take account of these alterations).

Figure 4 graphically illustrates interrelationships between macro level factors
and the built environment. The area inside the ellipse represents the positive action
of specific macro-level factors on the efficiency of the built environment. The area
outside the ellipse represents the negative effect of the macro-level factors on the
efficiency of the built environment, where the macro-level factors overlap a better
environment for the built environment is created. In this case, the optimum
environment for the built environment is when all four ellipse areas are overlap-
ping (i.e. economic, fiscal, legal and market). The greater the common overlapping

Revised Boundary Revised Boundary
of Efficiency of macro factors

Economic

etc.

Fiscal Legal

Revised Boundar); etc. etc.
of micro factors Market

Fig. 3 Fluctuation of efficient boundary of micro, meso and macro environment
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Fig. 4 Determination of %
optimal, rational and negative Optimal / Rational
environment for the built environment f environment

environment

Negative
environment

area (taking into account the significance of the factors), the greater will be the
efficiency level of the built environment. Having investigated the effects of the
micro, meso and macro variables affecting built environment by using best prac-
tices, differences have been identified between these and specific country. On the
basis of these differences, the main implications for specific country can be
identified. Studying only some worldwide experience, knowledge and best prac-
tices could lead to any inferences being purely subjective. However, by studying a
number of countries any bias can be diminished. In other words, the presence of
specific micro-, meso- and macro-level variable factors immediately imposes
objective limitations on the efficient activities of stakeholders. The stakeholders, in
the presence of these objective limitations, try to perform their activities in a more
rational way.

Based on the above considerations, it is possible to propose a Model of Built
Environment Life Cycle Process for Climate Change Mitigation and Adaptation on
the basis of the performed search for a rational variable environment for specific
country (i.e. seek to explore ways of harmonising the relationship between the
specific country built environment and its micro, meso and macro environment).
Upon completion of such a model, the stakeholders by taking into consideration
existing limitations of micro-, meso- and macro-level environment and existing
possibilities will be able to use their resources in a more rational manner.

One of the major tasks of an organisation is to carry out its activities under the
most favourable micro-, meso- and macro-level conditions. Efforts are made to
ensure that the structure, goals, output, efficiency and quality of production of the
organisation would be in maximum conformity with the existing environmental
conditions. The pursuit of impracticable goals, for instance, trying to realise
projects that surpass the organisation’s capabilities or the environment (econom-
ical, social, legal, political, competitive and technological conditions) is adverse,
may cause undesirable consequences.
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In order to assure the efficiency of a project, it should be executed within certain
bounds that are determined by micro-, meso- and macro-level factors.

Model of Built Environment Life Cycle Process for Climate Change Mitigation
and Adaptation was developed with the goal of integrating the environmental,
energetic, political, economical, legal/regulatory, infrastructural, technical, tech-
nological, pollution, health, quality of life, social, cultural, ethical, psychological,
emotional, religious, ethnic and other aspects of the process over the life of the
climate change mitigation. Description of some above micro, meso and macro
factors are follows.

3.1 Macro-Level Factors

The highest level at which factors may be considered is the macro-level factors.
The level of efficiency and the scope of activities of the built environment depend
on the next macro-level variable factors:

e a key economic indicators for the country as a whole,
o the global warming price,
e stakeholders,

e civil conflicts,

e human culture,
e religion,

e cthics,

e Easterlin paradox and happiness economics,
e intervention of government,
e physical infrastructure,
e Financial sector,
e interest rate,

e environment issues,

e unemployment,

e labour skill level,

e wages level,

e insurance,

e inflation,

e innovations,

e exchange rate,

e unofficial economy, etc.

A few examples regarding relations of climate change and macro-level factors
(the global warming price, stakeholders, climate mobility social and civil conflicts,
climate change and human culture, religion, ethics, easterlin paradox and happi-
ness economics) are follows.
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3.1.1 The Global Warming Price

The heated argument about economic costs, however, barely touched one vitally
important issue: the costs of NOT taking action on climate. What if last summer’s
Russian heat wave and drought, which destroyed one-third of the country’s wheat
crop, or the catastrophic floods in Pakistan and China, or category 5 hurricanes like
Katrina are just glimpses of future havoc from warming left unchecked? Certain
events would have been extremely unlikely to have occurred without global
warming and that includes the Russian heat wave and wild fires, and the Pakistan,
Chinese, and Indian floods (Carey 2011).

Droughts, floods, wildfires, and hurricanes have already caused multibillion-
dollar losses, and these extreme weather events will likely become more frequent
and more devastating as the climate continues to change. Tourism, agriculture, and
other weather-dependent industries will be hit especially hard, but no one will
be exempt. Household budgets, as well as business balance sheets, will feel the
impact of higher energy and water costs. Ruth et al. (2007) estimates what the
United States will pay as a result of four of the most serious impacts of global
warming in a business-as-usual scenario—that is, if we do not take steps to push
back against climate change (Ruth et al. 2007):

o Hurricane damages: $422 billion in economic losses caused by the increasing
intensity of Atlantic and Gulf Coast storms. In the business-as-usual climate
future, higher sea-surface temperatures result in stronger and more damaging
hurricanes along the Atlantic and Gulf coasts. Even with storms of the same
intensity, future hurricanes will cause more damage as higher sea levels exac-
erbate storm surges, flooding and erosion. In recent years, hurricane damages
have averaged $12 billion and more than 120 deaths per year. With business-as-
usual emissions, average annual hurricane damages in 2100 will have grown by
$422 billion and an astounding 760 deaths just from climate change impacts.

o Real estate losses: $360 billion in damaged or destroyed residential real estate as
a result of rising sea levels. Our business-as-usual scenario forecasts 23 inches
of sea-level rise by 2050 and 45 inches by 2100. If nothing is done to hold back
the waves, rising sea levels will inundate low-lying coastal properties. Even
those properties that remain above water will be more likely to sustain storm
damage, as encroachment of the sea allows storm surges to reach inland areas
that were not previously affected. By 2100, U.S. residential real estate losses
will be $360 billion per year.

o Energy costs: $141 billion in increasing energy costs as a result of the rising
demand for energy. As temperatures rise, higher demand for air conditioning
and refrigeration across the country will increase energy costs, and many
households and businesses, especially in the North, that currently do not have air
conditioners will purchase them. Only a fraction of these increased costs will be
offset by reduced demand for heat in Northern states. The highest net energy
costs—after taking into consideration savings from lower heating bills—will fall
on Southeast and Southwest states. Total costs will add up to more than $200
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billion for extra electricity and new air conditioners, compared with almost $60
billion in reduced heating costs. The net result is that energy sector costs will be
$141 billion higher in 2100 due to global warming.

e Water costs: $950 billion to provide water to the driest and most water-stressed
parts of the United States as climate change exacerbates drought conditions and
disrupts existing patterns of water supply. The business-as-usual case forecasts
less rainfall in much of the United States—or, in some states, less rain at the
times of year when it is needed most. By 2100, providing the water we need
throughout the country will cost an estimated $950 billion more per year as a
result of climate change. Drought conditions, already a problem in Western
states and in the Southeast, will become more frequent and more severe.

3.1.2 Stakeholders

The Citizens’ support for policies that aim to curb carbon emissions and energy
use is often seen as informed by their values, attitudes and perceptions of the
environmental problem in question. Fischer et al. (2011) argue that we also need to
understand how people conceptualise policies and the governance approaches
underpinning them to be able to judge the likely acceptance of policy change.
Fischer et al. (2011) draw on qualitative interviews (n = 202) from five European
countries to explore citizens’ views on governance approaches to stimulate
behavioural change in the field of resource use, including regulations, price
changes, collective action, technological change and education. Fischer et al.
(2011) found that many of our interviewees referred to generalised characteristics
of humankind and contemporary society to back up their arguments for or against
specific governance approaches. In particular, many interviewees concurred that
people in general were so self-centred, driven by habit and money- and
consumption-oriented that only strict regulations, drastic price changes and tech-
nological innovation could possibly achieve widespread behavioural change. As a
consequence, such ‘folk psychologies’ can have substantial impact not only on
public acceptance, but also on the success of policy measures that aim to reduce
citizens’ resource use (Fischer et al. 2011).

Climate change has been identified as potentially the biggest health threat of the
twenty-first century. Canada in general has a well-developed public health system
and low burden of health which will moderate vulnerability. However, there is
significant heterogeneity in health outcomes, and health inequality is particularly
pronounced among Aboriginal Canadians. Intervention is needed to prevent,
prepare for, and manage climate change effects on Aboriginal health but is con-
strained by a limited understanding of vulnerability and its determinants. Despite
limited research on climate change and Aboriginal health, however, there is a well-
established literature on Aboriginal health outcomes, determinants, and trends in
Canada; characteristics that will determine vulnerability to climate change. In this
paper, Ford et al. (2010) systematically review this literature, using a vulnerability
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framework to identify the broad level factors constraining adaptive capacity and
increasing sensitivity to climate change. Determinants identified include the fol-
lowing: poverty, technological capacity constraints, socio-political values and
inequality, institutional capacity challenges, and information deficit. The magni-
tude and nature of these determinants will be distributed unevenly within and
between Aboriginal populations necessitating place-based and regional-level
studies to examine how these broad factors will affect vulnerability at lower levels.
The study also supports the need for collaboration across all sectors and levels of
government, open and meaningful dialogue between policy makers, scientists,
health professionals, and Aboriginal communities, and capacity building at a local
level, to plan for climate change. Ultimately, however, efforts to reduce the
vulnerability of Aboriginal Canadians to climate change and intervene to prevent,
reduce and manage climate-sensitive health outcomes will fail unless the
broader determinants of socio-economic and health inequality are addressed
(Ford et al. 2010).

In the United States, public support for federal, state and local efforts to reduce
GHGs continues to be a crucial element of the political viability of these proposals.
Shwom et al. (2010) present a detailed analysis of the reasons given by the general
public of Michigan and Virginia for supporting or rejecting a number of policies
that could be implemented to meet GHG reductions. The data allow us to analyse
the relationships between reasons provided by respondents, social psychological
and demographic characteristics and policy support. This analysis can provide
policymakers pragmatic guidance in (1) developing tactics to engage the public
that build on current concerns about climate change policies and (2) crafting and
communicating policies that garner support from various segments of the public.
This analysis also raises theoretical questions regarding the relationship between
public discourse on environmental issues and the formation of public policy
support. Shwom et al. (2010) suggest that future efforts to understand the U.S.
dynamics of public support for climate change policies could benefit from
understanding the public discursive and the reasoning processes that underlie
public opinion formation (Shwom et al. 2010).

Anti-coal and some investment policies are widely justified with reference to
global warming. Political analysis suggests that these policies are supported by the
reinforcing interests of three powerful lobbies: scientific institutions engaged in
atmospheric research and earth observation, energy corporations harmed by low
fossil fuel prices or supplying ‘clean’ technologies, and numerous interlocking
bureaucracies. Together they have succeeded in maintaining momentum in current
climate negotiations (Boehmer-Christiansen 1997).

3.1.3 Climate Mobility Social and Civil Conflicts

The Climate change can increase societies’ propensity to conflict by changes in
socio-structural conditions (e.g. resource scarcity and migration). Climate change
is expected to bring about major change in freshwater availability, the productive
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capacity of soils, and in patterns of human settlement. The direst predictions about
the impacts of global warming warn about greatly increased risks of violent
conflict over increasingly scarce resources such as freshwater and arable land
(Raleigh and Urdal 2007). Raleigh and Urdal (2007) argue that our best guess
about the future has to be based on our knowledge about the relationship between
demography, environment and violent conflict in the past. Previous rigorous
studies in the field have mostly focused on national-level aggregates. Raleigh and
Urdal (2007) represent a new approach to assess the impact of environment on
internal armed conflict by using georeferenced (GIS) data and small geographical,
rather than political, units of analysis. It addresses some of the most important
factors assumed to be strongly influenced by global warming: land degradation,
freshwater availability, and population density and change. While population
growth and density are associated with increased risks, the effects of land degra-
dation and water scarcity are weak, negligible or insignificant (Raleigh and Urdal
2007).

Allouche (2011) looks at the interrelationship between water and food security.
More specifically, Allouche (2011) examines the resilience and sustainability of
water and food systems to shocks and stresses linked to different levels and
intensity of conflict, global trade and climate change. Allouche (2011) makes four
points: (1) that resource scarcity as a driver of conflict is inconclusive especially at
regional and national levels (2) most insecurities surrounding water and food are
explained by political power, social and gender relations; (3) global trade has
enabled national food and water security but that is now threatened by increasing
food prices, food sovereignty movements and land ‘grabbing’ (4) and that water
and food security will face major challenges under conditions of climate change
(Allouche 2011).

Climates more suitable for Eurasian agriculture are associated with a decreased
likelihood of conflict, while freshwater resources per capita are positively asso-
ciated with the likelihood of conflict. Moreover, positive changes in rainfall are
associated with a decreased likelihood of conflict in the following year (Hendrix
and Glaser 2007).

In climate change discourse, climate mobility is often characterised as the
production of ‘refugees’, with a tendency to discount long histories of ordinary
mobility among affected populations. The case of Tuvalu in the Pacific juxtaposes
migration as everyday practice with climate refugee narratives (Farbotko and
Lazrus 2012).

3.1.4 Climate Change and Human Culture

If solar variability affects human culture, it most likely does so by changing the
climate in which the culture operates (Feynman 2007).

Geel et al. (2004) described hypothesis regarding climate change and the
expansion of the Scythian culture after 850 BC. In southcentral Siberia, archae-
ological evidence suggests an acceleration of cultural development and an increase
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in the density of nomadic populations around 850 BC. Geel et al. (2004)
hypothesise a relationship with an abrupt climatic shift towards increased humidity
caused by a decline of solar activity. Areas that initially may have been hostile
semi-deserts changed into attractive steppe landscapes with a high biomass pro-
duction and high carrying capacity. Newly available steppe areas could be invaded
by herbivores, making them attractive for nomadic tribes. The central Asian horse-
riding Scythian culture expanded and an increased population density was a
stimulus for westward migration towards southeastern Europe (Geel et al. 2004).
Tibetan culture and livelihoods depend on native plants for medicine, food,
grazing, wood, as well as cash from market sales. The Medicine Mountains (part
of the Hengduan Mountains) of the eastern Himalayas, with tremendous plant
diversity derived from steep gradients of both elevation and precipitation, have
traditionally been an important source of Tibetan medicinal plants (Salick et al.
2009). Salick et al. (2009) examine climate change in this area and vegetation
patterns influenced by biogeography, precipitation and elevation. The Alpine
environment has the highest plant diversity and most useful plants and is the most
susceptible to climate change with impacts on traditional Tibetan culture and
livelihoods—particularly Tibetan medicine and herding (Salick et al. 2009).

3.1.5 Religion

Biomass Different religion leaders call on all people and nations to recognise the
serious and potentially irreversible impacts of global warming caused by the
anthropogenic emissions of GHGs and other pollutants, and by changes in forests,
wetlands, grasslands and other land uses. According to the New Scientist (2007),
also religious leaders pray for cold weather to combat climate change. Leaders
from world religions gather in Greenland to show unity on the problem of global
warming and to pray for the planet (The New Scientist 2007). As example, we will
present Vatican and Buddhism point of view regarding climate change.

A Vatican-appointed panel of scientists has reported what climate change
experts have been warning for years: the Earth is getting warmer, glaciers are
melting, and urgent measures are necessary to stem the damage. The scientists
called for urgent reduction of carbon dioxide emissions and reductions in methane
and other pollutants that warm the air, and for improved observation of mountain
glaciers to better track their changes. The Pontifical Academy of Sciences, a
Vatican advisory panel appeal to all nations to develop and implement, without
delay, effective and fair policies to reduce the causes and impacts of climate
change on communities and ecosystems, including mountain glaciers and their
watersheds, aware that we all live in the same home (Vatican-appointed... 2011).

Buddhism is not a religion; it is a way of life. It teaches the moral and ethical
conduct... for the happiness of oneself and the welfare of the community. The
Buddhist doctrines... [analyse] human life and the intrinsic nature of things...
based on reasoning and rational thinking... not based on an initial act of faith
(Mendis 1993).
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Firstly, Buddhism proposed that beliefs, values and ethics have a strong
influence upon the behavioural outcomes that are manifest as the driving forces
behind environmental pressures. Although this perspective underplays the role of
structural forces that constrain human behaviour, the influence of beliefs and
values can be seen to operate via their configuration of goals, wants, needs, intent
and choices. Secondly, a more complete nexus with Buddhism requires an explicit
shift in focus to human welfare as the key objective of both mainstream economic
and policy prescriptions, and the Buddhist way of life (Daniels 2010a).

The Second Noble Truth reveals the source of this persistent dissatisfaction or
disappointment. It comes from clinging or attachment to external, worldly phe-
nomena in the belief that they will bring sustained and consummate satisfaction or
happiness (French 2003). These objects of our desire include not just material
goods or assets and the services they provide but people and other animate beings
as well as ideas, social and economic roles, success and status (Webster 2005).

Desire for maximum consumption via material good accumulation, derived
services, and control over people for self-satisfaction, drives economic and life-
style choices and is the natural economic (if not the social) outcome of a belief
system based on the principle that the external world is the ultimate source of
happiness (Tideman 2001).

Buddhism makes to explain the ‘double whammy’ of the past 60 years of
spectacular fossil-fuel-based economic growth where happiness levels within
nations do not seem to be increasing (the ‘Easterlin Paradox’), and yet resource use
and degradation have reached unsustainable and possibly ecosphere catastrophe
levels (Baucells and Sarin 2007; Daniels 2007). The relentless drive for the
economic extraction and transformation of nature for economic wealth has not had
the anticipated positive impact on subjective well-being. Indeed, craving for
material wealth has not only failed to significantly reduce ‘suffering’ (increase well-
being) but has increased environmental destruction and instability (Mendis 1993).

Daniels (2010a) examines how central Buddhist world views and themes can
contribute to effectively addressing climate change by looking deep within the
ethical, economic and ecological nature of consumer market economies. A per-
sistent theme of Daniels (2010a) approach is the structured analysis of climate
change in terms of the drivers, pressures, and responses that stem from societal
beliefs and world views about human actions and choices, and their links to human
goals and well-being. Buddhist notions of interconnectedness, dependent origi-
nation, and mindful consumption and production can help explain and reshape
human motives and actions for climate and other forms of environmental
sustainability. The mode of analysis of Buddhism has had much in common with
ecological economics—with primary conceptual and methodological roles ascri-
bed to ethics, the ecologisation of society, social capital and sustainability, and
ultimate means and ends via an extensive consideration of well-being and the
goals of human endeavour (Daniels 2010a).

Environmental, economic, ethical and cosmological dimensions of Buddhism
are presented as a logical and practical basis for reducing the climate change
pressures deriving from prevailing global modes of production and consumption
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(Daniels 2010b). Daniels (2010b) presents an analytical framework and philo-
sophical base for understanding the causes and refining the goals behind human
and societal endeavour. Buddhist notions of interconnectedness, dependent orig-
ination and mindful consumption and production can help explain and reshape
human motives and actions for climate and other forms of environmental
sustainability (Daniels 2010b).

3.1.6 Ethics

Climate change raises many questions with strong moral and ethical dimensions
that are important to address in climate-policy formation and international nego-
tiations (Wardekker et al. 2009).

The emotional and embodied practice of narrative ethics is offered as one
possible response to the overemphasis on technical rationality within our society
and its institutions (Willis 2012). Willis (2012) argues that the development of
practical wisdom (phronesis) is essential to addressing issues such as climate
change, which are not simply technical problems but are fundamentally rooted in
the human condition.

Ecoethics is an emerging discipline that trains moral attention and critical
reflection on the vastly expanded range of human productive and consumptive
powers that are causing increasing and perhaps irreparable damage to many of
Earth’s ecosystems and the human communities and non-human species who
depend on those ecosystems’ well-being. Ecoethics ponders the significance of
how the rapidly rising human population is so widely transforming natural
ecosystems that increasing numbers of animal and plant species are being pushed
via habitat destruction into endangerment or extinction. Likewise, ecoethics
ponders the fate of both humanity and that of all other species as it confronts rising
worries about anthropogenic or human-caused global warming or climate change
trends (French 2008).

3.1.7 Easterlin Paradox and Happiness Economics

The Easterlin Paradox is a key concept in happiness economics. It is named for
economist and USC Professor Richard Easterlin who discussed the factors con-
tributing to happiness in the 1974 paper ‘Does Economic Growth Improve the
Human Lot? Some Empirical Evidence’. Easterlin found that within a given
country people with higher incomes are more likely to report being happy.
However, in international comparisons, the average reported level of happiness
does not vary much with national income per person, at least for countries with
income sufficient to meet basic needs. Similarly, although income per person rose
steadily in the United States between 1946 and 1970, average reported happiness
showed no long-term trend and declined between 1960 and 1970. The implication
for government policy is that once basic needs are met, and policy should focus not
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on economic growth or GDP, but rather on increasing life satisfaction or Gross
national happiness (Wiki). There is no evidence of a marked increase in life
satisfaction in China of the magnitude that might have been expected based on the
fourfold increase in the level of per capita consumption during that period. In its
transition, China has shifted from one of the most egalitarian countries in terms of
distribution of life satisfaction to one of the least egalitarian. Life satisfaction has
declined markedly in the lowest-income and least-educated segments of the
population, while rising somewhat in the upper SES stratum (Easterlin et al. 2012).

Moreover, the life satisfaction pattern in China fits with the historical context.
The factors shaping life satisfaction in China appear to be essentially the same as
those in the European transition countries—the emergence and rise of substantial
unemployment, dissolution of the social safety net, and growing income inequality.
The failure of China’s life satisfaction to increase despite its differing output
experience—a rapid increase versus the collapse and recovery of output in the
European countries—suggests that employment and the social safety net are crit-
ically important factors in determining life satisfaction. One may reasonably ask
how it is possible for life satisfaction not to improve in the face of such a marked
advance in per capita GDP from a very low initial level? In answer, it is pertinent to
note the growing evidence of the importance of relative income comparisons and
rising material aspirations in China, which tend to negate the effect of rising
income. These findings are consistent with the view common in the happiness
literature that the growth in aspirations induced by rising income undercuts the
increase in life satisfaction related to rising income itself (Easterlin et al. 2012).

Moreover, there is more to life satisfaction than material goods. Other factors
include home life and the need for a secure job to support it, health, friends and
relatives, and the like. It is possible that the lack of a marked uptrend in overall life
satisfaction in China might reflect an adverse impact on life satisfaction of changes
in such factors as these, as has been true of the transition experience of East
Germany, for which data on such circumstances are available (Easterlin 2010).

The GDP measure registers the spectacular average improvement in material
living conditions, whereas the measure of life satisfaction demonstrates that among
ordinary people, especially the less-educated and lower income segments of the
population, life satisfaction has declined noticeably as material aspirations have
soared and concerns have arisen about such critical matters as finding and holding a
job, securing reliable and affordable health care, and providing for children and the
elderly. Clearly, life satisfaction is the more comprehensive and meaningful indi-
cator of people’s life circumstances and well-being (Stiglitz et al. 2008).

It would be a mistake to conclude from the life satisfaction experience of China,
and the transition countries more generally, that a return to socialism and the gross
inefficiencies of central planning would be beneficial. However, our data suggest an
important policy lesson that jobs and job and income security, together with a social
safety net are of critical importance to life satisfaction. In the last few years, the
government of China has begun serious efforts to repair the social safety net. These
efforts are an encouraging portent for the future life satisfaction of the Chinese pop-
ulation, particularly for the least advantaged segments (Vodopivec and Tong 2008).



Built Environment Life Cycle Process and Climate Change 79

3.2 Micro- and Meso-Level Factors

The second-level factors may be considered as the micro level and these depend
upon those at the macro level.

It is obvious that in order to design and realise a high-quality passive house
project, it is necessary to take care of its efficiency from the initial brief to the end
of maintenance. The entire process must be planned and executed taking into
account the specific goals of the participating parties. The designing and planning
procedure must include multiple criteria optimisation, not only of the separate
processes and decisions, but also of the whole life cost of the passive house. This
must take into account the needs expressed by the parties involved in the project.

In order to efficiently design and implement projects in the built environment, it
is necessary to investigate as many of the possible alternative solutions for each
variable and to select the most rational one. The selected variables are then
combined into one efficient project. Hence, the efficiency of a project will depend
to a very great extent not only on the selected variables, but also on micro, meso
and macro factors affecting them.

The level of efficiency and the scope of activities of the built environment
depend on the next micro variable factors:

information system of built environment,
building’s life cycle energy analysis,
energy use in the built environment,
pollution and health in cities,

real estate losses as a result of sea-level rise,
education and training,

types of contracts,

briefing process,

design process,

manufacture process,

construction process,

maintenance process,

facilities management,

holiday travels,

festivals,

etc.

As an example, further on we shall briefly discuss some above-mentioned
micro-level factors (building’s life cycle energy analysis, energy use in the built
environment, pollution and health in cities, real estate losses as a result of sea-level
rise, holiday travels, Cherry blossom festivals).
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3.2.1 Building’s Life Cycle Energy Analysis

Buildings demand energy in their life cycle right from its construction to demolition.
Studies on the total energy use during the life cycle are desirable to identify phases of
largest energy use and to develop strategies for its reduction. Ramesh et al. (2010)
presented a critical review of the life cycle energy analyses of buildings resulting
from 73 cases across 13 countries. The study includes both residential and office
buildings. Results show that operating (80-90 %) and embodied (10-20 %) phases
of energy use are significant contributors to building’s life cycle energy demand. Life
cycle energy (primary) requirement of conventional residential buildings falls in the
range of 150-400 kWh/m*/year and that of office buildings in the range of
250-550 kWh/m2/year. Building’s life cycle energy demand can be reduced by
reducing its operating energy significantly through use of passive and active
technologies even if it leads to a slight increase in embodied energy. However, an
excessive use of passive and active features in a building may be counterproductive.
It is observed that low-energy buildings perform better than self-sufficient (zero
operating energy) buildings in the life cycle context. Worldwide, 30—40 % of all
primary energy is used for buildings, and they are held responsible for 40-50 % of
green house gas emissions. It is therefore essential for the building built environment
to achieve sustainable development in the society. Sustainable development is
viewed as development with low environmental impact, and high economical
and social gains. To achieve the goals of sustainability, it is required to adopt a multi-
disciplinary approach covering a number of features such as energy saving,
improved use of materials including water, reuse and recycling of materials and
emissions control. Life cycle energy analysis of buildings assumes greater signifi-
cance for formulating strategies to achieve reduction in primary energy use of the
buildings and control emissions (Ramesh et al. 2010).

Life cycle energy analysis is an approach that accounts for all energy inputs to a
building in its life cycle. The system boundaries of this analysis) include the
energy use of the following phases: manufacture, use and demolition. Manufacture
phase includes manufacturing and transportation of building materials and tech-
nical installations used in erection and renovation of the buildings. Operation
phase encompasses all activities related to the use of the buildings, over its life-
span. These activities include maintaining comfort condition inside the buildings,
water use and powering appliances. Finally, demolition phase includes destruction
of the building and transportation of dismantled materials to landfill sites and/or
recycling plants (Ramesh et al. 2010).

A large variety of materials are being used in building construction. Some of
them may have a life-span less than that of the building. As a result, they are
replaced to rehabilitate the building. In addition to this, buildings require some
regular annual maintenance. The energy incurred for such repair and replacement
(rehabilitation) needs to be accounted during the entire life of the buildings. It is
the energy required for maintaining comfort conditions and day-to-day mainte-
nance of the buildings. It is the energy for heating, ventilation and air conditioning
(HVAC), domestic hot water, lighting and for running appliances. Operational
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energy largely varies on the level of comfort required, climatic conditions and
operating schedules. At the end of buildings’ service life, energy is required to
demolish the building and transporting the waste material to landfill sites and/or
recycling plants (Ramesh et al. 2010).

3.2.2 Impact of Climate Change on Energy Use in the Built
Environment

Work on the subtropical climates had revealed an increasing trend of temperature
and summer discomfort over the past decades, and it was found that the anticipated
temperature rise could result in more cooling demand. More electricity use for air
conditioning would lead to larger emissions, which in turn would exacerbate cli-
mate change and global warming. Even in regions with severe cold climates where
the decrease in heating energy use could, in terms of final or delivered energy,
outweigh the increase in cooling, the impact of climate change on the overall
primary energy requirement and the environment would remain uncertain. This is
because heating is usually provided by oil- or gas-fired boiler plants, whereas
cooling relies on electricity-driven chillers (except gas-fired absorption systems).
In terms of carbon footprint, electricity tends to have a much lower overall effi-
ciency and higher CO, emissions per unit energy consumption. From a nationwide
energy and environmental perspective, it is important to be able to estimate the
magnitude of the likely changes in heating and cooling energy requirements due to
climate change in different climate zones. Broadly speaking, there are two main
approaches (Li et al. 2012):

e Degree-days method. The degree-days concept is widely used for measuring the
influence of climate on heating and cooling requirements. Hekkenberg et al.
(2009) argues that socio-economic changes may alter the temperature depen-
dence pattern of energy demand in future years. However, to a good approxi-
mation heating and cooling energy requirements can be assumed to be
proportional to the HDDs and CDDs, respectively. In recent years, this method
has been used to assess the impact of climate change on regional energy demand
as well as energy consumption in the built environment in different parts of the
world. Pilli-Sihvola et al. (2010) chose five countries along the north—south
gradient: Finland, Germany, the Netherland, France and Spain. Their main
findings were as follows: in central and north Europe, the decrease in heating
due to climate warming would dominate, and in southern Europe climate
warming and the consequential increase in cooling and electricity demand
would outweigh the decreasing need for space heating.

e Building energy simulation technique. There had been a number of studies on
the impact of climate change on the built environment using sophisticated
building energy simulation tools to perform hour-by-hour computation of the
heating/cooling loads and corresponding energy use. Building energy simulation
is an acceptable technique for assessing the dynamic interactions between the
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external climates, the building envelope and the HVAC system and the corre-
sponding energy consumption. It has played an important role in the develop-
ment of simple design tools and building energy efficiency codes. This
technique has also been used by a number of researchers to assess the impact of
climate change on energy use in buildings. Gaterell and McEvoy (2005)
assessed the impact of projected climate changes on the thermal performance of
the built environment and the measures implemented to improve such perfor-
mance. The air temperatures were raised by 2 and 2.9 °C to reflect the climate in
2050, and by 2.3 and 5.9 °C in 2100 in a study by Radhi (2009) to investigate
the potential impact of global warming on residential buildings in United Arab
Emirates. It was concluded that global warming was likely to increase the
energy used for cooling by 23.5 % with a 5.9 °C increase in the ambient tem-
perature. It was also found that energy design measures, such as thermal insu-
lation and building thermal mass, were important to cope with global warming.

3.2.3 Climate Change, Pollution and Health in Cities

Excess morbidity and mortality related to extremely hot weather and poor air
quality are found in cities worldwide. This is a major public health concern for
cities now and looking towards the future, because the interactions of global climate
change, urban heat islands and air pollution are predicted to place increasing health
burdens on cities. The proposed mitigation and adaptation strategies in cities’
climate risk management plans may produce health co-benefits by reducing
emissions and cooling temperatures through changes in the built environment.
There are challenges, however, to implementing the plans and the most widely
documented beneficial policy to date is the adoption of heat warning and air quality
alert systems to trigger emergency responses (Harlan and Ruddell 2011).

As the largest developing country, China has been changing rapidly over the
last three decades and its economic expansion is largely driven by the use of fossil
fuels, which leads to a dramatic increase in emissions of both ambient air pollu-
tants and GHGs. China is now facing the worst air pollution problem in the world
and is also the largest emitter of carbon dioxide. A number of epidemiological
studies on air pollution and population health have been conducted in China, using
time-series, case-crossover, cross-sectional, cohort, panel or intervention designs.
The increased health risks observed among Chinese population are somewhat
lower in magnitude, per amount of pollution, than the risks found in developed
countries. However, the importance of these increased health risks is greater than
that in North America or Europe, because the levels of air pollution in China are
very high in general and Chinese population accounts for more than one-fourth of
the world’s totals. Meanwhile, evidence is mounting that climate change has
already affected human health directly and indirectly in China, including mortality
from extreme weather events; changes in air and water quality; and changes in the
ecology of infectious diseases. If China acts to reduce the combustion of fossil
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fuels and the resultant air pollution, it will reap not only the health benefits
associated with improvement of air quality but also the reduced GHG emissions.
Consideration of the health impact of air pollution and climate change can help the
Chinese government move forward towards sustainable development with
appropriate urgency (Kan et al. 2012).

Urban centres in Latin American often face high levels of air pollution as a result
of economic and industrial growth. Decisions with regard to industry, transporta-
tion, and development will affect air pollution and health both in the short term and
in the far future through climate change. Bell et al. (2006) investigated the pollution
health consequences of modest changes in fossil-fuel use for three case study cities
in Latin American: Mexico City, Mexico; Santiago, Chile; and Sao Paulo, Brazil.
Annual levels of ozone and particulate matter were estimated from 2000 to 2020 for
two emissions scenarios: (1) business-as-usual based on current emissions patterns
and regulatory trends and (2) a control policy aimed at lowering air pollution
emissions. The resulting air pollution levels were linked to health endpoints through
concentration—response functions derived from epidemiological studies, using local
studies where available. Results indicate that the air pollution control policy would
have vast health benefits for each of the three cities, averting numerous adverse
health outcomes including over 156,000 deaths, 4 million asthma attacks, 300,000
children’s medical visits, and almost 48,000 cases of chronic bronchitis in the three
cities over the 20-year period. The economic value of the avoided health impacts is
roughly $21 to $165 billion (US). Sensitivity analysis shows that the control policy
yields significant health and economic benefits even with relaxed assumptions with
regard to population growth, pollutant concentrations for the control policy, con-
centration—response functions and economic value of health outcomes. Bell et al.
(2006) research demonstrates the health and economic burden from air pollution in
Latin American urban centres and the magnitude of health benefits from control
policies (Bell et al. 2006).

The contribution of the road transportation sector to emissions of air pollutants
and GHGs is a growing concern in developing countries. Emission control mea-
sures implemented within this sector can have varying counteracting influences. In
the city of Durban, South Africa, the growing dependence on privately owned
motor vehicles and increasing usage of roads for freight transport have all resulted
in significant air pollution and greenhouse gas emissions. In this study, an emis-
sions inventory was developed for the road transport sector and was used as a basis
to explore intervention opportunities that are likely to reduce simultaneously, air
pollution and greenhouse gas emissions in this sector. It was found that reducing
the vehicle kilometres travelled by privately owned motor vehicles and improving
the efficiency of road freight transport offered the greatest potential for achieving
co-benefits (Thambiran and Diab 2011).

Bollen et al. (2009) present the findings of a combined cost-benefit analysis of
local air pollution and global climate change, two subjects that are usually studied
separately. Yet these distinct environmental problems are closely related, since
they are both driven by the nature of present energy production and consumption
patterns. Bollen et al. (2009) also demonstrate that the discounted benefits of local
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air pollution reduction significantly outweigh those of global climate change
mitigation, at least by a factor of 2, but in most cases of our sensitivity analysis
much more. Still, Bollen et al. (2009) do not argue to only restrict energy policy
today to what should be our first priority, local air pollution control, and wait with
the reduction of greenhouse gas emissions. Instead, Bollen et al. (2009) propose to
design policies that simultaneously address these issues, as their combination
creates an additional climate change bonus. As such, climate change mitigation
proves an ancillary benefit of air pollution reduction, rather than the other way
around (Bollen et al. 2009).

3.2.4 Real Estate Losses as a Result of Sea-Level Rise

The effects of climate change will have severe consequences for low-lying U.S.
coastal real estate. If nothing is done to hold back rising waters, sea-level rise will
simply cause many properties in low-lying coastal areas to be inundated. Even
those properties that remain above water will be more likely to sustain storm
damage, as encroachment of the sea allows storm surges to reach inland areas that
were not previously affected. More intense hurricanes, in addition to sea-level rise,
will increase the likelihood of both flood and wind damage to properties
throughout the Atlantic and Gulf coasts. To estimate the value of real estate losses
from sea-level rise, we have updated a detailed forecast of coastal real estate losses
in the 48 states developed by the Environmental Protection Agency (EPA). In
projecting these costs into the future, Ackerman and Stanton (2008) assume that
annual costs will be proportional to sea-level rise and to projected GDP. Ackerman
and Stanton (2008) calculate the annual loss of real estate from inundation due to
the projected sea-level rise, which reaches 45 inches by 2100 in the business-
as-usual case. These losses amount to $360 billion by 2100, or 0.35 % of GDP
(Ackerman and Stanton 2008).

No one expects coastal property owners to wait passively for these damages to
occur; those who can afford to protect their properties will undoubtedly do so. But
all the available methods for protection against sea-level rise are problematic and
expensive. It is difficult to imagine any of them being used on a large enough scale
to shelter all low-lying U.S. coastal lands that are at risk under the business-
as-usual case. Elevating homes and other structures is one way to reduce the risk of
flooding, if not hurricane-induced wind damage. A Federal Emergency Manage-
ment Agency (FEMA) (1998) estimate of the cost of elevating a frame
construction house on a slab-on-grade foundation by two feet is $58 per square
foot, with an added cost of $0.93 per square foot for each additional foot of
elevation (FEMA 1998). This means that it would cost $58,000 to elevate a house
with a 1,000-square foot footprint by two feet. It is not clear whether building
elevation is applicable to multi-storey structures; at the least, it is sure to be more
expensive and difficult (Ackerman and Stanton 2008).
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3.2.5 Holiday Travels and Cherry Blossom Festivals

Whilst much effort has been made to communicate to the public the importance of
reducing carbon footprints in the home, one area where emissions are growing
rapidly and little attempt has been made to increase consumer understanding of the
impacts is holidays, particularly those involving air travel. Using focus group
research, this paper explores tourists’ awareness of the impacts of travel on climate
change, examines the extent to which climate change features in holiday travel
decisions and identifies some of the barriers to the adoption of less carbon-
intensive tourism practices. The findings suggest that many tourists do not consider
climate change when planning their holidays. The failure of tourists to engage with
the climate change impact of holidays, combined with significant barriers to
behavioural change, presents a considerable challenge in moving the tourism
industry onto a sustainable emissions path. The findings are discussed in relation to
theoretical perspectives from psychology and sociology (Hares et al. 2010).
Most global climate change models predict serious ecological and social
problems. In Japan, biologists have found climate change is affecting species and
ecosystems, including the earlier flowering time of cherry trees that are an
important cultural symbol in Japan. Cherry blossom festivals are also important to
local economies. This study explored the perceptions of Japanese residents
regarding climate change impacts on culturally significant events such as flower
timing of cherry trees. Sakurai et al. (2011) conducted interviews of stakeholders
of three cherry blossom festivals, including sixteen organisers of festivals and 26
managers of festival-dependent businesses, to understand their awareness, attitudes
and behaviours towards global climate change and impacts on cherry blossom
festivals. Most organisers of the festival in Kakunodate were concerned about
global warming and its impact on cherry blossom times while organisers of fes-
tivals in Nakano and Komoro felt it was unimportant if flower timing affected the
festival schedule. Most (92 %) managers of festival-dependent businesses men-
tioned that global warming is occurring and affecting the flower timing of cherry
trees, but there were diverse perceptions of global warming impacts on their
business. Managers more dependent on income from cherry blossom festivals
indicated greater concern for the effects of climate change (Sakurai et al. 2011).
As example, micro-level factors are more exhaustively described in the following
sub-chapter (see Energy-Efficient House Decision Support Sub-system for Africa).
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4 Intelligent System of Built Environment Life Cycle
Process for Climate Change Mitigation and Adaptation.
Case Study: Energy-Efficient House Decision Support
Sub-System for Africa

Based on the analysis of existing intelligent systems a Intelligent System of Built

Environment Life Cycle Process for Climate Change Mitigation and Adaptation

(IS-BELCP-CCMA) consisting of a database, database management system,

model-base, model-base management system and user interface was developed.
The following tables make IS-BELCP-CCMA database:

o Initial data tables. These contain general facts about the built environment and
climate change considered. The reasons of regenerating of built environment and
their significance as well as the money intended to be spent on it are also given.

e Tables assessing refurbishment of built environment solutions. They contain
quantitative and conceptual information about alternative of built environment
refurbishment solutions [as examples see Equity and Climate Change (http://
iti.vgtu.lt/imitacijosmain/simpletable.aspx ?sistemid=390), Climate Change Pol-
icies (http://iti.vgtu.lt/imitacijosmain/simpletable.aspx?sistemid=391), Opera-
tionalising a Resilience to Uncertain Climate Changes (http://iti.vgtu.lt/
imitacijosmain/simpletable.aspx ?sistemid=392), Climate change and resilience
management in built environment (http://iti.vgtu.lt/imitacijosmain/simpletable.
aspx ?sistemid=409), Energy-Efficient House Decision Support Sub-system for
Africa (http://iti.vgtu.lt/imitacijosmain/simpletable.aspx ?sistemid=428) (win-
dow to wall ratio: Table 1; orientation: Table 2; shading: Table 3)].

e Tables of multi-variant design. They provide quantitative and conceptual
information on the interconnection of the elements of built environment to be

Table 1 Fragment of a grouped decision-making matrix of window to wall ratio alternative’s
multiple criteria analysis. Qualitative and Quantitative description of the alternatives

S -0 -_— e T W
a 3 il CETE ) [y h .
BB % e b a0
Window to wall ratic
Qualitative and quantitative description of the alternatives:
ive and g ion pertinent to alternatives
Compared alternatives
Criteria describing the alternatives * Measuring units Weight
20% [30% 40% (50% |60% (70% BO%
Heat gains (infl for cooling ¢ ion) - W 0.3 112.01 222.67 323.54 406.42 482.19 551.23 602.84 649.6
Price (for glazing area) - Lt 015 80 160 240 320 400 480 560 640
Price (for walls area) - Lt 0.1 5965 5838 5711 5584 5458 5331 5304 5077
Aesthetics + Points 015 1 2 3 4 4 4 5 5
Comfort + [Points 0.2 1 1 2 3 4 5 4 1
Maintenance + Points 0.1 8 7 6 5 4 3 2 1

*- The sign "+/-" indicates that a greater (less) criterion value corresg to a greater signi for a user
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Table 2 Fragment of a grouped decision-making matrix of orientation alternative’s multiple
criteria analysis. Qualitative and Quantitative description of the alternatives

| __omme- . seelES — R TR
[+ = = T ——— £ Eok| @ [y ol - g
8- - - e e e @ B

P el L
Orientation
Qualitative and quantitative description of the alternatives:

Quantitive and qualitative information pertinent to alternatives

Compared alternatives

Criteria describing the alternatives * Measuring units Weight

North South West East
Heat gains (influence for cooling consumption) - W 0.5 112.01 162.17 431.22 43091
Comfort +m 0.5 1 1 1 2

*- The sign "+/-" indicates that a greater (less) criterion value corresponds to a greater significance for a user (stakeholders)

Table 3 Fragment of a grouped decision-making matrix of shading alternative’s multiple
criteria analysis. Qualitative and Quantitative description of the alternatives

B-0- = [

Shading

Qualitative and quantitative description of the alternatives:

Q and g pertinent to alternatives
Compared alternatives
Criteria describing the  Measuring Welght ; : ; .
i ical i i i i i
[ —— s ght External Vertical internal Harizental internal Horizonal internal
shading shadings {plastic} shadings (aliuminum) shadings (wood)
Efficiency + % 03 B0 30 30 0
" number of
Control options * % 01s 4 2 2 2
options
number of
Range of colors + = 0.1 20 25 28 16
options
+ years 0.05 12 12 12 12
- Lt 0.2 350 45 35 170
Exterior + Points 0.1 1 2 3 4
Requlation convenient  + Points 0.1 1 2 2 r
*- The sign "+/-" indicates that a greater (less) criterion value ¢ P to a greater ifi for a user

regenerated, their compatibility and possible combinations as well as data on
complex multivariant design of built environment.

Since the efficiency of a built environment refurbishment variant is often
determined taking into account quantitative and qualitative factors a model-base of
the IS-BELCP-CCMA should include models enabling a decision maker to do a
comprehensive analysis of the variants available and make a proper choice. The
following models of model-base are aimed to perform this function:
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Table 4 Shading alternative’s multiple criteria analysis results

S e ey Teme

Criteria describing the alternatives

Efficiency
Controd opticns

Range of calors

Wasranty +

Price,

Exterior

Regulation conveniant

The sums of weighted nomalized maximiring (projects ‘phises) indices of
the alternative

The sums of welghted narmalized minimizing (projects ‘minuses’) indices of
the alternative

*- The sign “+/-" indicates that a greater (hess) criterion val

B Ba] @ A

* Measuring units

+ number of options

+ number of opticns

+ Peints

+ Points

-

Quantitive and qualitative i

ion pertinent to
Compared altermatives
Weight  External
shading
0.1412
AVS MIN
0.06
AVS MIN
0.022%
AVE MIN
0.012%
AVG MIN

Vertical internal shadings
{plastic)
0.0529
AVG MIN
0.0
AVG MIN
0.0281
AVG MIN
0.0025
AVG MIN

Horipantsl internal shadings
{abiumirum)

Horizonal internal shadings
{woed)
0.0529
AVG MIN
0.0
AVS MIN
0.031%
AVE MIN
0.012%
AVS MIN

0.0529
AVG MIN
003
AVG MIN
0018
AVG MIN
0.012%
AVG MIN

"% 03

01167
AVG MIN
001
AVG MIN

0.015
AVG MIN
0.02
AVG MIN

0.0117
AVG MIN
008
AVG MIN

0.0567
AVG MIN
004
AVG MIN
0.0288
AVG MIN

0.0143
ANG MIN

0.0286
AVG MIN

0.0285

bz AVG MIN

0.2605 01721

0.015%
Significance of the atermative
Priority of the alternative 2 3

Utility degree of the alternative (%) B7.74%

0 a greater signi for a user

a model of developing the alternative variants of built environment,
a model for determining the initial weights of the criteria (with the use of expert

methods),
a model for the

criteria weights establishment,

a model for multiple criteria analysis and setting the priorities (as example see
Energy-Efficient House Decision Support Sub-system for Africa (shading:

Table 4)),

a model for multi-variant design of a built environment refurbishment [as
example see Energy-Efficient House Decision Support Sub-system for Africa

(Table 5)],

a model for determination of built environment utility degree and market price,
a model for providing recommendations.

Based on the above models, the IS-BELCP-CCMA system can make until 100
million built environment refurbishment alternative versions, performing their
multiple criteria analysis, determining utility degree, market price and selecting
most beneficial variant without human interference. Case study of the IS-BELCP-
CCMA (Energy-Efficient House Decision Support Sub-system for Africa) is
presented below. Energy-Efficient House Decision Support Sub-system for Africa
is analysing only microfactors.

Energy-Efficient House Decision Support Sub-System for Africa

The Case Study illustrates a part of Stage 5 “A multiple criteria analysis of the
composite parts of a climate change mitigation” of the Model of Built Environ-
ment Life Cycle Process for Climate Change Mitigation and Adaptation.
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Table 5 Multivariant design of energy-efficient house in Africa

] Tl
[« [ ST " ro— i 42 | % || 2 websoamn P -

¢ Fovortes B e B = B -3 d = Paga= Sbeyr Toch= @

PRAKTINIO MOKYMO SISTEMA

Skastiavms ko 4

Kivtybnt o bokybort infiormacss e ve sker|

Climate change is both a present and future challenge and represents a key
reason to incorporate long-term thinking into the energy design of buildings
(Georgiadou et al. 2012).

The building sector contributes up to 30 % of global annual green house gas
emissions and consumes up to 40 % of all energy [UNEP], that is why—has the
largest potential for significantly reducing greenhouse gas emissions compared to
other major emitting sectors. Buildings able to respond to future changes will not
become prematurely obsolete; hence, key decisions relating to the energy per-
formance of buildings need to be ‘future-proofed’ from the early planning and
design stages against long-term social, technological, economic, environmental
and regulatory changes (Mora et al. 2011).

A building design based on energy-saving criteria reduces economic costs
throughout the useful life of the building because of its lower energy consumption,
and this more than compensates for the greater initial investment. Since there are
also fewer CO, emissions into the atmosphere throughout the building’s life cycle,
this benefits society as well (Pacheco et al. 2012). So the building design optimised
at the early planning and design stage therefore, make it possible to construct not
only energy efficient, but also eco-friendly buildings.

The decision support system (http://iti.vgtu.lt/imitacijosmain/simpletable.
aspx ?sistemid=428) presented here will facilitate the sustainable building design
process and will make it possible to assess any alternatives against a range of
criteria. In this particular case, the analysis of building envelope alternatives is
adjusted for Johannesburg, a city in South Africa.
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During the conceptual design phase of a building, the design team often has to
make critical decisions with significant impact on the energy performance and
indoor comfort conditions. The design and selection of facades, fenestration sys-
tems and their control plays a key role in determining building performance
(Tzempelikos et al. 2007).

The presented decision support system covers the following groups of objects:
six glazed units, five external-wall constructions, eight different areas of glazing,
four orientations of the main facade towards the cardinal directions, and four
shading devices. Each of these alternatives makes a considerable impact on a
building’s energy demands, indoor comfort, aesthetic properties and, naturally,
price. Hence, the alternatives will be defined by both quantitative and qualitative
criteria. For each criterion, the decision support system sets a measuring unit
(qualitative criteria are scored in points) and the weight [e.g. price (0.1)]. Bigger
weight means the criterion is more significant. The indicator ‘£’ shows that either
higher or lower value of the criterion is better. One by one, each group of objects is
considered, its alternatives are analysed against the defined criteria and their
weights, and then, the best option is picked out. The utility degree of each alter-
native is then considered and the alternatives are ranked as a first priority, second
priority and so on.

Some indicators were determined theoretically (such as the thermal transmit-
tance coefficient, inertia, etc.), some were obtained from the manufacturers of the
materials (such as optical and thermal properties of windows, prices, etc.). Two
software applications helped determine the balance of heat gains and the values of
quantitative indicators to be used in the assessment of the life cycle of materials:

e Proclim. This application created a reference model of a single-zone building
(7 x 5 x 2.6 m) in Johannesburg (South Africa). By varying wall construc-
tions, optical and thermal properties of glazed units, building’s orientation
towards the cardinal directions and the glazed area, the software determined
typical daily gain balances. Since a universal assessment much depends on the
intensity of gain variations, this figure will be included as a quantitative indi-
cator defining the alternatives in question, as it is important in their assessment.
The assessment trends of the properties of building’s windows and walls
correspond to the recommendations laid out in South Africa Fenestration &
Insulation Energy Rating Association (SAFIERA).

e SimaPro. It is one of the most popular applications designed to assess the life
cycle of building materials. Two methods—IPCC 2007 and Cumulative Energy
Demand (CED)—were selected to assess each material used in the construction
of walls. IPCC 2007 GWP 100a method lists the climate change factors of IPCC
with a timeframe of 100 years. Here, the total amount of carbon dioxide
equivalent emissions over the production life cycle (kg CO,-Eq/kg) was
determined for each structural material in its production phase.

e The CED represents the direct and indirect energy use in units throughout the
life cycle. In our case, CED. Renewable and CED. Non-renewable were
determined to assess the external-wall materials in their production phase.
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The objective in this analysis was to reach energy efficient, cost-effective,
eco-friendly building design, without considering on comfort and aesthetics.

As cooling is dominating in hot climate countries, so here the main intention
was to reduce the solar heat gains and cooling demand. The application of life
cycle analysis (LCA) lets us compare the alternatives of construction materials in
order to find the environmental friendly building design.

Eco-friendly, green building is one of the best strategies for meeting the
challenge of climate change. Greenhouse gas emissions from buildings primarily
arise from their consumption of fossil-fuel-based energy, both through the direct
use of fossil fuels and through the use of electricity that has been generated from
fossil fuels. Significant greenhouse gas emissions are also generated through
construction materials, in particular insulation materials, and refrigeration and
cooling systems [UNEP].

It is fundamental to apply the life cycle vision and take into account both the
economic and environmental costs when identifying the most eco-efficient tech-
nology. Often, products that are presented as cheap in the medium term can have
high maintenance or waste management costs and highly technological products
can have very high production costs that are never recouped. Contrarily, it maybe
that when we consider the whole life cycle, materials with significant CO,
emissions, such as concrete, can see their emissions reduced by giving them a
second life as a filler material in infrastructure, with a double effect: the reduction
of emissions compared with obtaining filler materials from quarries and the
absorption of CO, due to the recarbonation processes (Zabalza et al. 2011).

The decision support system has an object group titled ‘External wall’ (http://
iti.vgtu.lt/imitacijosmain/simpletable.aspx ?sistemid=428), which includes five
alternatives of concrete and wooden walls defined by 15 criteria—13 quantitative
and two qualitative.

The group of quantitative indicators (with their weights) included the U-value
of wall constructions (0.1), the thickness of heavyweight layer (0.05), insulation
thickness (0.05), density (0.05), estimated inertia of constructions (0.16) and price
(0.1). The application SimaPro and the aforesaid methods assessing the life cycle
of materials produced other criteria to define the alternatives: carbon footprint
(0.1) and the CED, which comprises non-renewable, fossil (0.05), non-renewable,
nuclear (0.05), non-renewable, biomass (0.05), renewable, biomass (0.03),
renewable, wind, solar, geothermal (0.03), renewable, water (0.03). The applica-
tion estimated the values of carbon footprint and CED for each structural mate-
rial—concrete, timber, thermal insulation materials, etc.—in its manufacturing
phase. The qualitative indicators for wall constructions were aesthetic properties
(0.1) and maintenance (0.05).

In this instance, the most significant indicator was the inertia of wall con-
structions with a weight of 0.16. A more massive construction is slower to react to
temperature variations, which is a highly important factor in countries with hot
climates.

Once the weights of the criteria had been considered, the system produced
results indicating ‘External wall 4’ as the best wall construction. The parameters of
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the alternatives in question show that this construction has the lowest thermal
transmittance coefficient, one of the highest inertia values and one of the highest
prices. Since the price variation was minor, this criterion was not too determining a
factor in the overall assessment.

The group titled ‘Glazing’ (http://iti.vgtu.lt/imitacijosmain/simpletable.aspx?
sistemid=428) comprised six standard, sun protecting, reflecting or tinned glazed
units defined by ten criteria—seven quantitative and three qualitative.

Glazed surfaces have an impact on the energy demand for lighting, heating and
cooling of buildings (Da Silva et al. 2012), so the optical and thermal properties of
glazed units are of particular importance in hot climates. Higher energy demand
for cooling, leads to larger emissions, which in turn would exacerbate climate
change and global warming.

The alternatives in this group were defined by the following criteria: thermal
transmittance (U-value), solar heat gain coefficient (SGHC), visible light reflectance
(VLR), price, warranty time, longevity, functionality, comfort and aesthetics. All of
the quantitative criteria were available in the specifications produced by manufac-
turers. The qualitative indicators were scored in points by a group of experts.

In this particular case, the assessment trends of optical and thermal properties
correspond to the requirements laid out in SAFIERA: the lower the U-value, the
lower the SGHC value and the higher the visible light transmittance (VTT) value.
Here, the lower the U-value, the greater a window’s resistance to heat flow and the
better its insulating value. The lower the SHGC value, the better glazing is at
blocking unwanted heat gain. The higher the VTT value, the more light is trans-
mitted into the room and, in turn, the better is the visual comfort indoors. The biggest
weights in this group were, therefore, attributed to SGHC (0.27) and U-value (0.2).

The system’s results indicated ‘Glazing 5° as the best option among the glazing
alternatives. This glazing unit has the best thermal properties with its U-value at
1 W/m? K., some of the best optical properties with SHGC = 33 %, but the
highest price at 175 LTL/m”. Since the optical and thermal properties have far
higher weights—SGHC 0.27 and U-value 0.2—than price (0.1), the latter indicator
was not the determining one.

Besides the properties of glazed units, other factors that contribute to a build-
ing’s energy efficiency—such as glazed area, orientation towards the cardinal
directions and shading devices—also play an important role in hot climates. The
factors ought to be considered in early designing phases to find an optimal and
energy-efficient architectural solution.

Ouedraogo et al. (2012) shown that it is possible to achieve significant a 31 %
cooling load reduction by reducing the building total glazing surface area. Shading
devices can produce a cooling load reduction of up to 40 % depending on their
type and location. For East and West facing facade, the reduction in cooling load is
up to 49 % when shading devices are installed.

So our next group of objects is, therefore, eight alternatives of glazed areas
[window to wall ratio (WWR %)] (Table 1), four orientations of the main facade
towards the cardinal directions (Table 2) and four shading devices (Table 3).
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The application ProClim analysed the variation of heat gains for the following
groups of alternatives: facade glazing area (WWR %) varying between 10 % and
80 %, and the orientation of the main facade towards either north, south, east or
west. Heat gains were used as a quantitative indicator to assess the alternatives.

Naturally, the bigger the glazed area, the higher heat gains, which means higher
cooling costs. On the other hand, larger windows may improve a building’s
aesthetic properties, but may also make the maintenance of transparent surfaces a
more difficult task. The biggest weights in the group titled “Window to wall ratio’
(WWR %) were thus attributed to the following criteria: heat gains (0.3) and
comfort (0.2). As the glazed area becomes bigger, the area of other wall con-
structions shrinks, which is why, in terms of a higher price, ‘price of glazing’
(0.15) has bigger weight than ‘price of wall construction’ (0.1). The group of
qualitative indicators includes such indicators as aesthetics (0.15) and maintenance
(0.1). The best option determined by the above weights was the smallest possible
glazed area.

Likewise, the facade orientation towards the cardinal directions (Table 2) was
assessed against two criteria: heat gains (0.5) and comfort (0.5). Heat gains were
estimated by the application ProClim, but it is a relative figure, which, in our case,
shows the trends in gain variation determined by different orientation. Comfort
was scored in points. In this particular case, the best fagade orientation is
northward.

Shading devices are one of the simplest ways to block unwanted sun gains.

Shading devices may control solar gains, block direct sunlight and transmit
diffuse daylight in the room and eliminate glare and high contrast. Fixed shading
devices are usually employed in the building envelope to exclude solar radiation in
the summer and admit it during the winter (Tzempelikos et al. 2007).

The decision-making matrix in the group titled ‘Shading’ (Table 3) analyses
four types of blinds: internal vertical plastic blinds, internal horizontal wooden
blinds, internal horizontal aluminium blinds and external blinds. At any rate, since
blinds are mounted on glazed surfaces, their efficiency to block solar gains, price,
control options and the ease of use, the warranty term, are not the only factors, the
choice of colour and appearance are also important. All quantitative details were
submitted by the manufacturers of shading devices.

In this particular case, the biggest weights were attributed to efficiency (0.3),
price (0.2) and control options (0.15).

The best alternative in this group was internal horizontal aluminium blinds. At
30 %, these blinds had the same efficiency as all other options of internal blinds,
but the lowest price. The efficiency of external blinds to block solar gains is up to
80 %, but the price had one of the biggest weights in the decision support system
and, therefore, it appears to have been the determining criterion in the overall
assessment.

Another feature of the system is multivariate design (Table 5). It might prove
useful when one needs to make an integrated assessment of all structural and
architectural combinations. The method involves the assessment of the alternatives
from all groups of objects at once considering all weighted criteria defining each of
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the alternatives. A possible combination takes one alternative from each group,
which are glazing, external wall, orientation, WWR % and shading. The system
produces 3,840 possible combinations defined by 40 criteria.

Multivariate design is different from the assessment of individual alternatives
by its ability to make an integrated assessment of the entire combination’s effi-
ciency. As a result, it may happen that one of the most efficient combinations is not
necessarily a combination of the best alternatives from each group of objects. It is
a way, then, to pick out a combination of alternatives with maximum efficiency by
all possible criteria.

5 Conclusion

In the past there has been no intelligent approach to learning from climate change
mitigation and adaptation in built environment projects once they are completed.
Now, however, the built environment is adapting concepts of tacit and explicit
knowledge management to improve the situation. Top managers generally assume
that professionals in enterprises already possess tacit and explicit knowledge and
experience for specific types of projects. Such knowledge is extremely important
to organisations because, once a project is completed, professionals tend to forget
it and start something new. Therefore, knowledge multifold utilisation is a key
factor in productively executing a climate change mitigation and adaptation in
built environment project. The main purpose of this paper is to present the Model
and Intelligent System of Built Environment Life Cycle Process for Climate
Change Mitigation and Adaptation which the authors of this paper have developed.
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Benefits of Refurbishment

Marina Mistretta, Marco Beccali, Maurizio Cellura, Francesco
Guarino and Sonia Longo

Abstract Energy and environmental performances of buildings strictly depend on
many factors related to the choice of construction materials, HVAC plants and
equipment, design, installation and use. By definition, a building interacts closely
with its environment. The interactions between building and climate, plants and
users have to be taken into account. This aspect is evident in new buildings design
process, but it is even more important in the design phase of an existing building
renovation, during which actions of energy saving are developed. This chapter
summarises the results of the energy and environmental assessment of a set of
retrofit actions implemented in the framework of the EU Project ‘BRITA in PuBs’.
The main goals were to improve building energy and environmental performances
following a life-cycle approach and to support the project partners to select the
retrofit actions involving the highest energy saving and the lowest environmental
impacts. Synthetic indices, as energy and GWP payback times, and energy return
ratio, are defined to better describe the energy and environmental performances of
the actions. The use of the life-cycle approach was very successful and potentially
transferable to other contexts of building retrofit study.

1 Introduction

The annual balance for operating energy or carbon emissions has been the goal of
different building projects implemented in many European countries. This topic
has been adopted by politics to define strategies of energy saving and climate
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change in the building sector (Voss et al. 2011). Such a topic is addressed in the
EPBD recast, according to which all new buildings should be built as nearly zero
energy buildings within 2020 (Directive 2010/31/EU). A particular focus is given
to the refurbishment of existing buildings, for which the EPBD recast prescribes
retrofit scenarios addressed to reduce operating energy.

This aspect is a key issue owing to the following topics of the building sector:

1. The turn-over rate of buildings is quite low and does not exceed more than 3 %
yearly (Eicker 2012)

2. Buildings are the largest consumers of energy and account for about 40 % of
the total EU final energy consumption (Ardente et al. 2010)

3. Environmental performances (climate change, resource depletion, toxicity, etc.)
are the most relevant driving forces for energy saving in buildings.

The goal of undertaking the energy and environmental assessment of building
retrofit actions is a complex matter. The energy use during the building operation
is influenced by several factors, such as climate, building envelope and other
characteristics, building occupancy and use, heating and air conditioning equip-
ment type and schedule (Cellura et al. 2010). When a building undergoes a retrofit
project, the quantification of the related energy savings should include the fol-
lowing steps:

1. the assessment of the energy consumption of the technical equipment;

2. the assessment of the influence of significant variables (e.g. climate, building
occupancy, operation hours) on energy consumption;

3. the assessment of the energy consumption of the technical equipment after
retrofit, through post-retrofit monitoring or building energy simulations;

4. the calculation of achieved energy savings through a balance between the post-
retrofit energy uses and the pre-retrofit ones.

This approach is limited to the assessment of operation energy balances and is
not capable to deal with global energy and environmental benefits related to the
designed retrofit (Dixit et al. 2010). The improvement of energy performances in
building operation still must be the primary goal of the design step to reduce the
operating energy demand, improving the thermal insulation of the building
envelope and the efficiency of energy devices, installing alternative energy using
systems and renewable energy technologies for heating, domestic hot water and
electricity generation (Beccali et al. 2011; Lo Mastro and Mistretta 2004). Nev-
ertheless, such measures could lead to an increase in embodied energy of build-
ings, which is embedded in building materials, transportation and construction
processes, and in the energy needed for demolition (disposal/recycling) (Beccali
et al. 2001). Some studies show that 40-60 % of the life-cycle energy is used in
the production and construction phases (Ardente et al. 2008).

The above considerations highlight the role of the life-cycle approach to per-
form a reliable and complete building energy and environmental assessment.
Designing an effective building retrofit requires an exhaustive study of all solu-
tions involving planimetric and volumetric changes and exclusion of the obsolete
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building elements. Housing renovation should reduce the environmental impact
(e.g. energy and resource consumption, emission of air and water pollutants, waste
generation, and noise), increase the indoor comfort and improve the architectural
appearance of the building facades.

2 Literature Review

Energy use in building operation accounts for 70-90 % of energy used during its
life cycle (Chen et al. 2001; Zimmermann et al. 2005; Cole and Kernan 1996; Fay
et al. 2000; Suzuki et al. 1998; Nemry et al. 2008; Ortiz et al. 2009). Some
literature studies on LCA carried out on low-energy houses focused on minimising
the final energy use or the purchased energy in the operation phase, while the
energy consumption in other phases is often neglected.

All of the cited studies reach the conclusions that moving toward low-energy
building and to nearly Net ZEBs involves a decrease in the relative share of energy
use related to building operation.

An interesting Swiss study, based on a life-cycle approach, estimated that the
construction sector is responsible for about 50 % of the life-cycle primary energy
consumption in Switzerland (Zimmermann et al. 2005). Such consumption is
mostly due the single-family dwellings, followed by the multi-family dwellings.
The highest contributions are given by the energy use for heating and hot water
supply (50-70 % of the global consumption), while embodied energy of the
building materials accounts for 10-20 %.

Another life-cycle study was carried out within the EU Building Project
‘Environmental Improvement Potentials of Residential Buildings’. It assessed the
environmental improvement potentials of residential buildings, including all rel-
evant types of existing and new buildings used as household dwellings in the
EU-25 (Nemry et al. 2008). Such a study took into account the residential building
stock in the EU 25, divided in single-family houses, multi-family houses and high-
rise buildings. The operation and the end-of-life phases were included in the
existing building analyses, and the construction phase was added in the new ones.
The results showed a common trend both for new buildings and existing buildings:
the high-rise buildings involved the lowest life-cycle impacts, while, on average,
single-family houses have the highest impacts (i.e. a primary energy requirement
of 1,000-1,500 MJ/(m?y), and a GWP of about 70-80 kgCOs./(m’y)). This trend
depends on the effects of the climatic conditions, the building shape and the shell
insulation on the internal thermal loads. For new buildings, the use phase domi-
nates the total environmental impacts at EU level, but the construction phase also
accounts for a large rate of the impacts (8.3-34.3 % of the environmental impacts).

Another interesting comparative study among different residential buildings
was presented in (Ortiz et al. 2009). Six semi-detached house typologies, common
in the central Europe, with living surfaces ranging from 176 m? to 185 m” and an
average useful life of 80 years were analysed. The houses differed in the energy
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efficiency of the heating system as well as in building materials. The reference
house had an energy demand for heating of 353 MJ/(m?y). The other houses
showed values of energy consumption between 122 and 187 MJ/(m?y), typical for
low-energy houses. The houses only differed slightly in their sizes and layouts.
The study showed that the adoption of high-efficiency design solutions (higher
insulation, high-efficiency plants, low-energy materials, etc.) sensibly decreased
the global energy demands with respect to a common reference building. Worse
performances of the examined buildings were generally to be related to inadequate
insulation or to the use of electricity for the building heating.

An Italian case study (Blengini and Di Carlo 2010) compared a standard house
and a low-energy house, clearly showing the different role of embodied energy in
relative terms. The primary energy used for construction and maintenance
increased by 20 % when taking the step from the standard house to a low-energy
house. The analysis was performed by collecting and estimating data from each
phase of the building, including the design phase, production of construction
materials and components, energy and water supply, construction and installation
of plants, use, maintenance and management of the building end-life. The results
showed that the use phase involved the most significant energy consumption,
accounting for 75 % of the total primary energy demand. The construction phase
required 19 % of the total energy demand, while the maintenance and end of life
phases accounted for 6 % of the total primary energy demand. A more detailed
analysis of the use phase showed that the electricity consumption was dominant,
followed by the use of LPG for house heating, hot water demand and cooking. A
large part of the consumptions were related to the use of household appliances and
other electrical equipment.

All the above case studies show that the embodied energy has decreased
slightly over time, indicating that the construction of buildings and technical
systems in general has become more effective over time. However, the relative
share of embodied energy in the life-cycle energy assessment is increasing and the
most relevant efforts that should be made are to choose insulation materials with
low embodied energy instead of increasing the amount of insulation and to
increase the share of renewable energy use.

Scientific literature shows few studies specifically focused on building refur-
bishment actions. The EU Project ‘BRiTA in PuBs’ (Bringing Retrofit Innovation
to Application in Public Buildings was aimed at: (1) increasing the market pen-
etration of innovative and effective retrofit solutions; (2) improving energy effi-
ciency of public buildings; and (3) promoting renewable energy technologies in
public buildings all over Europe.

The following sections summarise the results of energy and environmental
assessment of a set of retrofit actions implemented in the framework of the above-
mentioned project (Ardente et al. 2011). In detail, following a life-cycle approach,
the authors present a balance between energy and environmental benefits and
drawbacks concerning exemplary building retrofit actions, such as the introduction
of insulation and windows with high thermal efficiency, installation of renewable
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energy plants and efficient HVAC and lighting (UNI EN ISO 2006). The use of
such an approach was very successful and potentially transferable to other contexts
of building retrofit study.

The energy and environmental assessment allowed the partners to select the
retrofit actions which could involve the highest energy saving and the lowest
environmental impacts to the eco-profile of refurbished buildings.

The environmental burdens of retrofits were assessed to estimate the order of
magnitude of the impacts and to identify environmental ‘hot spots’ of retrofits, i.e.,
materials and components with the highest environmental burdens.

3 Description of the Retrofit Actions in the Assessed
Buildings

The following six European buildings are the selected case studies; each one
underwent proper sets of retrofit actions:

1. Old Brewery, Brno (Total floor area after the intervention: 2,660 mz). The
retrofit was applied to the old ‘Brewery’ located in the historical centre. The
former brewery has been transformed into a modern social and cultural centre
for students and academics, including a structural renovation of the building
and an energy retrofit by installing several innovative components, such as new
thermal insulation of the surfaces, high-efficiency windows, high-efficiency
HVAC systems, condensing gas boilers and PV panels.

2. Hol Church, Gol (Total floor area after the intervention: 555 m2). The retrofit
was performed on an ancient Norwegian timber church. The actions included
removing rotted timber, installing rock wool insulation, introducing an inno-
vative solar-assisted heating system, and installing PV panels and energy-effi-
cient light bulbs.

3. College, Plymouth (Total floor area after the intervention: 5,794 m2). The
retrofit was performed in the existing city college in Plymouth and included
specific energy-saving actions. The existing building was erected using a
simple cavity wall construction and single glazed windows, all of which results
in very low insulation values. The existing walling is typical of its time with an
outer facade of imperial-sized bricks and a 50-mm dry cavity with no insula-
tion. Existing window units are single panes in metal frames. The external
facades, as in most buildings of the same kind and age, are now in a poor state
of repair, and suffer particularly because of their close proximity and exposure
to the South West coast line weather. Available data on wind exposure and
prevailing wind direction in addition to the outlook of the site suggested that it
would be appropriate to install wind turbines. Thus, two wind turbines (with a
nominal power of 6 kW each) were installed on the roof of the building, 21 m
above ground level. Other modifications for heating, cooling and lighting
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control, solar glare control, and thermal gains reduction were designed but not
realised during the project.

4. Prgvehallen, Copenhagen (Total floor area after the intervention: 2,300 m?). The
site was an old industrial area that was completely reshaped and turned into a
modern low-energy and multifunctional cultural centre. The retrofit was
essentially characterised by the installation of thermal insulation of the external
walls of the buildings, low-energy windows and a ‘demand controlled’ system of
mechanical and natural ventilation. Two PV plants were installed: an array of
PV cells on the south gable wall, and an innovative photovoltaic/thermal (PV/T)
solar collector cooled by a heat pump to increase the efficiency of the PVs. The
produced electricity is used in the building or sold to the electricity grid.

5. Nursing home, Stuttgart (Total floor area after the intervention: 2,131 m?). The
heating system had an old measurement control system. The boiler system was
not efficient because of the falling insulation and the missing control system.
Opening the windows was the only ventilation source, as no mechanical ven-
tilation system was installed. A cooling system in this habitation-like building
in Germany is not necessary. The lighting system consists of energy-saving
fluorescent tubes and bulbs in the rooms and traffic areas. It was controlled by
manual on/off switches. The lighting system did not work efficiently. The
power of the installed lighting system ran up to 12.5 W/m? for 300 Ix. The
retrofit project included many integrated renovation actions, including energy
retrofit of structures, wall insulation with mineral-fibre wool, integration in the
facades of high-performance windows, and installation of high-performance
heating and ventilation systems. Furthermore, a thermal solar plant was
installed to provide 32 % of the domestic hot water demand. Moreover, a PV
system with a yearly production of 12.6 kWh/y was installed.

6. Vilnius Gediminas Technical University (VGTU) main building, Vilnius (Total
floor area after the intervention: 8,484 mz). The thermal transmittance of the
walls was 1.07 W/(m?K). After 30 years of exposure, both the sun and rainfall
impacted the partitioned external sectors. Somewhere, connection junctures of
three-layer panels were already partly crumbled and pervious to moisture. The
juncture in damaged places of the external sectors partitioned off was sealed
with warm sealing material and stopped up with a sealant. The renovation of
the VGTU case study mainly involved: (1) the renovation of old facades and of
the roof; (2) the substitution of old wall insulation with higher thermal per-
formance materials; (3) the installation of high-efficiency windows with
selective glasses and low thermal transmittance; (4) the renovation of the
heating system; (5) the replacement of the old heating and ventilation systems
with fully automated ones.

The environmental assessment of the case studies was performed by coupling
field data with referenced eco-profiles of the main building products and processes
applied in the project. Information about retrofit actions arose from:
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e Designs, including the description of construction materials, plants, energy-
efficient components and technologies to exploit renewable energy sources.

e Checklists and questionnaires for a data survey during the construction and
implementation of the retrofits, including also data regarding waste production
and energy consumption of construction machinery.

e Monitoring data on the energy consumption of buildings and the energy pro-
duction energy systems.

Retrofit actions are likely to be conceptually complex, because they include
other concepts, such as economic and aesthetic considerations, besides the energy
and environmental aspects. The final choices depend on a variety of environmental
technological and economic mechanisms. Therefore, a preliminary list of the
foreseeable consequences that are potentially important for the energy and envi-
ronment, due to the retrofit actions, was prepared. Afterwards, the potential key-
issues enclosed in the list were discussed with a network of experts involved in the
project. A combination of experts was selected from the group of participants to
complete questionnaires on numerical data and qualitative judgements. Ques-
tionnaires were provided to the project participants to collect data regarding both
the design stage and the implementation of the retrofit actions.

In particular, the requested information concerned the following categories:

e building materials used for the retrofit work, with particular attention to their
thermal properties

window typologies and characteristics,

lighting equipment,

innovative and traditional heating systems,

PV and solar thermal collectors,

ventilation systems,

pipes and ducts,

energy consumption of machinery used during retrofit work,

waste produced during construction.

Table 1 shows the direct energy consumption in the case studies, before the
retrofit actions, and the direct energy savings by renovating the building compo-
nents, materials and technologies; these data were collected among the project
partners by means of questionnaires. The greatest difficulties concerned the
availability of inventory data. Because a detailed analysis of each construction
component was beyond the goals of the project, national and international envi-
ronmental databases were investigated to select representative eco-profiles of
products and systems [23, 24, 25, 26, 27]. Data were deduced from references and
adapted to the specific retrofit context when not available.

A relevant issue was the service life of each retrofit component, which were
taken from the technical reports of the suppliers (Table 2).
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Table 1 Energy

o Case study Energy use before retrofit (Gl/y)
consumption in the case
studies, before the retrofit Brno
actions Space heating 2,376
Electricity 588
Gol
Space heating 440
Electricity 74
Plymouth
Space heating 4,320
Electricity 2,336
Copenhagen
Space heating No data
Electricity No data
Stuttgart
Space heating 2,446
Electricity 472
Vilnius
Space heating 5,437
Electricity 1,101
Table 2 Energy .savings Case study Total heating energy Total electricity
aftf(:ir the retrofit in each case saving [GJ/year] saving [GJ/year]
sty Brmo 1243 133
Gol 205 36
Plymouth 693 41.4
Prgvehallen 693 192
Stuttgart 1,482 433
Vilnius 1,546 1,101

3.1 Energy and Environmental Analysis of The Retrofit
Actions: Benefits and Drawbacks

Energy and environmental analysis was carried out by means of suitable and
meaningful indicators, which were assessed and presented at the level of mid-point
indicators according to the data format of the environmental product declaration
(EPD) scheme and recommended by ISO 14040 (EPD 2008; UNI EN ISO 14040
2006). Therefore, the following indicators were taken into account:

In particular, the requested information concerned the following categories:

Gross energy requirement (GER).
Global warming potential (GWP).
Ozone depletion potential (ODP).
Acidification potential (AP).
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e Eutrophication potential (EP).
e Photochemical ozone creation potential (POCP).

Furthermore, the following payback indices were added to the above EPD set
for a deeper description of the energy performance of the retrofit actions and to
compare different alternatives:

e Energy Payback Time (Epr) of a building retrofit action, which indicates the
time needed to save as much energy (valued as primary) as that consumed
during all the life-cycle phases of each retrofit component/material/technology,

e Emission Payback Time (Empr gwp), Which indicates the time during which the
avoided GWP by the application of the retrofit actions is balanced by that one
derived from the life-cycle of each retrofit component (PRe 2010),

e Energy return ratio (Eg), which shows how many times energy saving exceeds
global energy consumption. It includes GER and the primary energy saving
induced by the retrofit actions during the whole building life cycle.

In detail, Epr was assessed for each action as:
Epr = GER/E;, (1)
where

e GER is calculated with regard to the life cycle of the retrofit action (GJ).
e [, is the yearly saving of primary energy due to the retrofit action (GJl/y).

The yearly direct saving of electricity and heat was estimated at the design
stage of the retrofit actions or measured after the retrofit was completed (Table 3).
Such data were converted into primary energy based on the energy mix for the
production of electricity and other energy sources for each considered country
(Frischknecht et al. 2007). Empy gwp Was defined as:

EmpT.’Gwp = GWP/GWPQJ (2)
where

e GWP is calculated with regard to the life cycle of the retrofit action (kgCO,eq).
o GWP,, is the GWP avoided yearly after the retrofit (kgCO,eq/y). It also rep-
resents the GWP, which arises from the building if no retrofit action performed.

Table 3 Service life of each Component

Lifetime (years)
retrofit component

Lighting equipments 3
Small wind turbines 15
HVAC systems 15
Solar thermal plants 15
PV plants 20

Building components 35
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Then, it depends on the typology and efficiency of the used plants. For each
action, it is assessed on the basis of E;, and of the reference emission factor of
each electricity mix and national gas-fired heating plants.

Ex was defined as follows:
Er = E;/GER (3)

where Ej is the total saving of primary energy during the lifetime of each retrofit
action (GJ).

3.2 Results

3.2.1 Case Study: Brno

The retrofit of the Brewery building (Brno) included the following actions:

e refurbishment of the building envelope with new thermal insulation and high-
efficiency windows to reduce the thermal losses and the lighting need,

e installation of PV panels and of high-efficiency technology for heating and
ventilation.

Figure 1 compares GER to total energy saving, while Fig. 2 shows the con-
tribution to GER of each retrofit phase. The construction phase required the use of
electricity and diesel oil to operate the machinery. The disposal scenario included
the transportation of wastes coming from the building site and their disposal to
local landfills. It is observed that the highest GER is due to the PV plants, while
insulation and window replacement represent 4 % and 3 % of GER, respectively.
The construction phase represents 19 % of GER, while the contribution due to
wastes disposal is 4 % of GER. The retrofit of the building envelope provides
yearly primary energy savings of 586 GJ/y. In particular, the building insulation
that was improved with mineral wool boards of 100 mm for the facade and the

Fig. 1 GER compared to the Case study: Brno
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Case study: Brno
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Fig. 2 Contribution of each retrofit actions to the GER in brno case study (brewery)

roof, and with 60 mm polystyrene boards for the ground floor, involved a primary
energy saving of 126 MJ/(m?y). The introduction of low-e windows saves 123 MJ/
(m?y). As indicated in Table 3, the PV panels provided a yearly electricity pro-
duction of 119 GJ/y. The related primary energy saving was 443 Gl/y (156.5 MJ/
(m?y)). The high-efficiency HVAC system involved a yearly electricity saving of
14 Gl/y and a yearly heat saving of 772 Gl/y. The related primary energy saving
was 1,292 GJ/y (486 MJ/(m?y) for a total floor area of 2660 m?).

Case study: Gol
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Fig. 3 GER compared to the total energy saving in Gol case study (Hol Church)
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Case study: Gol
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Fig. 4 Contribution of each retrofit actions to the GER in Gol case study (Hol Church)
3.2.2 Case Study: Gol

The retrofit of Hol Church (Gol) included the following actions:

e refurbishment of the building roof and the ground floor, by means of new
thermal insulation and high-efficiency windows to reduce the thermal losses and
the lighting need,

o installation of PV panels and of a solar thermal system,

e introduction of efficient lighting.

Figure 3 compares GER to total energy saving, and Fig. 4 shows a contribution
to GER of each retrofit action. It is observed that the highest GER is due to the
building insulation, while the lighting system contribution is negligible.
The refurbishment of the building envelope is also the retrofit action that involves
the highest energy saving (8,612 GJ).

The refurbishment of the building roof and floor provides a yearly saving of
primary energy of 246 GJ/y (443 MJ/(m?y) for a total floor area of 555 m?). The
installation of the PV panels provided a yearly saving of 1 GJ/y of electricity. The
related primary energy saving is 1.5 GJ/y (3 MJ/(m?y)). The solar thermal system
involved a primary energy saving of about 9 GJ/y (16.2 MJ/(m?y)). Concerning
the introduction of efficient lighting, the yearly saved electricity was 35 GJ/y and
the related primary energy saving was 50 GJ/y, with a primary energy saving per
unit of floor area of 90 MJ/(mzy).

3.2.3 Case Study: Plymouth

The retrofit of Plymouth College included the installation of two 6-kW wind
turbines to reduce the electricity demand of the site.

The yearly saving of electricity provided by the retrofit action is 41.4 GJ/y with
a primary energy saving of 143 GJ/y. The total floor area is 5,794 m? and the
specific primary energy saving is 24.6 MJ/(m?y).No intervention for heat saving
was performed.
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3.2.4 Case Study: Provehallen

The retrofit of Provehallen (Copenhagen) included the following actions:

o refurbishment of the building envelope components to decrease the U-value, by
means of the facade and roof insulation, and the installation of high-efficiency
windows,

e installation of a PV plant and a PV/T solar collector, which is cooled by a heat
pump to increase the efficiency of the PVs,

o installation of a high-efficiency HVAC system.

Figure 5 compares GER to total energy saving, while Fig. 6 shows the con-
tribution to GER of each retrofit phase. The building insulation and the low-e
windows have the highest contribution to GER and the lowest energy saving,
compared to the other retrofit actions. The efficient HVAC system provides the
lowest GER (1 %) and the highest energy saving. Based on the results of the
energy and environmental analyses of the case study, the retrofit of the building
envelope provides a yearly saving of primary energy of 151 GJ/y and a direct heat
saving of 126 GJ/y. In particular, the insulation of the building envelope, made
with mineral wool boards, led to a primary energy savings of 65 GJ/y, while the
introduction of low-e windows involves a primary energy saving of 86 Gl/y.
Taken into account a total floor area of 2,300 m?, the primary energy saving was
28 MJ/(m?y) and 37.5 MJ/(m?y), respectively. Installation of the PV/T solar col-
lector saved 302 GJ/y (131 MJ/(m?y)). The high-efficiency HVAC system pro-
vided a primary energy saving of 2,113 GJ/y (919 MJ/(m?y)).

3.2.5 Case Study: Stuttgart

Renovation of the Nursery Home (Stuttgart) involved the following actions:

e insulation of the envelope opaque elements and high-efficiency windows (low-e
glasses) to reduce the thermal losses,

Fig. 5 GER compared to the 18.000 Case study: Provehallen
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Case study: Provehallen
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Fig. 6 Contribution of each retrofit actions to the GER in Provehallen case study

Fig. 7 GER compared to the Case study: Stuttgart
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o installation of a solar heating system and a PV plant,
e installation of high-efficiency technology for heating and ventilation (HVAC),
e installation of efficient lighting.

Figure 7 compares GER to total energy saving, and Fig. 8 shows the contri-
bution of each retrofit action to GER.

The heat saving due to the retrofit of the building envelope (756 Gl/y) involved
a primary energy saving of 1,021 GJ/y, of which 352 MJ/(m?y) were provided by
the insulation of the envelope opaque elements, and 127 MJ/(m?y) derived from
the introduction of low-e windows. The total floor area was 2,131 m?>.

The primary energy saving related to the PV production (49 GJ/y) was 81 MJ/
(m?y). The solar thermal plant provides heat savings of 84 GJ/y, with and a
primary energy saving of 866 MJ/(m?y). The high-efficiency HVAC system saved
284 Gl/y (642 Gl/y), involving a primary energy saving of 841 MJ/(m?y).
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Case study: Stuttgart
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Fig. 8 Contribution of each retrofit actions to the GER in Stuttgart case study

With regard to the lighting, the efficient system and the improvement of the
daylight transfer together brought an electricity saving of 100 GJ/y and a related
saving of primary energy of 349 GJ/y (163.6 MJ/(m?y)).

3.2.6 Case study: Vilnius

The retrofit of the VGTU main building (Vilnius) included the following actions:

e replacement of the existing thermal insulation of the external walls and instal-
lation of high thermal performance materials,

e replacement of the existing windows with high-efficiency ones (low-e glasses
and low U-value),

e refurbishment of the roof with the introduction of a waterproof layer.

The assessed final energy saving was 794 GJ/y from the high-efficient win-
dows, and 852 GJ/y due to insulation and renovation of roofs and facades. The
related primary energy saving due to the high-efficient windows was 116 MJ/
(m?y), while the insulation of the building envelope provided a primary energy
saving of 125 MJ/(m?y). The total floor area of the studied building is 8,484 m>.

Figure 9 compares GER to total energy saving, and Fig. 10 shows the contri-
bution to GER of each retrofit action. The manufacturing of materials provided the
highest impacts. In particular, insulation and window replacement are each
responsible for about half of the GER.

The construction phase represents about 5 % of GER, while the contribution
from wastes disposal is almost negligible. The construction phase required the use
of electricity and diesel oil to operate the building machineries.

The disposal scenario included the transportation of wastes coming from the
building site and their disposal to local landfills. GJ/y (919 MJ/(m?y)).
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Fig. 9 GER compared to the Case study: Vilnius
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4 Discussion of the Results and Conclusions

Looking at the assessment outcomes, the most significant benefits (energy saving
and avoided GWP) are related to the improvement of the quality of envelope
thermal insulation (high-efficiency windows and thermal insulating boards).
Substitution of insulation, lighting and glazing components were the most efficient
solutions.

In all the case studies, renovation of HVAC plants and lighting systems pro-
vides significant energy benefits. Both for solar and wind plants, a generally
overestimated energy production at the design stage was observed with regards to
the monitored one. This involved lower energy savings and higher payback indices
than the predicted ones.

In detail, the following key considerations can be traced. For each case study,
the retrofit actions involve about 50 % of energy saving for heating, except for

Case study: Vilnius
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Fig. 10 Contribution of each retrofit actions to the GER in Vilnius case study
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Table 4 Environmental indices for each case study

Building Index Benefits Impacts Net benefits
Brewery—Brno GER [GJ] 51,382 1,657 49,725
GWP [10® kg CO,-eq] 3,087 82 3,005
ODP [kg CFC11 eq] 0.28 0.03 0.25
AP [kg SOseq] 4,847 598 4,249
EP [kg PO,>"eq] 394 59 335
Hol Church-Gol GER [GJ] 8,927 172 8,755
GWP [10° kg CO,-eq] 499.5 10.5 489
ODP [kg CFC11 eq] 0.06 0 0.06
AP [kg SOseq] 377 60 317
EP [kg POs*"eq] 41 7.6 334
College—Plymouth GER [G]] 2,142 97 2,045
GWP [10* kg CO»-eq] 117 7 110
ODP [kg CFC11 eq] 0.003 0 0.003
AP [kg SOseq] 415 32 383
EP [kg PO,*"eq] 30 2.4 27.6
Prgvehallen GER [GJ] 25,748 4,078 21,670
GWP [10° kg CO»-eq] 2,697 216 2,481
ODP [kg CEC11 eq] 0.15 0.05 0.1
AP [kg SOseq] 2,494 987 1,507
EP [kg POs"eq] 205 118 87
Stuttgart GER [GJ] 91,983 2,151 89,833
GWP [10® kg CO,-¢eq.] 5,230 115 5,115
ODP [kg CFClleq] 0.37 0.04 0.33
AP [kg SOseq] 3,852 753 3,099
EP [kg POs*"eq] 401 56 345
Vilnius GER [GJ] 71,717 4,358 67,359
GWP [10° kg CO»-eq.] 4,077 218 3,859
ODP [kg CFClleq] 0.4 0.16 0.24
AP [kg SOseq] 3,206 1,253 1,953
EP [kg PO,*"eq] 334 111 223

Plymouth, where no intervention for heat saving is performed, and for Vilnius,
where the energy saving is lower (about 30 %).

With regard to the electricity use, the highest saving is reached in the Stuttgart
case study (90 %), while at Plymouth College, the wind turbine installation
involved just 2 % of the yearly consumption, reaching unsatisfactory results
(see Table 3).

Table 4 shows the outcomes of the environmental indices for each case study.
The results are not numerically comparable because of the different complexity
and scale of interventions. With regard to GER and GWP, two sets of building
retrofits with different and extended interventions can be identified:

e Stuttgart, Vilnius, Proevehallen and Brno case studies, which involve high
values of GER and GWP.
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Table 5 Environmental indices for each case study

Case study  Retrofit actions GER  Primary Epr GWP Avoided Empr GWP
energy GWP
saving
Brno PV 926 8,859 2.1 42 608 1.4
Building insulation 454 11,724 14 26 666 1.5
Low-e windows 55 11,414 02 2 680 0.1
HVAC system 222 19,385 02 11 1,133 0.2
Total 1,657 51,382 0.7 82 3,087 0.6
Gol Lighting 0.3 150 0.01 0.02 2 0.03
Insulation 165.5 8,612 0.7 10.15 490 0.73
Solar thermal plant 4.1 134 05 022 75 0.44
PV plant 2.1 31 1.5 0.1 0 6.1
Total 172 8,927 0.6 10.49 499.5 0.7
Plymouth ‘Wind Turbines 97 2,142 0.68 7 117 09
Prgvehallen  PV/Thermal plant 716 4,533 24 37 390 1.9
Building Insulation 1,716 2,262 26,5 117 129 31.9
Low-e windows 1,604 3,016 186 58 172 11.8
HVAC system 42 15,937 0.04 3 2007 0.03
Total 4,078 25,748 2.7 216 2697 1.3
Stuttgart Solar thermal plants 323 27,680 02 185 1,574 0.2
PV 833 3,449 48 377 196 3.8
Building Insulation 452 26,255 0.6 327 1,493 0.8
Windows 110 6,681 0.6 0.1 380 0.01
Lighting 104 1,046 03 6.7 59 0.3
HVAC system 330 26,871 0.2 195 1,528 0.2
Total 2,151 91,983 0.4 115.1 5230 0.4
Vilnius Insulation 2,236 37,120 0.5 85 2,110 1.4
Windows 2,122 34,597 0.5 133 1,967 24
Total 4,358 71,717 2.1 218 4,077 1.9

e Gol and Plymouth case studies, with smaller and more focused actions that
involve lower GWP and GER values.

e The other environmental indices, such as AP, EP, and POCP, follow a similar
trend to the GER and GWP.

Table 5 shows the results of Epr and Empr gwp indices calculated for each
action.

The highest payback time results are connected to the PV plants for each case
study, except for Provehallen, where the renovation of the building envelope
involves high values for Epr and Empr gwp. Such action provides the highest GER
and the highest GWP with the lowest energy saving and the lowest environmental
benefit (avoided GWP). With regard to the Eg, all implemented actions are
characterised by relevant energy benefits. The energy saving overcomes the total
energy consumption a minimum of 6 times (Proevehallen case study) to a maxi-
mum of 52 times (Gol case study).
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Modelling the Occupant Behaviour
Impact on Buildings Energy Prediction

Joao Virote and Rui Neves-Silva

Abstract Building retrofitting projects represent great opportunities to include
new energy efficient technologies, already available on the market. However, for
many of these technologies, the occupants’ behaviour within the building can
weaken the expected return on investment. This is special true in intelligent
technologies that try to compensate the lack of user awareness of energy con-
sumption problems. This chapter describes a model for occupant behaviour within
the building in relation to energy consumption, along with a building energy
consumption model (ECM) is proposed based on stochastic Markov models. The
ECM is used to predict possible energy saving gains from building retrofitting
projects. The obtained results demonstrate that the proposed ECM learns occupant
behavioural patterns from the building. Additionally, it reliably reproduces them,
predicts the building energy consumption and identifies potential areas of energy
waste. The ultimate objective of the proposed models is the integration in Decision
Support Tools to advise the investor on the selection of technologies and evaluate
the merits of the investment.

1 Introduction

This chapter is derived after the results first presented by Virote et al. (Virote and
Neves-Silva 2012).

According to Hoes et al. (2009), ‘Energy use in buildings is closely linked to
their operational and space utilisation characteristics and the behaviour of their
occupants’. User behaviour and lifestyle choices are closely linked to the use of
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energy (Oikonomou et al. 2009). In particular, most of the energy waste in a
building occurs during non-occupancy hours (Masoso and Grobler 2010).

Usually, building retrofitting projects are associated with high costs and large
payback periods. These projects rely on intelligent building technologies or
energy-efficient technologies to achieve sustainable consumer behaviour (Midden
et al. 2008). The outcome of building retrofitting projects is often unpredictable
due to the uncertainty surrounding occupant behaviour as studied in (Murray
2009). Therefore, it is crucial to take into account the interactions between the
occupants and the building when investing in energy efficient technologies. These
investments could be sustained through a model that reliably reproduces the
building’s usage patterns and predicts the building energy consumption while
analysing potential energy saving areas.

Technology can help raising awareness of energy use and reduce the level of
consumption and waste (Ockwell 2008; Midden et al. 2007). Retrofitting of
existing buildings has many challenges and opportunities, and a major issue is the
effectiveness in the adopted technologies and measures (Ma et al. 2012). As a
result, a framework to support the decision-making process in order to ensure the
outcome of investments in energy efficiency is mandatory (Masini and Menichetti
2012).

To summarise, retrofitting projects should be adapted to each specific building
and not through a generic or systematic approach to the building stock. Moreover,
being able to conveniently adapt a building to its occupants ensures a better in-
doors working and living environment (Frontczak and Wargocki 2011).

1.1 Research Problem

The behaviour of building occupants are often based on assumptions rather than
based on measured observations or resulting predicting models. These assumptions
lead to limitations in current simulation tools and provide a poor instrument to
predict the outcome of energy efficiency measures in a building. This results in a
gap between the estimated energy savings and the actual energy savings from
retrofitting projects (Yalcintas 2008). Hence, current simulation tools must be
provided with prediction models that reliably predict the energy consumption of a
specific building according to its actual utilisation patterns.

The objective is to develop an energy consumption model (ECM) for predicting
the energy consumption of a building based on actual measured performance and
usage data. Furthermore, this ECM is an added value when applied to the creation
of alternative scenarios implementing energy-efficient technologies.

This research work explores the applicability of stochastic models to represent
the space occupancy and the occupant’s behaviour. The research question is as
follows: Can stochastic models be used to model the space occupancy patterns and
occupant’s behaviour in order to predict the energy consumption of the building
and its waste under different conditions? The adopted solution approach is
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Fig. 1 ECM concept reflecting the building and occupants consumption assessment

represented in Fig. 1. The ultimate goal is to improve the success of investments of
energy-saving solutions in buildings.

1.2 Methodology

For proof of concept, our approach focuses on the utilisation of the lighting system
within the building. Although the lighting system is usually not the system that
consumes the most energy, such as HVAC systems for example, it provides the
greatest opportunity for energy savings.

It should be noted that example of HVAC systems is not structurally very
different from the case developed here. Although occupants can directly control
lighting, it is not expected that they will adjust for example airflow characteristics.
This is usually done by some type of Building Automation Systems controlling the
local variables from a collection of desired set-point values (local or global).
Nevertheless, building occupants do many things that directly affect the overall
energy demand although not necessarily with energy efficiency in mind. In that
case, the events of interest for the proposed approach would be actions such as,
opening and closing windows and blinds, or leaving the heating controls on high
demand when absent from the space.

The building performance and usage auditing could be achieved through an
installed wireless sensor network (WSN) (Jang and Healy 2010; Menzel et al.
2008; Spinar et al. 2008). In our context, the user occupancy assessment is a
repository of events, which represents user actions in the building environment
under regular usage conditions.

In the first approach, the ECM should approximate the energy consumption
prediction Pgcy to the real building energy consumption

7PECM(t) dl:7PB(l‘)dt+8 (1)
0 0
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Fig. 2 Block diagram representing the proposed approach steps

The residuals ¢ are estimates of experimental error obtained by subtracting the
observed data from the predicted responses, and T represents the observation
period.

The predicted response is calculated from the ECM, after the entire unknown
model parameters have been estimated from the observed data. Examining the
residuals is a key part of stochastic modelling. This tells us whether our
assumptions are reasonable, and the choice of model is appropriated. The meth-
odology is composed of a set of steps, which are depicted in Fig. 2.

2 Related Work
2.1 Building Simulation

A large number of studies have been conducted over the past decades to under-
stand how building occupants interact with building environmental systems and
how to simulate the building performance and environment. This is usually
referred to in the literature as building simulation or building performance simu-
lation and is a research area examining building life cycle in all their aspects.

The tools in the building energy field are the building energy simulation pro-
grams that provide users with performance indexes. In addition, most current
building simulation programs do not deal with activities performed by building
occupants and with the resulting utilisation of space. These tools rely on
assumptions referring to human behaviour (Robinson 2006).

A number of approaches have been proposed to simulate the energy con-
sumption of a building. In (Crawley et al. 2008), a comparison of twenty major
building energy simulation programs is performed. These programs are as follows:
BLAST, BSim, DeST, DOE-2, ECOTECT, Energy-10, Energy Express, Ener-
Win, EnergyPlus, eQUEST, ESP-r, IDA ICE, IES < VE >, HAP, HEED, Pow-
erDomus, SUNREL, Tas, TRACE and TRNSYS. From these, EnergyPlus (Team
2010) is considered to be the state of the art with regard to building energy
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simulation software and is widely used by simulation experts and beginners alike.
The reason for this is that EnergyPlus is based on the most popular features and
capabilities of BLAST and DOE-2 and because it is only a calculation engine
without any graphical user interface. An example is the DesignBuilder (Tindale
2010), which is acknowledged as the most comprehensive interface for
EnergyPlus.

Building performance simulation has become an accepted method of assess-
ment during the building design process (Hoes et al. 2009). Furthermore, due to an
increasing complexity of building design and higher demand for performance
requirements on sustainability, use of building simulations will become inevitable.

Mahdavi suggests that user interactions are difficult to predict at the level of the
individual (Mahdavi and Proglhof 2009) although, behavioural patterns for
building occupants could be extracted from long-term observational data. Since
this data are the outcome of actual observations in a building, they are more
reliable than the currently applied simulation assumptions (Mahdavi and Proglhof
2009). In this way, patterns obtained for one building cannot be transported to
other different buildings, because the occupancy models would be different.
Therefore, it is assumed that user behaviour is one of the most important
parameters influencing the results of building performance simulations. Unreliable
assumptions regarding user behaviour may have large implications for such
assessments. Moreover, this effect will become crucial when the design under
investigation contains improved passive and active energy efficiency measures.

In current building performance simulation tools, user behaviour is mirrored in
a very rigid way. In recent years, some models have been developed to include the
interaction of the user behaviour in building simulation. Models for the simulation
of occupant interactions with windows have been addressed in the Humphreys
algorithm for window opening that was derived from analysis of extensive survey
data and was implemented in the ESP-r software (Rijal et al. 2007). More work
related to window usage can be found in Herkel et al. (2008), Frederic and Darren
(2009). In (Borgeson and Brager 2008), a methodology for predicting occupant
window control is presented. Reinhart developed LIGHTSWITCH-2002 using a
dynamic stochastic algorithm (Reinhart 2004). Based on an occupancy model and
a dynamic daylight simulation application, it predicted manual lighting and blind
control actions providing the basis for the calculation of annual energy demand for
electrical lighting. Page hypothesised that the probability of occupancy at a given
time step depends only on the states of occupancy at the previous step (Page et al.
2008). In this way, he proposed the application of Markov chains towards occu-
pancy prediction.

As a continuation of the work by Reinhart and Nicol (Nicol 2001), Bourgeois
attempted to bridge the gap between energy simulation and empirically based
information on occupant behaviour via a module called SHOCC that was also
integrated in ESP-r application (Bourgeois et al. 2006). The SHOCC module is
applied in Hoes et al. (2009); however, this module requires several assumptions
with respect to the degree of occupation and the behaviour of users. That is, when
the number of occupants is relatively high and they operate with less strict
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schedules, the predictions are less reliable. For these, and more complex situations,
the USSU module can be applied (Tabak and Vries 2010).

The ECM proposed in this chapter is constructed with generated data, simu-
lating a building, and highlights from current simulation tools that rely on
assumptions or simulation methods. The applicability of the results is limited to
supporting or accurately predicting the effectiveness of energy efficiency measures
in a building. The purpose of the ECM is to fill that gap. Furthermore, the ECM
can be used to predict the outcome of the installation of energy efficient tech-
nologies by exploring alternative scenarios.

2.2 User Behaviour Modelling

The study of human behaviour has been the focus of many fields of research and
has been extensively investigated in business process modelling, cognitive mod-
elling, distributed artificial intelligence, computational organisational theory and
educational psychology (Atallah and Yang 2009). The main challenge is related to
the modelling of complex human behaviour using realistic yet adaptable models.
One of the most popular models is that of a hidden Markov model (HMM)
(Rabiner 1989), which is a stochastic model. Due to their ability to model spatial—
temporal information in a natural way, a significant amount of work in the area of
behaviour recognition is based on HMMs.

The concept of energy behaviours is explored in Lopes et al. (2012) where the
interactions between energy behaviours and energy efficiency in buildings are re-
viewed from an interdisciplinary to multidisciplinary end-use energy efficiency in
buildings and modelling energy behaviour trends. A survey in behaviour model-
ling is performed by Atallah and Yang (2009). Because little is known about user
activity in buildings, several experiments observe motions of real users with
cameras and other means of locating people (Tabak 2009). In other experiments,
user activities regarding light control have been monitored providing useful sta-
tistics to improve lighting control (Mahdavi and Proglhof 2009). Although such
experiments provide realistic user patterns, it is not easy to extract the reasons for
activities and thus derive abstract dynamic models. The study performed in
Borgeson and Brager (2008) classifies human behaviour as not deterministic. In
(Zimmerman 2007), agent models are addressed as suitable for behaviour mod-
elling, and multiple-agents simulation studies are performed. Other agent-based
model, which takes into account, the building occupant’s decision-making
regarding energy usage is performed in Chen et al. (2012).

Another important modelling technique is applying pattern recognition analysis
(Abreu et al. 2012) in order to identify common behaviours, which could provide
valuable feedback about dominant behaviours (affect building energy consumption
directly) and thus improving the effectiveness of energy-efficient technologies. In
order to isolate the effects of occupant behaviour on building energy consumption
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from other factors influencing the building energy consumption, a technique based
on cluster analysis proposed in (Yu et al. 2011) is used.

An occupant behavioural model based on HMMs is proposed by Virote and
Neves-Silva (2010). The objective was to capture the user dynamics and model the
user actions in a building regarding the interaction with the lighting system. In this
chapter, these models are improved and extended to the simulation process. The
novelty of this model is that it behaves as a generator and not as a behaviour
recognition model. That is, the model does not intend to explain, infer or recognise
the occupant behaviour based on external constraints. In its place, it generates a
similar occupancy behaviour pattern as the occupant generates.

3 Proposed Methodology

3.1 Stochastic Occupant Behavioural Model

The objective of developing a behavioural model for the building occupant, rep-
resented in Fig. 3 is to be able to predict the impact of the occupants’ decisions in
the overall energy consumption. Taking a simple example in lighting, how often
will the occupants switch off the lights when exiting a single office room and what
is the impact on energy consumption? The model reflects the behaviour of an
aggregate population expressed by the probability of performing an action.

Of course, occupants’ actions are the result of a complex behaviour charac-
teristics related with education, environmental awareness, involvement with the
economic impact, among other factors. Thus, it is possible to characterise occupant
behaviour as a composition of observable states representing actions; and hidden

(a) Occupant Observable Actions (Symbols)  (b)

P
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Occupant Hidden States (Markov Chain)

Fig. 3 a Generic structure of a Hidden Markov Model and b concretization of the generic hidden
Markov model with example of emission symbols
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states representing the complex behaviour that have influenced the observed
actions. Nonetheless, the motivations for the actions are often difficult to access or
see, for example, someone’s personal values, economics or even emotional con-
dition. So when building the behavioural model, the non-observable (hidden)
states model these factors.

An HMM is a probabilistic model composed by observable and hidden states,
as represented in Fig. 3a. The observable states represent the symbols that the
model can output associated with the actions performed by the occupants, e.g.,
turning on or off the air-conditioning; or switching the lighting system, Fig. 3b.

3.2 Building Markov Model Approach

Each building has its own use patterns according to the building purpose and its
occupants. As a result, each building will lead to a different model. Uncertainty is
always present when modelling, predicting and simulating real systems and
buildings are no exception. Many factors affect building performance that cannot
be known with certainty when the building is planned, designed, built, managed
and operated. But uncertainty also arrives due to the complex and unpredictable
nature of human behaviour. The ECM here proposed accounts for this stochastic
nature. The issue being on developing the ECM.

In an abstract way, and with no loss of generality, let us consider the building
illustrated in Fig. 4. The building is considered as a set of spaces. Consequently,
the building energy consumption is the sum the energy consumption of all spaces.
Likewise, the building configuration is the combination of each space’s
configuration.

The spaces are strongly influenced by the stochastic (not deterministic) nature
of occupant behaviour. Therefore, it can be assumed that the state of these spaces
will also have a stochastic nature. Stochastic modelling can take several forms.
Some can be simple functions that produce the probability of an action given a set
of environmental conditions as inputs, while others like Markov chains (MC) can
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Fig. 4 Decomposition of the building in a set of spaces in a lighting example. A white circle
represents the lighting system turned off and a shaded circle represents it turned on
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use the current state or other time-variant factors to influence the outcome. When
considering a first-order chain this defines the Markov condition that: the next state
is solely dependent on the current state, or

P{Xi11} = P{Xss1 = j| Xk = i} = pij (2)

The values X; from the countable set S are called states. If the model param-
eters are constant over time, the MC is denominated time-homogeneous Markov
chain or stationary Markov chain. That is, the model transition matrix is a constant
time-invariant matrix independent of the time instant k

P11 oo DPin
P=| .t [pii=0,Vies A pij = 1Vies 3)
Pm,1 ceo Pmn jes

This mathematical model describes a system that undergoes transitions between
states with a certain probability. Likewise, there exists a probability of observing a
space in a state and an additional probability of switching from that state (Fig. 5).

If considering that the spaces’ states are based on the observations over time,
the spaces are modelled using a state-space approach. A possible state decom-
position is illustrated in Fig. 6. The spaces can either be occupied or empty, and
the lighting system can either be turned on or off. The result is a discrete state
space with four states S = Sy, S|, S2, 53 which represent: empty space with energy
consumption; empty space with no energy consumption; occupied space with
energy consumption and occupied space with no energy consumption, respectively.
The stochastic nature is related to the transitions between these states.
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Fig. 5 Graphical interpretation of 4 possible states regarding the lighting system for a space
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Fig. 6 Introduction to the concept of frame, state, scene and spectrum

Given this description, the ECM is a cluster of n different MC, where n rep-
resents the number of spaces in the building, as represented in Fig. 4. Accordingly,
the ECM can be written as

ECM = OMCi(k), YMC; (k) =

i=1

{X,-(k—s— 1) = AX (k) )
Yi(k) = CX;(k)

The next step consists of estimating the ECM parameters based on acquired
measurements. That is, estimate the probability transition matrix P for each MC; of
the ECM. To solve this problem, an algorithm is proposed named Frame-Scene
Analysis.

3.3 Frame-Scene Analysis

A strong assumption for the MC is that system states being modelled are obser-
vable. So in order to obtain the model parameters, it is fundamental to have access
to the spaces’ states, since they must be observable. However, the measurements
are a collection of visible events and not directly the states. To estimate the MC
parameters, it is necessary to reconstruct the spaces’ states based on the available
events.

The developed algorithm was inspired by the work of Wada and Matsuyama
(2000) regarding behaviour recognition in a video sequence. The concept is that
during the observation period the spaces suffer changes to their configuration due
to the presence of the occupants and their actions. As a result, the space’s states
evolution is analogous to a video sequence in which there exists a history evolving
over time.
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The frame-scene analysis algorithm depicted in Fig. 6 transforms the events
into a spectrum for each space. The spectrum is the range of observed states that
the space underwent during the observation period. At a specific time instant, we
have a snapshot of that space configuration, that is, a frame. A frame f; is a
description of the space configuration at the time instant #;. Since a frame may be
valid for a period of time Az, it is extended to a state s;.

The day period is discretised into time slots. At each time slot #, the space is
observed and between #; and #;. 1, it is assumed that the space remains equal. This
time interval At is the time slot. For example, if considering 240 time slots per day,
each one will have 6 min. Nevertheless, consecutive time slots may experience the
same state. This raised the creation of a scene, which represents a state remaining
over one or more time slots. Finally, the sequence of all scenes over the obser-
vation period provides the spectrum for each space.

3.4 Model Parameter Estimator

With the frame-scene analysis, it is straightforward to construct the model for each
space. As illustrated in Fig. 7, the estimation process is responsible for deter-
mining the model parameters a;; = p;; as follows:
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Fig. 7 Markov model for a space. a Example of a MC with four states modelling a space, and
b example of a state sequence generated by the MC
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In (5), fi; is the frequency of being in state i and transit to state j. The transition
matrix P is computed just by counting each state frequency and dividing that by
the total amount of transitions (Ching and Ng 2005).

3.5 Model Validation

The validation process takes advantage of the stationarity of the ECM stochastic
model. This implies that its statistical characteristics do not change over time. That
is, the provided time series varies over time; however, its characteristics such as
mean and variance converge to constant values. The cumulative state distribution
over a finite horizon for a MC similar to the one in Fig. 7a is depicted in Fig. 8.
Since the model is stochastic, the generated sequences in Fig. 7b, also referred as
time series or paths, are different. However, with this model structure, the state
probability distribution converges to a stationary distribution also referred as
steady state distribution (Pollard 1984). The steady-state distribution is a charac-
teristic of the model and not of the generated sequence. Generally, there are two
ways of determining the steady-state distribution, either by simulation or by
analytically. The simulation method consists in generating a sequence with the
model over a sufficient large period. Next, the generated sequence is analysed, and
the state distribution is computed. The problem is to define how large should the
period be for the different models. The analytical method uses the time-homo-
geneous property of the MC as follows:

1

&l 3

s2
0.8 4 83

0.7 ]\
0.6
05
0.4 /8
0.3
0.2
0.1

State Distribution Probability

o e e i

0 1 1 1 I H i i i
0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Sequence length

Fig. 8 Simulation of a Markov chain with 4 states over different initial conditions
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where R represents the null space basis of X and the steady-state vector II is the
result of the normalisation of R.

The measurements are divided into two clusters, one for estimation and the
other for validation. This process consists of dividing the spectrum of each space
and using half of the observation period data for the model parameters estimation
and the other half for parameters optimising by finding one optimal path. That is,
which time series best describes the space? Since ECM is a stochastic model,
every time the ECM is simulated a different state sequence is produced, and
consequently, different occupancy patterns and energy consumptions are pre-
dicted. This property could be interesting for some applications, although it is not
suitable for prediction and decision support. To overcome this limitation, a method
to start the model sequence is applied.

One important aspect of computation is that, usually, for dealing with random
numbers, a pseudo-random number generator (PNGR) is used. This applies an
algorithm for generating a sequence of numbers that approximates the properties
of random numbers. A characteristic of this algorithm is that a PNGR can be
started from an arbitrary starting number called seed, and it will always produce
the same sequence as long as initialised with the same value. So to achieve a
random number generator, the key is to use different seed values. As a final
remark, this allows a stochastic model to behave like a deterministic process. Each
time the stochastic model is simulated with the same seed, and it will always
behave likewise. To account for this, the method of selecting a seed is important.

To select a seed for the ECM state sequence generation, two algorithms have
been developed: static and dynamic algorithm. The block structure of these
algorithms is depicted in Fig. 9. The first algorithm attributes a seed to each MC in
the ECM based on the model parameters
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Fig. 9 Block diagrams illustrating the seed discover algorithms. a Static algorithm, and
b dynamic algorithm
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n m

seed; = » > (10’ x p;j), YMCy € ECM (7)

i=1 j=1

This process is illustrated in Fig. 9a, and it is referred to as open loop seed
discovery. A property of (7) is that the seed becomes a property of the model, since
it is derived from its parameters. The upside of this method is the simple com-
putational calculation; however, it does not provide any feedback about the gen-
erated sequence. The sequence can be the worst-case prediction. In order to
account for the generated sequence, another algorithm was implemented — the
close-loop seed discover (Fig. 9b). In this method, the performance of the model is
evaluated by a residual analysis and the model prediction error. The following

residual is applied
1 n )
RMSE = , /- P — 8
TSRS ®)

1 (yi - xl)
RMSRE=-'"— 9)

y

In the above definitions, RMSE is the Root Mean Square Error and RMSPE is
the Root Mean Square Relative Error. There, x; is measured data, y; is ECM
prediction, y is the measured data mean value and n is the number of data points.

The objective is to select the best seed within an interval that minimises the
RMSE or RMSRE in order to select an optimal state sequence. To accomplish this,
it is necessary to introduce two new metrics. The state distribution error (SDE)
and the prediction error (PE). Considering that the two data sets (estimation and
validation) are two time series, the SDE is the quadratic error between both the
steady-state distributions

[

F#states

SDE = > (P(s) — P())’ (10)

k=1
The PE represents the quadratic error between the model and the building
PE = (Jrcm — y8)° (11)
The optimal state metric is calculated by minimising the previous metrics

seed; = argming 4, {RMSE, SDE, PE} (12)

seedy
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3.6 Occupancy Patterns Prediction

After the learning process is complete, the final step is simulate the ECM and
analyse the predicted states sequences for the building, accordingly to

#spaces [#states PaL 2
PEC = Z ( Z : 860 X APst> (13)

i=1 k=0

where Pgx represents the power used in state k of space i, APy represents the
time duration of the state k, and PEC is the predicted energy consumption of the
building.

3.7 Algorithms

After the methodology description, the modelling and estimation algorithms are
described in Algorithms 1 and 2, respectively.

Algorithm 1 (Modelling process).
Require: Collection of events
for space s =1 : total do

for day d =1 : analysis period do
Create frames and states
Create scenes
end for
Create spectrum
Create estimation and validation data
Build Markov model structure
Calculate state transitions probabilities
Calculate stationary state distribution
if static seed == true then
Calculate static seed
else {dynamic}
for iteration i = 1 : max do
Select model seed
Generate state sequence
Residual analysis
end for
end if
end for

Create ECM with all MC and associated seeds
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Algorithm?2 (Prediction process).
Require: ECM
for space s =1 : total do

Generate a state sequence for space s

Analyze state sequence

for day d = 1 : prediction period do

for state e = 1 :end of day do
Calculate state energy con-

sumption
end for
Calculate space s day d energy con-
sumption
end for
Add generated predictions to building predic-
tions
end for

Building predictions results

4 Simulation Results

The described methodologies and algorithms have been implemented for simu-
lation in a Java application developed by the authors and described in Virote and
Neves-Silva (2010), Virote (2010). Compared with approach described in Fig. 7,
the building has been replaced by a simulator based on multi-agent system
approach and a rule-based reasoning engine (Virote 2010). The objective is to use
this simulator as a data generator capable of reproducing the same occupancy
patterns as a real building. This is achieved by controlling the behaviour of the
occupants with the occupant behavioural model described in Sect. 1. The occu-
pants are implemented in each software agent in which the occupant behavioural
model is integrated.

The objective of the simulations is to predict the building energy consumption
and analyse the spaces occupancy patterns. Furthermore, the opportunity of
improving the energy consumption is discussed. Changing the occupant behav-
ioural model parameters within the building simulation is expected to have a direct
impact in the overall building energy consumption resulting in more or less wasted
energy. This must be reflected in the ECM predictions.

The purpose of the ECM is to capture the space occupancy patterns in order to
reproduce them. This result is verified in the simulation depicted in Fig. 10, which
was performed in building A composed by 10 spaces. The ECM predictions are
achieved by the calculation of the stationary state distribution as they are only
dependent on the model parameters. The outcome is that the model can reliably
capture and reproduce the space occupancy patterns.
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Fig. 10 Simulation results in building A with 10 spaces. Building data (right columns) and the
estimated ECM (left columns)

The case when the building size increases is analysed in Fig. 11. This simu-
lation is performed in building B with 50 spaces, again the result shows that the
performance of the ECM is not significantly affected. This is a consequence of the
ECM structure in which the number of Markov chains represents the size of the
building and they are not strictly dependent on each other. Moreover, Fig. 11 also
illustrates the ability of the ECM to capture and to reliably predict the building
occupancy patterns, even for a building with five times more spaces.
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Fig. 11 Simulation results in building B with 50 spaces. Building data (right columns) and the
estimated ECM (left columns)
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Fig. 12 Building A ECM simulations with random seeds and comparison with the building
energy consumption

The stochastic nature of the ECM is illustrated in Fig. 12. This figure represents
the ECM simulations obtained in building A. In the absence of a systematic
method of generating a sequence and, at the same time guaranteeing a lower
prediction error, the sequences are randomly generated. Each time the ECM is
simulated a new, and often different, sequence is produced. This sequence is the
combination of each Markov chain predicted sequence. As illustrated in Fig. 12,
some predictions poorly represent the building, for example, the prediction using
the static algorithm (line with triangles) is completely degraded.

In order to analyse and validate the effect of different occupant behavioural
models on the building energy consumption, Figs. 13, 14 and 15 illustrate the
results for simulations performed in building A. Figure 13 represents an energy
efficient scenario, in which no energy savings are predicted. This is the outcome of
a conservative behaviour, where the occupants are simulated to be concerned with
the energy consumption within the building. In contrast, we have an energy
inefficient scenario represented in Fig. 14. In this case, the occupants are simulated
to have a wasteful behaviour, with no respect for the energy use in the building. In
the between, we have a more common scenario (Fig. 15). This scenario is char-
acterised by a combination of the previously described behaviours. By comparing
these figures, the dynamic algorithm provides better predictions than with the
static algorithm. Moreover, although the daily energy consumption predictions
differ from the building, the ECM reliable predicts the building’s total energy
consumption.

A residual analysis between the previous simulations is illustrated in Fig. 16.
The simulations 1-17 are performed applying a random seed. The simulations 18
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Fig. 14 Simulation A.2 illustrating an energy inefficient behavioural scenario

and 19 are performed when applying the static and dynamic algorithm, respec-
tively. It is possible to verify that the dynamic algorithm does not guarantee the
best residual; however, it is always better than the static algorithm. Moreover, it
provides a predication error of less than 2 % for these simulations. These residuals
are the absolute value of the difference between the building energy consumption
and the ECM prediction in percentage relatively to the building.
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5 Conclusions

As building standards improve, so will the relative impact of occupants on
resource use increase. Thus, it seems inevitable that better models of occupation
presence and interaction are necessary. The set of models here discussed is a
contribution to predict the impact of occupants’ behaviour on a building in terms
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of energy consumption, utilisation and waste. The output of these models provides
valuable information for the simulation of a single building. Central to this set is
the stochastic model of occupant presence. The stochastic models of occupant
behaviour regarding the use of the lighting system imposes no loss of generality as
it can always be defined to other type of devices, represent the variety of occupant
behaviours and their randomness over time.

The obtained results demonstrate that it is important to consider the behaviour
analysis of occupants within the building, as different occupancy patterns result in
different patterns of energy consumption. Moreover, the obtained results are
aligned to hypothesis of applying stochastic models to represent either building
occupant behaviour or the space occupancy patterns.

The proposed ECM for predicting building energy consumption produces
reliable predictions. Additionally, it can accurately capture space utilisation and
predict different scenarios and support reliable decision making for investing in
potential areas for energy savings. An important aspect being refined in further
developments is the ECM simulation. The simulation results show better results
with the dynamic approach. However, this algorithm is based on a search method
and it does not guarantee the best prediction. Additionally, as the size of the
building increases, the dynamic algorithm becomes computationally complex.
Another important improvement is extending this ECM to account for multiple
devices in the building’s spaces.

Although the proposed methodology seeks to improve and support retrofitting
projects in existing buildings, the results can be extrapolated to support new
building, e.g., buildings in a design or project stage. That is, buildings with the
same activities, in the same geographic area and occupied by people that share the
same cultural background are expected to have similar energy usage patterns. In
this case, previous obtained retrofitting project results can be used at an early stage
to promote the installation of energy efficient technology and improving the energy
efficiency of new buildings.
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Uncertainty in Refurbishment Investment

Carol C. Menassa and Wilson Ortiz-Vega

Abstract Nearly zero-energy refurbishments provide many of the benefits of
nearly zero-energy buildings to the aging building stock and offer an opportunity to
make them more resource-efficient and environmentally friendly, with an increased
social and financial value. However, high initial costs and uncertainties about the
expected benefits characterize this type of investment and affect the building
stakeholders’ decision on whether to go ahead with such a project or not. Given the
special case of existing buildings and associated challenges to refurbish them to
nearly zero energy, this chapter identifies and classifies uncertainties that charac-
terize and make this type of investment a highly uncertain endeavor over the project
life cycle. It also provides recommendations about managing these uncertainties
during the project evaluation phase. Finally, a new approach to project evaluation
based on the option pricing theory is presented along with a case study example.

1 Introduction

The existing building sector is responsible for over 70 % of the world delivered
energy consumption (US EIA 2011). In addition, over 80 % of the energy con-
sumption in the life cycle of a building occurs during its operation (United Nations
Environment Program 2007). High energy-consuming countries, such as the United
States of America (USA), estimate that in the next 25 years, approximately three-
quarters of their built environment will be either new or refurbished (US EIA 2012).
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Refurbishing the existing building stock to become energy-efficient will result in a
reduction in the material throughput and improve the functional quality and the
durability of these buildings at one-half to one-third the cost of demolition and
reconstruction of a new building (Poel et al. 2007; Kohler 1999). One approach to
achieve energy efficiency while refurbishing buildings would be to adopt nearly
zero-energy refurbishments (NZER). In general, a nearly zero-energy building
(NZEB) is a high-energy-performance building that balances the energy consumed
by the building through onsite or offsite renewable sources (NIST 2011). If properly
implemented, NZER provide many of the benefits of NZEB to the aging building
stock and offer an opportunity to make them more resource efficient and environ-
mentally friendly, with an increased social and financial value (Gohardani and
Bjork 2012). However, high initial costs and uncertainties about the expected
benefits characterize the NZER investment and should be taken into account by the
building stakeholders when making a decision on whether to go ahead with such a
project or not.

A major challenge to the adoption of this type of buildings by the industry is the
availability of reasonable financing opportunities. In a recent analysis of 2011
proxy voting patterns, 35 % of mutual fund companies, with almost $12 trillion of
managed assets in the USA, indicated that they still do not see the business value
of energy efficiency. This significantly limits the amount of capital available to
unlock the full potential of NZER and other energy efficiency investments (Kropp
2012). In addition, the three largest US mutual fund companies (i.e., American
Funds, Fidelity, and Vanguard), which manage a total of $1.6 trillion in US
securities, did not vote in favor of a single resolution addressing climate change in
2011 (Kropp 2012). This indicates that investment in energy efficiency in general,
and NZER in particular, is perceived as too uncertain due to different technical
challenges like demonstrating the achievement of energy efficiency while
respecting budgets. Other conditions of uncertainties such as those related to the
increase in value of the building, increase in demand for green space, fluctuation
costs of energy, the perceived savings in the building operation and maintenance
costs, and tenant/occupant resistance to change impose additional limitations that
make building stakeholders reluctant to move forward with the NZER investments.

The above is exacerbated by lack of information and benchmarks about the
actual performance of NZER after the design and construction phases. Currently,
only 129 projects are registered in the US Department of Energy High Perfor-
mance Buildings Database (US DOE 2012), and only 280 buildings have claimed
net zero-energy balance in the past two decades worldwide (Musall et al. 2010).
Most of this knowledge is for new construction of NZEB, with very limited
information about NZER. All of the above increase the uncertainty surrounding
the expected costs and benefits from any investment in refurbishments and force
building stakeholders to postpone investment until more proven returns are
demonstrated (Mckinsey and Company 2008). This is further complicated by
the 2008-2009 global recession where investors became careful about their
investment portfolios, thus limiting the investment and debt capital necessary to
refurbish the buildings to achieve NZER.
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Given the special case of existing buildings and associated challenges to
refurbish them to NZER, this chapter identifies and classifies uncertainties that
characterize and make NZER a highly uncertain endeavor. It also provides rec-
ommendations about managing these uncertainties especially during the project
evaluation phase. It concludes by recommending a new approach to evaluate
projects under uncertainty using the option pricing theory. A case study example
illustrates the potential benefits of this approach.

2 Characteristics of Investments in NZEB Refurbishments

NZER are sustainable refurbishments that improve the existing building stock in
order to achieve energy balance through onsite or offsite renewable sources. In
general, refurbishments reset the building life, improve the energy performance, and
provide many economic, environmental, and social benefits. However, achieving
NZER requires high initial costs, compared to regular refurbishments that must be
justified by the expected additional benefits (Danfoss 2010). Given the uncertainties
that characterize the costs and benefits of NZER, decision to finance these projects
presents a great challenge to building stakeholders and financial institutions.

The additional costs of NZER result from different design requirements to
achieve a higher energy performance and provide the required energy balance
while having to deal with existing conditions. For example, the site location and
current layout of the building can limit the ability of the building to have the
required sun exposure to generate the required solar energy for the balance. In this
case, designers might need to select more expensive insulation material with
greater thermal resistance in order to reduce the energy required in heating and
cooling of the building, or procure renewable energy offsite at higher rates. Other
examples of typical costs in a NZER project are the use of energy-efficient heating,
ventilating, and air-conditioning (HVAC) system, changes required to the building
facade, improvements to the building interiors to achieve better occupant satis-
faction and comfort, installation of solar water-heating system, and the use of high
thermal resistant construction materials to improve thermal insulation. These
highly efficient systems are often more expensive than the less efficient versions
(Fuller 2008). Moreover, integrating all of these systems with existing building
systems might also raise the cost even more.

Thus, the building could achieve the energy balance requirement but not be
economically feasible. The implementation of these systems in existing buildings
without proven record of performance and guaranteed returns (i.e., higher rent and
energy savings) needs to be justified to all building stakeholders. The expected
high initial cost may prevent the investment, either because the stakeholder does
not have access to capital or has other high-priority investments (Fuller 2008).
Government tax incentives have been offered by a number of European Union
(EU) countries and the USA to help with the high upfront costs of constructing
new or refurbishing buildings to achieve energy efficiency and achieve reduction
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in emissions (Baden et al. 2006). This could be achieved and financed by using
market-based approaches to control pollution. One example of this was the Acid
Rain Program initiated in 1995 by the US Environmental Protection Agency in an
effort to reduce overall atmospheric levels of sulfur dioxide and nitrogen oxides,
which cause acid rain (EPA 2009). The program was an implementation of
emissions trading that targeted coal-burning power plants, allowing them to buy
and sell emission permits according to individual needs and costs. The program
allowed companies the flexibility to adapt and update their compliance strategy
based on their individual circumstances (EPA 2009). This program could be a
prototype for undertaking emerging environmental issues and financing NZER
where building stakeholders can offset some of the technology cost required to
achieve the net zero balance. This approach will monetize the pollution savings of
the refurbishment. However, such a system is not completely risk free especially if
emissions targets are not put in place as part of the policy. A similar emissions
trading program in Europe has faced some major problems that discouraged
investors from pursuing it further. In the 1 year, the number of permits topped the
amount of pollution, sending the price of carbon crashing to almost nothing
(Milner 2008). This resulted in banks pulling out of the carbon-offsetting market
after failures to reach agreement on emissions targets. The lack of activity and the
drop-off in investment demand made some investors pull out of large planned
clean-energy projects because of the expected fall in emissions credits after 2012.

A lack of regulatory certainty post 2012 affected the market’s view of what
carbon credits from clean-energy projects will be worth and subsequently con-
strained financing for projects (Webb 2010). European permits have lost 80 % of
their value since mid-2008 and 50 % in the last 12 months, due to claims that the
carbon market is becoming irrelevant in the EU’s efforts to cut emissions (Chen
and Reklev 2012). Volatility is just one of the many challenges the emissions
market has faced since its launch in 2005. Tax evasion, theft of permits, and
re-usage of credits have also damaged the reputation of the world’s biggest carbon
market (Chen and Reklev 2012).

Because of this, a local or regional approach might be the best option for NZER.
The location of the building greatly affects the performance of the NZER, and local
and regional officials can have a better knowledge of what challenges a building
stakeholder faces when they aim for NZER in their building portfolio. This is one of
the many ways the financing problem for NZER could be solved. The above dis-
cussion indicates that government incentives are subject to the capability of the
government to sponsor these tax credits. Furthermore, studies have shown that
compulsory performance upgrades in buildings might not be cost-effective unless
they are subsidized which in turn increases the burden on governments to finance
(Desogus et al. 2013). These incentives can help in the near term but a long-term
privately financed mechanism must also be found to provide access to financing
capital and be able to achieve the long-term goal of NZEB (Baden et al. 2006).

As is typically the case, building stakeholders are more interested in an
investment with benefits that exceed the initial costs over the facility life cycle and
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has an acceptable payback period. Uncertainty in the benefits of NZER occurs
because they are obtained over a long-term period and come from different
sources. Direct and monetary benefits such as the reduction in energy costs and the
increase in the value of the building are easy to quantify using energy simulation
models and other approaches; however, the inputs used to calculate these benefits
are highly uncertain and dependent on user input and experience (Turner Con-
struction 2010). The reduction in energy costs depends on two highly uncertain
inputs such as the fluctuating energy costs and forecasting building performance.
The future value of the building depends on uncertain inputs such as the real estate
market conditions and the residual value of the building equipment; as well as,
demand for space. In the case of indirect benefits, it is even harder to quantify
benefits such as the improvement in occupant productivity and health, which are
highly subjective measures.

These uncertain costs and benefits of NZER result in high ratio of risk exposure
to the return on investment. NZER projects frequently fall short in traditional
quantitative capital budgeting analysis like pay-back period, internal rate of return
(IRR), and net present value (NPV). They also do not meet the common criteria
typically used to factor in risk in the evaluation of a project. For example, spec-
ulators or hedge fund managers are willing to take on risky investments with
proven returns, but energy-efficient investments in individual buildings are not
large enough to attract speculators and are perceived as too risky for commercial
bankers (Detserclaes 2007). Bankers might rank NZER projects lower in their
agenda due to the long payback time that these projects tend to have in comparison
with other investments. Using payback period for analysis could reduce the
attractiveness of the investments due to the length of a building’s lifetime, and
therefore, payback period should not be used alone to determine the attractiveness
of NZER investments (BPIE 2010). However, lack of financier’s awareness and
training on energy efficiency issues could hinder the ability of building stake-
holders to obtain qualified advice and proper evaluation of their investment in
NZER. If a financier uses the associated risk exposure, the payback time, and the
rate of the return on investment to evaluate the project, then the final decision
could be biased to not finance NZER due to high uncertainties in costs and
benefits. The lack of standardization in the measurement and verification proce-
dure, the relatively small size of NZER projects, and the high risk associated with
these projects, contribute to higher transaction costs for the projects compared to
other traditional investments (BPIE 2010).

It is clear that the financing incentives are still modest because of the uncer-
tainty associated with the costs and benefits of NZER. Thus, there is a need to
classify and understand what the uncertainties are and their sources. In the next
section of the chapter, a life cycle perspective of the uncertainties associated with
NZER are discussed in detail.
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3 Life Cycle Uncertainties in NZEB Refurbishments

NZER buildings are exposed to uncertainties in costs and benefits throughout their
life cycle. Thus, a life cycle perspective is appropriate to identify and classify the
uncertainties that characterize NZER during the design, construction, operation, and
maintenance phases of the building. In addition, these uncertainties can be classified
into two categories according to their sources and the possible control that building
stakeholders have over them. Internal uncertainties are internal to the NZER project
and are within the control/decision of the building stakeholders. On the other hand,
external uncertainties are those beyond the control of the building stakeholders.
Whether internal or external uncertainties, building stakeholders are required to use
appropriate risk management approaches to manage these uncertainties in order to
ensure reliable evaluation results for investment decision-making.

3.1 Life Cycle Uncertainties: Design Phase

During the design phase of NZER, architects and engineers need to decide how
they are going to refurbish their building (e.g., what construction materials they
will use; how they are going to achieve the energy balance through onsite and
offsite use of renewables; and how to integrate with existing building systems).
These decisions need to be made using assumptions about occupant behavior,
fluctuating energy costs, economic benefits, and others. All of these assumptions
affect the success of a NZER project and impact the long-term benefits. Lack of
information about most of these things makes these assumptions a major cause of
uncertainty in NZER design. The internal and external uncertainties associated
with the design phase are listed in Table 1 below along with descriptions of each.
All the uncertainties listed in Table 1 should be evaluated by building stake-
holders during NZER evaluation phase and can be proven to significantly impact the
decision. For example, over 30 % of the energy consumption in high-performance
buildings is related to occupant behavior (Glover 2011). However, currently, there is
no proven approach to account for occupancy behavior during the design phase and
its impact on the predicted energy savings and building performance (Marszal et al.
2011). In a NZER, the occupant energy consumption cannot be ignored since it can
affect the required renewables to balance the demand, thus increasing the cost of the
refurbishment. If the design team in a NZER project is too optimistic about the
occupants’ behavior and their acceptance of new systems and technology
(e.g., occupancy sensors), the refurbished building might not achieve the expected
savings, and the required renewable energy balance might increase (Pless and
Torcellini 2009). In addition, the building-related energy usage is constantly
decreasing due to advances in technology; therefore, impact of occupants on total
building energy demand will become increasingly important (Sisson et al. 2007).
Another uncertainty that affects NZER during design is fluctuating energy
costs. High energy prices will make the refurbishment investment more attractive
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to building stakeholders due to the possibility of higher monetary savings during
the life of the building. On the other hand, low energy prices will reduce the
possible monetary benefits that a building stakeholder can obtain from a NZER
(Leckner and Zmeureanu 2011). Therefore, energy planning is increasingly
important to manage the uncertainty associated with fluctuating energy costs.
Designers can select between off-site and on-site options to achieve the energy
balance keeping in mind that each has its associated uncertainties and risks (Pless
and Torcellini 2009). For example, off-site sources are uncertain because the
purchasing price of green power could fluctuate significantly due to possible large
demand of green power in the future.

On-site sources are also uncertain because the building stakeholders need to
manage the uncertainties and costs associated with the operation and maintenance
of renewable energy systems. For example, the performance of wind turbines and
PV systems is very dependent on uncertain conditions such as weather and sun
exposure. Moreover, adopting these technologies of high upfront costs could
become difficult because the market for these technologies is constantly changing
from the technological and economic standpoints. Furthermore, reliance on this
type of equipment is affected by the availability of space for their installation.
Energy-renewable installations such as solar panels and wind turbines require large
open spaces for their installation and might not be the best source of renewable
energy for a NZER due to the limiting conditions the project location might impose
(Fong and Lee 2012; Marszal et al. 2012; Leckner and Zmeureanu 2011).

The location of the building will not only affect the availability of sustainable
options, but it will also have a considerable impact on the amount of energy
required for the operation of the building. A building may be designed to achieve
energy balance, but in reality, it may not achieve a net zero-energy balance every
year due to extreme weather conditions. The total energy use variation can be
relatively small, but the energy excess or shortage in relation to the net zero targets
could become significant when the design is performed using historical data
(Robert and Kummert 2012). Abnormal weather years that have above-average
heating and cooling loads, with below-average solar and wind resources could
greatly affect the performance of the NZER and whether it achieves the energy
balance for any particular year.

All of the above and the lack of information of the past performance of NZEB
make it difficult to design NZER projects and to obtain a clear estimate of the
future costs and benefits.

3.2 Life Cycle Uncertainties: Construction Phase

During the construction phase, a NZER project faces many challenges such as
uncertainty in scheduling, financing, budget management, and unknown preex-
isting conditions among others. All of these directly affect the cost of finalizing the
project within budget and on schedule during the construction phase. The internal
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Table 2 Construction-phase uncertainties

Construction Classification Characteristics
uncertainties
Scheduling uncertainty  Internal Activities during the construction process are subject

to considerable uncertainty due to preexisting
conditions (Cattano et al. 2012). For example,
resources may become unavailable or new
activities may have to be incorporated due to
changes in the refurbishment scope. In addition,
contractors might need to work around tenants who
are not fully evacuated; thus, all construction
activities need to be scheduled taking that into
account. All of these will affect the schedule and
time of completion of the project
Budget and financing Availability of continuous funding and the duration
decisions and availably of tax rebates and incentives to
support construction activities might change over
the duration of the project (Baden et al. 2006). In
addition, unforeseen conditions in the existing
building may force stakeholders to reduce the
scope of the project when the cost to refurbish
exceeds the allocated budget, and additional
financing cannot be secured (Menassa 2011)
Preexisting conditions External Unforeseen site conditions are among the largest
contributing factors of uncertainty during the
construction phase because it impacts both the
project schedule and allocated budget (Cattano
et al. 2012). Hidden preexisting conditions might
cause budget overrun and construction delays
Material functional The long-term reliability and performance of the
characteristics construction materials used for the refurbishment
have a high impact on the expected benefits of the
NZER (Kadam 2001)
Integration of new and The compatibility issues between new and existing
old building systems building systems might result in unforeseen
difficulties and force building stakeholders to
modify design with adverse impact on both cost
and schedule of the project as well as the expected
benefits (Cattano et al. 2012)

and external uncertainties associated with the construction phase of NZER are
listed in Table 2.

During project execution of the NZER, construction activities are subject to
considerable uncertainty that may lead to schedule disruptions. This uncertainty
may arise from a number of possible sources, such as integrating some of the new
systems to achieve NZER with existing building systems may take more or less
time than originally estimated, renewable energy systems may become unavailable
due to supply constraints, construction materials may arrive behind schedule, new
activities may have to be incorporated or activities may have to be dropped due to
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unforeseen site conditions, and finally unforeseen weather conditions may cause
severe delays (Herroelen and Leus 2005). A disrupted schedule will incur higher
costs due to missed due dates and deadlines as well as the need for frequent
rescheduling. More importantly, this might result in conflicts and disputes between
the building stakeholders (e.g., owner and contractor) when they cannot agree on
the extent and cost of the resulting changes. NZER have a higher possibility of
facing these challenges since the stakeholders might not have full knowledge of
the existing building to be refurbished due to misplaced and often non-existent
original building plans as well as several un-documented changes that might have
been incorporated in the building over its lifetime (Cattano et al. 2012).

Attempting to realistically consider the uncertainty in the construction schedule
poses several challenges. For example, there is a lack of accessible information
documenting the construction challenges during NZER. This is intensified by other
budget-related sources of uncertainty such as the availability of continuous
funding and the duration and availably of tax rebates and incentives (Baden et al.
2006). Uncertainty due to the existing conditions may reduce the scope of the
NZER endeavor when the cost of the refurbishment exceeds the allocated budget
(Cattano et al. 2012). Furthermore, other sources of uncertainty that affect the
construction phase are the refurbishment material functional characteristics and the
integration of new and old building systems. These will affect how well the
construction process goes according to the design and will determine the final
building performance. For example, if the installed thermal insulation selected
during design does not perform as required, the building might not achieve the
expected energy savings and affect the amount of renewable energy required to
achieve a balance. Furthermore, the integration of outdated mechanical equipment
with the new renewable systems could pose a greater challenge. All of the above
can increase the uncertainty surrounding the NZER, the actual final cost of
construction, and duration of the project. This poses big challenges especially
in existing buildings where operations cannot be delayed and tenants expect
minimum disruption to their everyday activities and businesses.

3.3 Life Cycle Uncertainties: Operation and Maintenance
Phase

The design and construction phases uncertainties discussed above will directly
contribute to additional uncertainties during the operation and maintenance phase
of a NZER. These include the following: uncertainty in perceived benefits of the
refurbishment, non-energy cost savings or benefits, future supply, and demand of
energy among others listed in Table 3. All of these uncertainties directly affect the
success of the NZER project especially the expected benefits from the initial high
level of investment incurred during the design and construction phases.

During the operation and maintenance phase of a NZER, stakeholders will start
to realize many of the expected benefits resulting from the initial investment
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Table 3 Operation and maintenance-phase uncertainties

Operations and maintenance Classification Characteristics

uncertainties

Actual benefits of the Internal

refurbishment

Non-energy cost savings or
benefits

Whole-building performance

Revenue from building

operation

Operation and maintenance
costs

Performance of renewable
energy systems

Real estate market External

fluctuations

The actual benefits in energy savings of the
refurbishment can be uncertain due occupancy
behavior, equipment performance, and changes
in weather conditions (Azar and Menassa
2012b; Masoso and Grobler 2010; and Pless
and Torcellini 2009)

There is uncertainty in the non-energy cost savings
or benefits due to the difficulty and subjectivity
in quantifying these benefits (e.g., improved
occupancy productivity and health) (Turner
Construction 2010)

There is uncertainty in optimizing and quantifying
energy efficiency, durability, and occupant
productivity; therefore, it is hard to determine
the future whole-building performance. This
will impact the returns from the building and
the resale value (Brown 2008 and Sisson et al.
2007)

The revenue from building operation can be
uncertain due to the difficulty to quantify
benefits of the NZER and the willingness of
tenants to pay the extra premium for NZER
(McCabe 2011)

Sources of uncertainty are the operation and
maintenance costs of the NZER due to the
limited available information to stakeholders of
how often and when maintenance will be
required as well as the timing of this
maintenance (US DOE 2012)

Renewable energy system’s performance depends
on the building location and available space.
For example, the performance of wind turbines
and solar panel systems is very dependent on
uncertain conditions such as weather and sun
exposure (Marszal et al. 2012 and Leckner and
Zmeureanu 2011)

Changes in regulation of real estate and the future
demand for sustainable buildings are sources of
uncertainty for NZER (Parker 2009)

(continued)
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Table 3 (continued)

Operations and maintenance Classification Characteristics
uncertainties

Electrical and thermal Considerable differences in electrical and thermal
demands of building demands are expected due to the uncertain
occupants occupant behavior (Masoso and Grobler 2010)

Public policy Sources of uncertainty are the availability of

governmental policy initiatives that promote
NZER and the future regulation of emissions
(Baden et al. 2006)

Future value of the building It is uncertain how the NZER refurbishments are
capitalized into the resale value of the building
(Brown 2008)

Future supply and demand of The future supply and demand of delivered energy

energy are highly uncertain because it depends on

many unknown factors such as the future world
population, cost of fossil fuel and renewable
energy, and energy supply technologies (US
EIA 2012)

during the design and construction phases. Many of these benefits were assumed
during the design phase, and now, the stakeholder can compare the predicted
benefits with the actual performance. However, these benefits will be perceived
differently by the occupants and by the building stakeholders. There is high
uncertainty in the non-energy cost savings and benefits due to the difficulty in
quantifying their return. Not only are the non-energy savings and benefits difficult
to quantify, but also the scale of their impact and success will depend upon whose
perspective is being considered. Occupants might not notice improvement in
building performance but will notice the improvement of the working environment
in the refurbished building. However, they might still be concerned about the
premium they are paying for these improvements and if it is balanced by the
perceived benefits of improved health and productivity. On the other hand, a
building owner might think the refurbishment was not successful because they did
not obtain the expected energy performance even though occupant satisfaction was
greatly increased. Quantifying the benefits of a NZER is another barrier. While
some benefits are easy to quantify (e.g., expected energy use), other benefits are
less tangible and more difficult to quantify, such as increased employee produc-
tivity, improved employee satisfaction, and the positive impact on the community
(Turner Construction 2010; Menassa 2011).

Furthermore, other uncertainties affecting the NZER operation and maintenance
are the future supply and demand of energy. The supply and demand of energy may
strongly affect the power quality at feeder level of an electricity distribution
network. As such, large-scale integration of NZER in particular and renewable
electricity generation in general will require well-developed solutions in the form of
energy storage, demand-side management, or both (Baetens et al. 2012). In addition
to this, the available power for the NZEB could be limited in the future due to
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energy supply constraints. Therefore, careful planning should be done during the
design phase so the building stakeholders do not face these challenges during the
operation phase. Another source of uncertainty during the operation and mainte-
nance phase is the revenue from building operation. Other sources of uncertainty
are the operation and maintenance costs of the NZER. There is limited information
about the actual performance of NZER, and therefore, a clear base of proven returns
and costs are not available to building stakeholders for benchmarking and com-
parison. Studies have shown that the uncertainty due to operational factors can
overshadow the impact of design features; thus, operating and maintaining the
building efficiently are a top priority for building stakeholders (Wang et al. 2012).

Changes in regulation of real estate and the future demand of sustainable
buildings are sources of uncertainty for NZER. Today, there is an increasing
demand for this type of buildings, which might not be the case in the future
especially as sustainable and green design and construction become the norm.
Thus, the additional premiums that building owners can claim for improved
building performance will be offset by increase in supply of green buildings
(McCabe 2011).

One final uncertainty and probably one of the most influential is how the NZER
are capitalized into the resale value of the building. Very limited information
exists on this topic thus it will be challenging to obtain an accurate estimate
(Brown 2008).

4 Risk Management Approaches

After identifying and classifying uncertainties, it is important for building stake-
holders to determine the most appropriate framework to manage these uncer-
tainties to properly evaluate NZER investments. Figure 1 presents a general risk
management process that can be used in NZER. After identifying and classifying
uncertainties, it is important for building stakeholders to determine the most
appropriate framework to manage these uncertainties to properly evaluate NZER
investments. Figure 1 presents a general risk management process that can be used
in NZER. The first step in the risk management process is to identify and classify
the NZER risks and uncertainties. As mentioned before, in this chapter, these
uncertainties and risks can be internal and external according to their sources and
the possible control that building stakeholders have over them. In the following
steps, the stakeholders need to evaluate the uncertainties and risks with an
appropriate framework to determine whether they will accept or manage the risks.
Afterward, if risk management is chosen, then the stakeholders should use an
appropriate management tool. An example of a framework to manage the risks and
uncertainties in NZER will be presented later in this chapter. Finally, these risks
should be monitored constantly during the life of the NZER. As with the case of
uncertainties, the risk management framework can also be divided over the project
life cycle.
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Evaluate Risks and

MNZER Risk Identify and Classify Initiate Risk

1o Uncertainties with " Use proper Risk
Management = Uncerta.mtuesand > an appropriate = Accept or Manage Risk Manage—#=  Management  — Management tools
Process Risks Process
framework
LMEED!—.‘ Review Risk 4—‘
Maonitor Risks

Fig. 1 NZER risk management process

4.1 Risk Management During Design Phase

Risk management is a constant process of decision-making that reduces to an
acceptable level the uncertainties associated with an investment (Condamin et al.
2006). Different risk management options are available to manage the challenges
during the design phase. For example, it is known that occupants are a source of
high uncertainty, and there is a great potential for reducing energy consumption by
motivating energy-efficient behavior. Studies have determined that occupant
behavior and operational aspects of energy use may be more effective than tech-
nological solutions (Gray and Zarnikau 2011). Therefore, costs of NZER could be
significantly reduced if the design engineer considers conservation as part of the
energy balance equation for NZER. This can be achieved by designing interven-
tion strategies that focus on appropriate involvement of the building occupants
(Fong and Lee 2012). An example would be developing a plan that enables
occupants to compare their electricity use to others (Peschiera et al. 2010).

Another approach to manage risk during design phase is using statistical models to
predict future energy prices and climate. This allows building stakeholders to reduce
the risk associated with the energy savings (Robert and Kummert 2012). Other tools
such as energy modeling software can be integrated with the statistical models to
obtain the most economical renewable equipment to achieve the energy balance. For
example, off-site generation energy prices that take into consideration market
volatility can be modeled so they are compared with on-site generation system costs.
Furthermore, designers can develop statistical models to predict climate conditions
to reduce the risk associated with renewable systems and building performance.

4.2 Risk Management During Construction Phase

During the construction phase of a NZER project, some risks can be easily
identified and controlled. For example, the building stakeholders might know that
they will be refurbishing a building that can have many unknown preexisting
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conditions, and therefore, the construction schedule should have some time
reserved to address these problems as they arise in the project (Herroelen and Leus
2005). In addition, the integration of new and old building systems might impact
the construction schedule and costs (Cattano et al. 2012). This is also highly
affected by the selection of construction materials. Using a specific thermal
insulation material that is not accessible to suppliers could pose a risk to costs or
project duration; a similar less-performing material that is more accessible should
be selected to prevent problems during the construction and reduce the associated
risks. That is why it is important that stakeholders develop a detailed plan to
manage the impact and implement solutions if such problem arises during
construction.

Another important consideration during the construction phase is that the
building to be refurbished is typically occupied. This is another situation where all
building stakeholders need to have a good plan to relocate the occupants while the
building is being refurbished. This plan should minimize the disruption in
the occupants’ daily operations and productivity. In large NZER building projects,
this can become complex and having a good occupant mobilization plan can
significantly reduce the costs and duration of the refurbishment.

4.3 Risk Management During Operation and Maintenance
Phase

Finally, there are several ways to manage the risks that stakeholders will face
during the operations and maintenance phase of NZER. For example, proper
maintenance programs will reduce the probability of major breakdowns and
improve the reliability of the systems’ performance. In addition, the maintenance
personnel should be properly trained to be able to service the building systems. As
more technology is implemented in buildings, complexity and risks of severe
problems due to errors and lack of training of maintenance personnel increase
(Danfoss 2010). Facility managers should have well-established plans to operate
and service the building systems to maintain an optimal performance.

To account for risks associated with the expected revenue from the building
operation, building stakeholders should develop models of real estate market
conditions to determine the best price that they could rent the available space. The
goal is to reduce the risks of vacancy while ensuring that tenants are willing to pay
the extra premium for NZER (LaSalle 2011). One last example is to promote the
participation of occupants in the building operation. Occupants might not know
how the building operates and could become too dependent on technology. This
could lead to careless behavior toward reducing their energy consumption because
they think that the building is well equipped to be energy efficient without any
effort on their part.
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This chapter provided the first step to manage the associated risks of NZER
given a life cycle perspective of these uncertainties. Identification of these risks
occurs by looking at the limited historical data of NZER. Not only is the nature of
the NZER risks important, but also proper consideration must be given to all the
associated uncertainties. The stakeholder should have at his disposal ample and
adequate resources to ensure that the refurbishment objectives are completed even
in the most difficult circumstances. Furthermore, uncertainties affect the evaluation
of NZER, and thus, we need to have a way to account for them. A method other
than the traditional NPV approach is required to accommodate the uncertainties in
the investment decision of NZER. Because of this, an approach to project eval-
uation based on the option pricing theory was proposed by Menassa (2011) to
account for these uncertainties in existing building investments. This approach is
summarized in the next section along with a case study example to illustrate its
applicability.

5 NZER Evaluation Under Uncertainty

Different approaches to project evaluation other than traditional quantitative
capital budgeting techniques like pay-back period, IRR, and NPV are required to
accommodate the uncertainties in the investment decision of NZER. Among these
methods, NPV is the only technique that ensures the stakeholder objectives of
maximizing return on investment (Copland and Tufano 2004; Trigeorgis 1996).
However, the NPV method alone has several limitations. For example, it requires a
discount rate, which cannot be easily determined and is often the decision-maker’s
choice to establish this rate (Rushing and Lippiatt 2009; Dell’lsola and Kirk 2003;
and Fuller and Petersen 1995). The discount rate has two components: the risk-free
component and the risk premium. The risk-free component is usually set by the
lender and can be easily determined. The risk premium, in this particular case, will
account for the uncertainties associated with NZER expected costs and returns.
The value of the risk premium affects the final discount rate used to perform the
NPV analysis (Ye and Tiong 2000; Dowd 1998). In addition, the NPV assumes
that all future cash flows for a given investment are known in advance (Copland
and Tufano 2004; Luehrman 1998). This is considered a limitation when
performing an investment evaluation for NZER when it is impossible to predict
accurately the future benefits and costs given the uncertainties discussed in the
previous section.

Thus, from an investor perspective, a highly risky and unacceptable investment
can be easily adjusted to look favorable with a positive NPV by just changing the
risk premium component of the discount rate. Similarly, an investment with a
negative NPV could also be simply adjusted to look less unfavorable by just
changing the risk premium component of the discount rate. Another way to adjust
the NPV results is to use the NPV-at-risk method where the primary variables
underlying a project’s NPV are simulated to obtain distribution and confidence
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intervals (Ye and Tiong 2000; Dowd 1998). However, there are several objections
to adjusting both the discount rate and the variables in the NPV method because
this amounts to double counting the risk (Myers 1976). Finally, the NPV technique
does not allow the decision-maker to account for the indirect and strategic values
of an investment that might create future growth opportunities to the existing
building stakeholders either through follow-up NZER on other buildings in their
portfolio, or acquiring new buildings and sustainably NZER them (Menassa 2011).
Therefore, an investment valuation method that overcomes the limitations of the
traditional NPV method will allow the decision-maker to effectively quantify
the economic value of any NZER and suggest optimal investment strategies when
the future is uncertain.

To achieve this objective, principles from modern option pricing theory in
finance can be used to augment the traditional NPV method and develop a
framework for single or multiphase investment evaluation of NZER (Menassa
2011). This framework allows building stakeholders to account for different
scenarios when they encounter a NZER and properly manage the associated
uncertainties. Optimal investment strategies can be developed with this framework
that allow the stakeholders to postpone investment until the uncertainty is
resolved. Table 4 shows the different examples of strategies for NZER investment
evaluation.

The recommended strategies can help existing building stakeholders in evalu-
ating investment in NZER and develop optimal investment strategies. In the
single-stage investment, the building stakeholders can decide to postpone
the investment until uncertainty is resolved. This will result in a higher NPV for
the investment even when initially the traditional NPV is positive. For a multistage
investment, the staging with the option to abandon provides a better opportunity as
opposed to the case where the whole project is dependent on the completion of all
stages. Thus, the framework provides a good alternative to the traditional NPV
approach when uncertainty is high, and the building stakeholders want to incor-
porate more strategic investment opportunities in their analysis. Applying this
approach, however, requires significant data collection and availability of histor-
ical information related to similar NZER. In the subsequent section, option pricing
in financial market is presented as a basis to develop an improved framework for
single or multiphase investments in NZER and illustrate the benefits of this
evaluation approach over the traditional NPV approach for NZER and other
similar projects characterized by high and varying uncertainty levels.

6 Framework to Evaluate Refurbishment Investments

The suggested strategies in the previous section can help existing building stake-
holders in evaluating investments in NZER. This section presents a new approach
to project evaluation based on the option pricing theory. This is illustrated in the
context of a case study example.
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6.1 Introduction to Option Pricing Theory

Options on traded assets like stocks give the holder the right (or option) to buy
(i.e., call options) or sell (i.e., put options) assets at a prefixed price referred to as
the exercise price (K) on or before a specified expiration date (Hull 2000; Black
and Scholes 1973). The investor has the flexibility to postpone buying or selling
the underlying asset (e.g., stock with value S) until information about future
market conditions become available. In this case, the investor benefits from an
increase in the upside potential of the investment whereby he/she commits to
buying/selling the stock only if positive payoffs are realized. On the other hand, the
downside losses are truncated at the cost of the option (i.e., no negative payoffs)
(Fichman et al. 2005; Trigeorgis 1993).

The cost of an option involves taking a position in a replicating portfolio where
the investor buys a certain number of shares in the underlying stock and borrows
against them the exercise price amount at the risk-free interest rate (Hull 2000;
Black and Scholes 1973). The basic assumption underlying this solution is that the
change in the stock price follows the geometric Brownian motion (GBM) dS/S =
(1y — 0)dt 4 o,dz (Wilmott et al. 2005; Hull 2000). The (u, — 0)d¢ component is
the deterministic value of the change in the stock price as a function of the
instantaneous growth rate in the price of the stock over time g, and the dividend ¢
which is a portion of a company’s earnings given to the shareholders (i.e., actual
owners of the stock but not the option holders) (Wilmott et al. 2005; McDonald
2005; Trigeorgis 1996). The ¢,dz component represents the stochastic change in
the value of the stock as a function of the standard deviation (i.e., volatility) gy, and
the increment in the standard Wiener process dz which is normally distributed with
a mean of 0 and a variance that increases linearly with the time interval dr.

A European option can be exercised on the expiration date only, while
American options can be exercised any time before expiration. Black and Scholes
(Black and Scholes 1973) and (Cox et al. 1979) pioneered the two most used
techniques to value European options, namely the analytical method and the
numerical binomial tree distribution, respectively. The latter method is a more
general approach that can also be used to solve American options (McDonald
2005). This method is illustrated in Fig. 2. Given a specific distribution of the
stock price, the binomial tree is constructed with each node of the tree (shown on
the left of Fig. 2) representing a possible future realization of the stock price at
each time interval. At each period, the stock price can either go up or down with
probabilities p and (1 — p), respectively. For example, S,,q shows that § goes up
in the first and the second time periods and then down in the third time period. The
most important aspect of this method is that the probabilities p and (1 — p) are not
the stock’s actual probabilities but risk-neural probabilities which remain constant
throughout the analysis period. The tree on the right-hand side of Fig. 2 shows
how the option value changes with the change in the underlying asset value (i.e.,
stock). The value of the European option (F) is obtained by solving this tree
backward starting at the last period and using the risk-free interest rate (r) to
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S Solve Fuwu= max [0,S.-K]

Backward

F,

Suud Fuwa = max[0,Su,4-K]

Fuaa = max [0,Suaa-K]

Change in S

F
with time “

Example:
Saa  F,, (Buropean ) = [ pFuu + (1-p) Fuugl/t

Fuu (American ) = max {Su,-K: [pFuu + (1-p)Fuwl/r}

Faga=max [0,Sy44-K]
Fig. 2 Binomial trees for solving European and American call options (Menassa 2011)

discount cash flows to present time. For an American option, this solution needs to
be repeated at each time period to determine whether it is optimal to exercise the
option earlier or wait until expiration. The option is exercised earlier (say at time
period 2) if the exercise payoff (S, — K) is greater than the option value F,. There
is an optimal stock price S* below which exercising an American option is not
optimal, and the value of waiting to exercise that option is higher (McDonald
2005; Dixit and Pindyck 1994).

Perpetual American options are a special case of an American option where the
option does not have an expiration date and lives infinitely (McDonald and Siegel
1986). Thus, the investor is continuously evaluating early exercise versus option
value at a given period in time and would only exercise when S is greater than S*.
Several analytical and numerical solutions are available to evaluate perpetual
American options. These solutions form the basis for the framework to evaluate
investments in sustainable refurbishment of existing buildings as discussed in the
subsequent sections.

6.2 Model Assumptions and Parameters

As discussed earlier, evaluating investments in NZER presents a number of
challenges to the decision-maker particularly related to the unexpected future
benefits of such an investment. In this framework, these benefits are therefore
assumed to represent the underlying asset of the investment which will be denoted
by V.

These benefits vary with time due to the uncertainties discussed above. For
capital or real projects (i.e., not traded in financial markets), a number of
researchers have consistently assumed that the change in the value of the under-
lying asset under uncertainty follows the same lognormal or GBM distribution as
that of financial market stocks (Menassa et al. 2009, 2010; Ho and Liu 2003;
Schwartz et al. 2000; Trigeorgis 1996; Dixit and Pindyck 1994; and Majd and
Pindyck 1987). Therefore, the change in value of the expected benefits V from
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NZER is assumed to follow the GBM process given in Eq. (1); (u, — J,) and g,
represent the deterministic and stochastic change in the value of the benefits from
the NZER project over time, respectively.

dv/V = (u, — 6,)dr + 0,dz (1)

where p, is the market equilibrium rate of return of the completed NZER project;
0, is the rate of return shortfall or opportunity cost of delaying the refurbishment;
and o, is the volatility of future benefits from the NZER project.

The main advantage of this assumption is that it allows the decision-maker the
flexibility to align the dynamics of V, a non-market traded security, with those of
securities traded in the capital market. This assumption simply means that there
exists a traded financial asset (e.g., a stock) that has the same risk characteristics
(i.e., 0,dz) as V. Thus, u, can be obtained similar to that of the traded financial
asset by using the capital asset pricing model (CAPM) (French 2003; Mossin
1966; Lintner 1965; Sharpe 1964), which states that that the expected return of an
asset equals the risk-free rate of return, r, plus a risk premium required by investors
due to the correlation of the asset with the market, and accounts for the systematic
non-diversifiable risk (Brealey et al. 2010).

Finally, 0, is obtained as the difference between pu, (i.e., rate of return on traded
financial asset) and p,r, the rate of return for the real non-financial traded asset. In
this case, the non-traded asset is V if the NZER program is implemented (Ho and
Liu 2003 and Dixit and Pindyck 1994). Since V is realized only if the NZER is
undertaken in the future, then o, represents the opportunity cost of delaying the
investment (Dixit and Pindyck 1994).

Given this assumption about V, the subsequent section will present a case study
example using a new approach to project evaluation based on the option pricing
theory.

6.3 Case Study

Suppose that an existing building requires $10 million in energy upgrades
investment. This includes installing new PV panels, installing high-performance
windows and replacing all light fixtures with more efficient LED lights. Pre-
liminary energy analysis for the building indicates that these changes will result in
an expected $1.65 million reduction in annual costs (A) of operating and main-
taining the building for the next 20 years. If the minimum attractive rate of return
(MARR) for the building owner is 15 %, then the NPV for this investment will be
($10.33-$10) $0.33 million. Therefore, the building owner should invest imme-
diately in NZER to reduce the costs of operation.

However, if the expected annual operation cost reduction slightly fluctuates to
$1.60 million or less due to changes in energy prices and inability to accurately
evaluate building performance when the new systems are installed, then the NPV
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becomes zero or less. Thus, a slight uncertainty about the annual cost savings will
change the decision from invest to do not invest even when there are other
strategic benefits for having a NZER. If the uncertainty is represented by o, [see
Eq. (1)], and we assume that r = 0.05 and 9, = 0.15 (i.e., corresponds to the
building owner’s MARR), then the investment decision can be analyzed for the
three scenarios in the next sections.

6.3.1 Single-Stage Investment: Option to Defer

In the single-stage NZER, the building stakeholders want to commit a fixed-
amount / to cover the costs of the sustainable refurbishment. An important aspect
of a single-stage investment in NZER for existing buildings is that once the money
is committed, the decision cannot be reversed regardless of how the building
performs in the future. This presents a challenge to the building stakeholders
especially when uncertainty about future benefits V is very high. Simply relying on
a positive NPV analysis might be misleading because of the irreversibility of the
investment which means that the selected NZER measures (e.g., new renewable
energy sources/high-performance mechanical systems) placed inside of the
building cannot be simply dismantled and moved to another building if the
required energy efficiency and building performance are not achieved. In this type
of investment, postponing the decision to invest in NZER effort is beneficial (i.e.,
can invest at anytime in the future) to allow for some of the uncertainty about
NZER benefits to unfold. For example, testing of a given technology at another
building might result in more accurate information about its effect on the building
refurbishment. Thus, the building stakeholders should evaluate the investment
with the time to wait to determine whether this alternative adds value to their
investment. This is analogous to the perpetual American option case where the
investor decides to wait and exercises the option only when market conditions are
favorable. Using this analogy, the exercise price K and stock price S correspond to
the total cost of investment / and expected benefits V of the NZER. However, as
discussed in the previous section, the option might be more valuable if left
unexercised until § > S* even when market conditions are favorable (e.g.,
S > K for a call option). In this case, the solution of a perpetual American option
proposed by McDonald and Siegel (1986) can be used to determine the value and
time of the investment in single-stage NZER projects as given in Eq. (2). This
value will be the modified NPV for single-refurbishment project, NPV,,,. When-
ever, NPV,, > NPV, the building stakeholders should wait.

NPV,,(V,I) = (V* = I)(V/V*)’when V < V* )

NPV, (V,I) = (V —I)when V > V*
. . i 2
where Y- = B/(f—1); p = (O.S - ';\f") + \/(r:% - 0.5) +2r/c2
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Fig. 3 Value of single-stage investment under uncertainty (Menassa 2011)

The ratio V#I is known as the critical ratio for investment to be undertaken
without waiting.

Equation (2) can then be used to determine whether it is optimal to invest at an
expected A = $1.65 million when there are different levels of uncertainty. Figure 3
shows the change in value of NPV, versus the expected benefits from the invest-
ment V, for different levels of g,. The results indicate that when the level of
uncertainty increases, the value of V* at which the option to NZER an existing
building increases. This in turn implies that investment should only be undertaken
in the future when A is greater than initially estimated $1.65 million even when
level of uncertainty is low at ¢, = 0.15 where the corresponding A = $1.7 million.
The solid line indicates the “exercise now” option if all uncertainty is resolved
about V. It is clear from Fig. 3, than when there is uncertainty, that simply making a
decision based on a positive NPV (represented by the “exercise now” line) will
ignore additional value of postponing this investment to resolve uncertainty.

6.3.2 Multistage Investment with Option to Abandon

In this option, each stage of the investment provides the decision-maker with more
information that can be used to decide whether to go ahead with the subsequent
stages of the investment or not (McDonald and Siegel 1985). In this case, I
(k =2, 3, ..., n) defines the amount of investment at each stage/time period, &,
during the NZER process. This provides the decision-makers with strong flexi-
bility to stop or abandon the investment at any stage when it becomes apparent that
the expected benefits V are not attainable. If the NPV approach is to be used, then
costs incurred at different stages of the investment are discounted to current time
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and compared to the benefits. This directly assumes that all stages of the NZER
will be implemented and does not provide the decision-maker with the flexibility
to determine whether to implement the next stage or abandon it. The valuation of
this flexibility is similar to that of an exchange option (Villani 2007; McDonald
and Siegel 1985; Margrabe 1978). An exchange option, a special case of American
option, involves the exchange of one asset, S; (risky asset), for another asset S,
(can also be risky).

In the case of NZER, at each stage of the investment evaluation, the cost of
implementing an additional refurbishment measure, [, is exchanged for the
expected benefits V. The decision to invest in the each stage, k — 1, is dependent on
the present value of exchange option, NPV, at the subsequent stage k. If
NPV,.x>I; _ ;. then investment in stage k — / should be undertaken. This will
allow for subsequent investments; otherwise, the project should be abandoned, and
no further NZER are necessary as their costs exceed the expected additional ben-
efits. This is repeated at each stage to determine whether the investment should be
undertaken until all stages are completed or the condition NPV <I;_ is reached.
Using Villani (2007), McDonald and Siegel (1985), and Margrabe (1978), NPV«
is calculated using Eq. (3) below by assuming that the investment [; can alterna-
tively be invested at the risk-free interest rate » between time periods k — [ and k:

NPV (V,Iy) = Ve 'N(d,) — Ie ""N(d,) (3)

where N(y) = Probability {¥ <y} — Y is a standard normal random variable;
dy = (ln(Ve_évr/[ke_”) + (r -0, + O.50§))/0V\/iandd2 =d, — O'V\/Z

t is the time period between k — [ and k.

This problem is analyzed for the two-stage investment scenario where the
$10 million total investment is divided into two stages. Investment in the first-
stage I; depends on the value of the investment in the subsequent stage NPV,,,.
Thus, using Eq. (3), the NZER was analyzed to determine the minimum cutoff
value of V at which investment should occur for a given initial investment /;. This
of course depends on the level of o,. Figure 4 shows the cutoff value V,,;, for
different initial or first-stage investments /; for three levels of uncertainty o,.
Investment I, will only be undertaken if V > V.

Two main observations can be made from these results. First, for the same level
of initial investment /;, the cutoff value of V decreases with increase in uncertainty
o,. This indicates that the higher the uncertainty associated with the investment,
the lower the expected value of benefits V at which the NZER should be aban-
doned. Second, the higher the initial stage investment /;, the higher is the cutoff
value V for the same level of uncertainty. This indicates that when the initial
investment is high, the expected benefits from subsequent investments should be
high because most of the uncertainty surrounding this value would have been
resolved during the initial stage of investment. That is a higher initial stage of the
investment indicates higher confidence by the decision-maker about the expected
value of their project.
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Fig. 4 Two-stage mov=0.1C 6yv=02M Ov=05
investment with option to
abandon V,;, to implement
stage 1 (Menassa 2011)
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6.3.3 Multistage Investment with Option to Stage

In this scenario, all stages of the investment need to be implemented before the
building can be operated and occupied again. However, because of budgeting,
financing, and technical constraints, the decision-maker wishes to stage the
investment over a period of time. This might be the case where the building
requires major refurbishment that forces all the existing tenants of the building to
move to an alternative accommodation during the refurbishment process. The total
investment expenditure is still /; however, the expenditures at any specific stage
cannot exceed a preset rate i. Thus, if the NZER is to be implemented in n stages,
then 7 < Y7}, ix and i <i. This type of the investment allows the decision-maker
to stage the investment and stop or abandon the investment at any given stage
(Majd and Pindyck 1987) and (Espinoza and Luccioni 2007). However, if the
project is abandoned after several stages of investing, then the building owners
will not be able to operate the building because not all the refurbishment measures
are in place. This is a major difference between this scenario and that presented in
the previous section. Majd and Pindyck (1987) developed the partial differential
equations along with the boundary conditions for this type of investments
assuming a perpetual American option with time to build. A discussion of the
numerical solution can be found in both (Dixit and Pindyck 1994) and (Majd and
Pindyck 1987). For the purpose of this problem, the approximate solution pro-
posed by Espinoza and Luccioni (2007) is adopted to determine the value of this
investment at each stage NPV,,. The assumptions underlying this approximate
solution are as follows:

1. I, is the present value of investment cost assuming that investment is contin-
uously made over a period of time T = I/i at a rate that does not exceed i. The
value of this investment cost at time k = 0 and k = m is given in Egs. (4) and
(5), respectively:
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Iy = 7ie‘“dl =(1—eM)i/r (4)
0

T
L, = [ie™"dr = (e™ —e™M)i/r (5)

2. Vy is the present value of expected benefits from the investment that is made
continuously over T until the whole NZER is completed. The expected value of
benefits from this investment at time k = 0 and k = m is given in Egs. (6) and
(7), respectively:

V() — (Ve;tvrT)efuvT — VefévT (6)

Vi = (VeﬂVf<T*'">)e*W<T*m> = Ve o) (7)

3. Thus, the value of this multistage investment in NZER of a given building at
time ¢ = 0 is given in Eq. (8) below:

NPV, (V,I) = (V* — Ip)(Vo/V*)when Vo < V* (8)

NPV, (V, 1) = (Vo — Ip) whenVy > V*

Vi r—3o, r—39, g
=t p=(05- ~0.5) +2r/a?
7 ﬁ—l’ﬁ (05 p )—i—\/( 72 OS) +2r/a2

It is important to note that Eq. (8) has a similar structure to that of Eq. (2)
because they are both solutions to a perpetual American option with time to build.
The only difference in this case is that the investment expenditure is spread over a
period of time T = I/i. The project value at each stage of the investment can be
assessed based on the remaining investment [ at that stage by simply replacing V,
and I in Eq. (8) by V,, and I, respectively.

Finally, the investment problem is analyzed for the case where the decision-
maker decides to spread the $10-million investment over a period of time T with a
maximum investment per time period i. The building will only be operational after
all of the planned refurbishment are completed over the period of time 7. Figure 5
shows the cutoff values of V* at each time period for the case where the investment
is divided into 7 = 2 years and T = 5 years, respectively.
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Fig. 5 Multistage investment without option to abandon (Menassa 2011)

These results indicate that V* decreases with the decrease in time period for the
same level of uncertainty, indicating that most of the project has been completed in
prior periods and uncertainty does not affect the value of the refurbishment project
toward the end of the investment period. On the other hand, V* increases with the
increase in uncertainty for a specific time period, indicating that investment
decision is more stringent with higher uncertainty at a given time period. Finally,
V* in the left-hand side of Fig. 5 is greater than V,,;, in Fig. 4 for ($5-$5) million
cases, indicating that staging the investment with the option to abandon provides
more flexibility in terms of the value of expected benefits because the building
stakeholders can abandon the NZER project and still benefit from the refurbish-
ments made in the previous stages. The option to stage alone requires a higher
expected value of benefits for the investment to be undertaken under uncertainty
because the stakeholders will not be able to use the building unless all refur-
bishments are completed.

7 Conclusion

As discussed in this chapter, high uncertainty characterizes the NZER investment
and creates financial barriers that affect the investment decisions of the building
stakeholders. These uncertainties are obstacles that remain in the way of con-
vincing large institutions to invest in energy efficiency financing projects such as
NZEB and NZER. In order to make financing companies and others see the
business value of NZEB or NZER, strategies to manage these uncertainties need to
be developed. After identifying the uncertainties associated with NZER, the next
logical step is to develop a financial model that will help building stakeholders
manage these uncertainties. By this way, the technical challenges that characterize
NZER will be addressed. Another important challenge to address is improving the
benchmarks about the actual performance of NZER and its systems after the
design phase. In this chapter, a framework to evaluate NZER investments is
developed to account for three main scenarios encountered in refurbishment
projects, including single-stage investment, multistage investment with option to
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abandon, and multistage investment with option to stage. The proposed method-
ology draws from financial option pricing method and uses the CAPM method to
estimate the parameters for the model. An important aspect of this framework is
that the building stakeholders do not have to estimate parameters beyond those that
are typically known to them, including the MARR and risk-free interest year. In
addition, the case study example illustrates the possible cases where this frame-
work could be applied and the benefits to decision-maker beyond the traditional
NPV approach that would typically be used to evaluate this type of investment.
The proposed framework can help existing building stakeholders in evaluating
investment in sustainable building refurbishments and developing optimal
investment strategies. In the single-stage investment, the building stakeholders can
decide to postpone the investment until uncertainty is resolved. This will result in a
higher NPV,, for the investment even when initially the traditional NPV is posi-
tive. For the multistage investment, the staging with the option to abandon pro-
vides a better opportunity as opposed to the case where the whole project is
contingent on the completion of all stages. Thus, the framework provides a good
alternative to the NPV approach when uncertainty is high, and the building
stakeholders want to incorporate more strategic investment opportunities in their
analysis. This additional knowledge would reduce uncertainty and make access to
the investment and debt capital necessary to refurbish the buildings more readily
available. If the uncertainties are satisfactorily managed and the benefits outweigh
the costs of a NZER building, stakeholders might be more interested in refur-
bishing their building portfolios. Given the special case NZER and its potential,
the industry and research community should work together to be able to unlock the
full potential of the NZER around the world.
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Energy Performance of Buildings:
A Comparison of Standard Assessment
Methods

R. Pernetti, L. Magnani and A. Magrini

Abstract Regarding energy performance assessment of existing building, the
European Standards EN ISO 13790 and EN 15316, adopted at national level in
Italy by Technical Standards UNI/TS 11300 (part 1 and 2), allow different
approaches and simplification levels for defining some representative input
parameters determining uncertainties in the results. Therefore, the reliability of
calculated energy performance could be affected. The analysis has been supported
applying a set of refurbishment actions on some representative cases of common
national residential building stock, comparing the energy performance obtained
with different calculation methods allowed by National Technical Standards and
laws. The results show how these differences can lead to uncertainties about the
class definition.

Nomenclature

As Internal floor area of the conditioned space [m?]

by Temperature correction factor [—]

EP,, Global energy performance index (EPy + EP,,) [kWh/(m2 year)]
EPy Energy performance index in the heating season [kWh/(m? year)]
EPpy eny Energy performance index in the heating season for building

envelope [kWh/(m” year)]
EPy 120100 Energy performance index target for the new construction from

2010

EP, Energy performance index for domestic hot water production [kWh/
(m* year)]

Oie Emission subsystem thermal losses [MJ]

Qu, en Total heat gains for the heating mode [MJ]

On. nt Total heat transfer for the heating mode [MJ]

O, nd Building energy need for continuous heating [MJ]
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Oint Sum of internal heat gains [MJ]

Osol Sum of solar heat gains over the given period [MJ]
Ou Total heat transfer by transmission [MJ]

Ove Total heat transfer by ventilation [MJ]

U Thermal transmittance [W/(m? K)]

Uy fioor Thermal transmittance of the ground floor [W/(m2 K)]
Uu_fioor Thermal transmittance of the upper floor [W/(m2 K)]
Uyan Thermal transmittance of wall [W/(m2 K)]

Uwindow Thermal transmittance of window [W/(rn2 K)]

Gint Heat gains from internal heat sources [W]

e Emission subsystem efficiency [—]

NH,gn Gain utilization factor [-]

Nys Heating system global efficiency [—].

1 Introduction: EPBD in Europe—State of the Art
and National Implementation (The Case of Italy)

Despite the prompt implementation commitment, the member states adopted the
Directive 2002/91/EC at various times; therefore, even if there was a common
frame, the development at national level is quite fragmented. In fact, the member
states decided their own strategy since a series of details, such as minimum
requirements for the energy regulation and schemes for calculation methods, were
not completely expounded in EPBD (Garcia Casals, 2006). For example, the
French transposition of EPBD provides for compulsory requirements for new
buildings which are the overall energy demand and, in case of renovation, mini-
mum performance for construction elements, according to the surface, while
Germany established some mandatory energetic upgrades for existing buildings to
reduce the energy demand. Furthermore, strict minimum requirements were
established in case of refurbishment, both on the building components and on the
energy class: the target is usually class C, the minimum requirement for major
renovation is class B in Austria and Greece, which in case of new buildings
defined a detailed series of design requirements (Featuring Country Reports 2010).
The common aim for the member states is to estimate the potential energy saving
and to find out suitable strategies for the refurbishment of national residential
building stock according to the construction typology (Balaras et al. 2007; Poel
et al. 2007).

In Italy, European Directive EPBD 2002/91/EC has been implemented with
delay, because Decree n. 192/2005 and n. 311/2006 did not indicate an assessment
procedure to evaluate the energy performance. Only on 2009, the Decree n. 59
indicated Technical Specification UNI/TS 11300 Part 1 and 2 as the reference for
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building energy labelling, in acknowledgement of the European Standard EN ISO
13790 for the envelope and EN 15316 for the heating system.

Furthermore, the Decree of the Economical Development Ministry 29th June
2009 “National Guidelines for buildings energy certification” reports the com-
mitments for energy labelling. National guidelines establish the energy label to be
determined according to the global performance index (EPgl) which, for the time,
takes into account the energy needs for heating and domestic hot water production.

In order to draw up an energy performance certificate, the asset rating provided
by UNI/TS 11300 has to be applied; therefore, actual data for the building and
standard-use data set have to be collected. In case of existing buildings, finding out
all the requested data could be complicated; therefore, Italian procedures allow
simplified kind of calculation based on parameters from tables or standard data
sets.

Some examples of asset rating application were reported in Ballarini and
Corrado 2009, which analysed the differences between calculated and measured
energy rating, to underline the effect of user behaviour and weather conditions;
furthermore, correlations among input and output data were found out to charac-
terize the energy behaviour of some typical construction of Italian residential
building stock.

Some other comparison among different methodologies for asset rating
applying Italian procedures were presented in Magrini et al. 2010: the results are
expounded in terms of global performance index of the analysed building.

Furthermore, different values of energy performance could be obtained
applying various simulation tools (Tronchin and Fabbri 2010) and according to the
accuracy of the data input: some parameters are more significant than others, and
they influence the results of the simulations.

2 Aim of the Work

In the past recent years, an extensive literature has been devoted to the subject of
energy performance of buildings with reference to energy labelling (Wang et al.
2012). Some papers investigated differences between standard and measured
energy rating calculation methods, to underline the effect of user behaviour and
weather conditions (Corrado and Mechri 2009) or problems related to the calcu-
lation of the utilization factor in national application of EN ISO 13790 (Fokaides
et al. 2011). Some approaches dealt with energy optimization in buildings, by the
application of multi-objective optimization techniques, or by incorporating
financial aspects (Jokisalo and Kurnitski 2007; Diakaki et al. 2008).

The European Standard EN ISO 13790 proposes calculation methods for the
design and the evaluation of thermal and energy performances of buildings, with
the possibility to apply detailed or simple dynamic hourly methods, but also quasi-
steady-state methods, on monthly or seasonal base. In particular, it also provides
procedures for the application at national or regional level for the energy
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performance certificate issue. In this case, dynamic or detailed calculation meth-
odologies would be too labour-intensive for the purpose of the energy certificate.

In fact, especially in case of old existing buildings, the accurate collection of
required input data could be difficult. To this aim, in order to simplify the evaluation,
the International Standard offers the possibility to decide at national or regional level
which kind of calculation methodology to adopt, including some simplifications and
the use of some reference catalogues with input values, suitable for local applications
and depending on the type of building and on the purpose of the assessment.

This possibility has been implemented in Italy in national guidelines which in
article 4 establish, according to some building features such as dimensions, use,
existing or new construction, the possibility of applying different methodologies to
determine the energy performance indices. For new buildings and for completely
refurbished ones, it is always required to apply assessment methods reported in
UNUI/TS 11300 (part 1 and part 2), which are the most detailed ones established by
Ttalian laws, but also in this case, the technical standard allows us to use different
ways of calculation, such as analytical or simplified ones, and to derive parameters
respectively from tables or on the basis of more accurate evaluations.

As the new directive prescribes the development of guidelines for optimizing
the relation between cost and energy performances, the choice of the calculation
method assumes a particular importance: a kind of intervention could be wrongly
considered more efficient than another one, if the parameters or the calculation are
not univocal.

Since the existing buildings refurbishment represents a real potential of energy
saving, the influence of the method on the energy performance evaluation of a
renovated building has been analysed by means of the calculations of a refur-
bishment action for two typical constructions which characterize the Italian resi-
dential building stock of the 60°-80°.

Then a series of interventions have been simulated and compared in order to
find, starting from a low-performance construction, how it is possible to approach
the definition target of nearly zero-energy building. The analyses represent an
example of an operating procedure for the evaluation of building energy perfor-
mance in case of renewal. Moreover, for the case studies, the effectiveness of a set
of energy conservation measurements has been evaluated; in order to obtain
general reference strategies for refurbishment, further investigation have to be
developed with different construction typologies and building features. At Euro-
pean level, for evaluating the cost optimal level of refurbishment actions, member
states have to define some reference buildings according to their use, typology and
construction feature (Corgnati et al. 2013).

On the other hand, by testing the refurbishment actions using different
assessment methods, it is possible to highlight some uncertainties in the definition
of the energy performance of the constructions and in the determination of the
energy class, which is the indicator chosen by the European Directive in order to
provide an objective parameter to evaluate the energy efficiency.

In particular, the aim of 2002/91/EC Directive, confirmed by the 2010/31/EU,
was to introduce energy certification to guarantee a future uniformity in the
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European building stock: the uniformity of results seems to be affected by
uncertainties since the standards (such as EN ISO 13790 and UNI/TS 11300) leave
many possibilities for the definition of input data and assessment methodologies.
This is a critical aspect if an asset calculation method is expected to give a general
indicator, useful to compare energy performance of different buildings.

3 Calculation Method (EN ISO 13790 and UNI/TS 11300)

The UNI EN ISO 13790 standard (Energy performance of buildings—Calculation
of energy use for spaces—heating and cooling) provides a series of calculation
methods for the design and evaluation of thermal and energy performances of
buildings and can be used for the following purposes:

. evaluating compliance with regulations and laws;

. comparing the energy performance of various design alternatives for a building;
. energy certification of buildings and

. assessing the effect of possible refurbishment measures on existing buildings.

AW N =

There are two basic types of methods:

e quasi-steady-state methods, calculating the heat balance over one month or the
whole season, taking into account dynamic effects by the simplified determi-
nation of a gain utilization factor;

e dynamic methods, calculating the heat balance over 1 h and taking into account
the heat stored and released from the mass of the building in a detailed way.

The mandatory method has to be defined at national level.

In Italy, the assessment method adopted by UNI/TS 11300 is a quasi-steady-
state balance on a monthly basis, and the length of the heating season is provided
by the Italian law according to the climatic zone. As prescribed by the European
standard, for each calculation step, the building energy need for space heating, Oy,
nd> 10 conditions of continuous heating, is calculated by

Onnd = Onne — hignOn gn (1)
where

® Oy nq is the building energy need for continuous heating, assumed to be greater
than or equal to 0 [MJ];

® Op 1 is the total heat transfer for the heating mode [MI];

® Oy on gives the total heat gains for the heating mode [MJ];

® 1n, on 1S the dimensionless gain utilization factor

and the total heat transfer, Qy ., is given by:

th = Qtr + Qve (2>
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where Q,; is the total heat transfer by transmission and Q.. is the total heat transfer
by ventilation.

As established by the UNI EN ISO 13790, for the monthly and seasonal
methods, the total heat transfer by transmission, Qy,, is calculated for each month
or season and for each zone and it depends on the overall heat transfer coefficient
by transmission and on the monthly mean external and internal temperatures,
defined at national level.

Moreover, for natural ventilation in residential buildings, Q.. is defined at
national level by UNI/TS 11300 part 1 and calculated using the ventilation rate
default value of 0.3 vol/h.

The total heat gain, Qy, oy, of the building zone for a given calculation step are
calculated using

an = Qint + Osol (3>

where Q;,, is the sum of internal heat gains and Q. is the sum of solar heat gains
over the given period.

The heat gains from internal heat sources are determined for residential
buildings (national indications) as

i = 5.294A; — 0.01557A% - - - [W] (4)

where Ay [mz] is the internal floor area of the conditioned space.

The energy performance calculation presented in the chapter is carried out by a
simulation tool which implements the UNI/TS 11300.

Once determined the building energy need for space heating, Qg pg, it is
necessary to calculate thermal losses and electrical consumption of each heating
subsystem:

Emission subsystem;
Control subsystem;
Distribution subsystem;
Storage subsystem and
Generation subsystem.

It is possible to determine thermal losses for each subsystem by virtue of
simplified or detailed procedures. Simplified methods provide for obtaining effi-
ciencies from conventional values depending on subsystem typology, while
detailed procedures allow us to calculate distribution losses through the length and
the thermal transmittance of each pipe and also generation losses using values
declared by the manufacturer or measured.

For example, emission subsystem thermal losses Q;, is

where 1), is the corresponding efficiency.
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In a similar ways, it is possible to calculate also the thermal losses for each other
subsystem; by adding thermal losses and electrical energy demand of the heating
system to the building energy need, the primary energy need of the building is founded.

4 Case Studies

Two examples of typical low-performance constructions widely spread in Italian
cities were analysed.

Nevertheless, the case studies are not exhaustive of the overall national building
stock; in fact, as it has been highlighted by TABULA Project,(Corrado et al. 2010)
which gave an overview of existing typology in 24 European countries, the dif-
ferences among the climatic zone in Italy caused the diffusion of various building
typologies both for the features of the envelope and for shape. Furthermore, even
the U-values spread in the territory, without an exact correlation between building
age and insulation level. The main features that characterize the national building
stock are the large percentage of historical buildings, (61 % of construction built
before 1970), and the low renovation rate, so that the potential energy savings
achieved by efficient refurbishment measures could be very high.

4.1 Case Study A

Case study A represents an existing single house, located in a suburban area of the
city. The building has a regular rectangular plan (Fig. 1), and it has a single
inhabited floor, characterized by a non-heated underroof above it. The load bearing
structure is made of brick masonry, 35 cm thick, and the envelope is built with
bricks without insulation.

The windows have a double glazing with air (Uyingow = 2.947 W/(m2 K)),
while the ground and the superior floor, characterized by a 30 cm thickness, are not
insulated (Upoor = 1.500 W/(m? K)); hence, the energy demand is very high: the
building is characterized by the energy class G.

The heating plant is composed of an old traditional boiler with radiators and
low-insulation distribution pipes, while the control of water temperature depends
on the external climatic conditions; the consequence is that the global efficiency of
the heating system is very low.

4.2 Case Study B

Case study B is a dwelling located on the third floor of a block, border on a stair
case with an external wall (Fig. 2) and with heated apartments on the other walls
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Fig. 1 Case study A—plan

and floors. The structure is made of concrete, and the envelope is built with hollow
brick walls, 36 cm thick. The wall border on the staircase is made of concrete with
plaster on the external sides. Even in this case, there is no attention on the energy
performance of the building: the windows have single glass with wood frame, and
the envelope is not insulated (Usyingow = 5.750 W/(m2 K)).

The main features of the buildings are reported in Table 1.

5 Boundary Condition: Climate and Heating Season

Considering the different climate conditions and basing on the degree days, Italy
has been divided into six climatic zones; the most significant one for heat con-
sumption, both because of the number of constructions in the territory and because
of the severity of climate, is zone E. Therefore, the main part of the work is
focused on the analysis of the results related to these climatic conditions.

In fact, the buildings are located in Milan, characterized by a heating season
lasting from October 15 to April 15 and 2,404 degree days.

Furthermore, in order to evaluate the influence of the climate on the percentage
gap in the results, other locations representative of the overall climatic zone in
Italy were chosen (Table 2); in particular, some calculations related to the com-
bination of the intervention are expounded.
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Table 1 Geometrical features of the dwellings

Stair case
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Case study B

Envelope Case study A
Internal floor area [mz] 134.22
Overall conditioned volume [m?] 540.00
External wall surface [m?] 160.47
Windows total surface [m?] 17.64
Overall surface of the envelope [m?] 480.00
Envelope surface/conditioned volume ratio [m™1 0.890
Heating system

Thermal power [kW] 26

Global efficiency [%] 80

53.39
242.61
89.22
13.56
102.78
0.424

150 (40 dwellings)

81

Table 2 Selected location

Locality Climatic zone Degree days [°C day] Design temperature [°C]
Lampedusa A 568 4
Palermo B 751 5
Napoli C 1,034 2
Roma D 1,415 0
Milan E 2,404 -5
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6 Possible Intervention Analysis

A set of refurbishment actions has been evaluated on each case study, as shown in
Fig. 3 for case A and Fig. 4 for case B, which report the flow chart of the inter-
vention. Each intervention has been labelled by a code so that A0 and BO indicate,
respectively, the energy performance models of the existing buildings, while Al,
B1, A2, B2, etc. represent the series of subsequent interventions. Moreover, the
different calculation methods adopted are marked with small letter: for example,
B1.a represents the first calculation test “a” for case study B (apartment) after the
action “1”.

7 Main Result and Discussion
7.1 Determination of the Thermal Transmittance

The thermal transmittance, which characterizes the building envelope, represents a
significant parameter in the calculation of the building energy performance, mostly
during the heating season. Defining thermal transmittance can be more or less
accurate depending on the knowledge of wall’s composition and on the reliability
of material thermal properties.

EN ISO 13790 establishes the thermal transmittance of each envelope element
to be determined in accordance with EN ISO 6946, but, in case of existing
buildings, a simplified method or default values, depending on the characteristics
of the considered structures, may be defined at national level.

In fact, UNI/TS 11300 Part 1 assumes that the evaluation of the thermal
transmittance can be performed in three different ways:

e by deriving thermo-physical properties of materials from product certificates, if
available, or

e assuming thermo-physical properties of materials from UNI 10351, UNI 10355
and EN ISO 6946 or from Appendix B of UNI/TS 11300 Part 1,

e by determining the thermal transmittance according to the building typology and
to the year of construction from Appendix A of UNI/TS 11300 Part 1, in default
of trustworthy design information about material and wall compositions.

This last method is the most approximate one for the thermal transmittance
estimation, because it does not take into account thickness and thermal conduc-
tivity of each layer which composes the wall, but rather it provides a thermal
transmittance value depending only on the kind of the wall and on its total
thickness.
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A7.d: AS.c+

It is clear that depending on the calculation method adopted, the technician can
obtain different thermal transmittance values and consequently different values of
the energy performance of the building.

For example, in the application of UNI/TS 11300 Part 1 to the apartment (case
study B), it is possible to obtain two different values for the thermal transmittance

U of the external wall:
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e U =0.90 W/(m” K) knowing or estimating the thickness of each layer and
deriving the corresponding thermal conductivities from Appendix B (case B0.a);

e U = 1.1 W/(m? K) by Appendix A by choosing 35-cm hollow brick wall (case
BO.b).

For case A, the values of the wall thermal transmittance are similar for each
calculation method:

e U = 1.53 W/(m” K) applying Appendix B, (case A0.a);
e U = 1.56 W/(m* K) by Appendix A by choosing 35-cm brick wall, (case A0.b).
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Therefore, the gap between the energy need for the base case A related to the
method applied for thermal transmittance is negligible. In the following analyses,
case AQ.a is used as a reference for intervention simulations, while case AQ.b is
omitted.

The performance indicators for case A.Oa are as follows:

o EPpy ony = 282.08 kWh/(m? year);
o EPy = 474.40 kWh/(m2 year);
o EP, = 498.40 kWh/(m” year).

In case B0.a, which represents the existing building, keeping constant all the
calculation parameters, with a thermal transmittance value U = 0.90 W/(m2 K),
the corresponding value of the energy performance indicator in the heating season
of the envelope, EPy. eny, is 108.10 kWh/(m? year), instead of 121.32 kWh/(m?
year), for case BO.b with U = 1.1 W/(m2 K)), with a gap of 10.9 % as shown in
Fig. 5. In particular, the same trend can be noted in the energy performance
indicator for the heating season EPj and for the global performance index (which
is the sum of EPpy and the performance indicator EP,, for domestic hot water
production). In fact, the simplified calculation of the thermal transmittance gen-
erally introduces an overestimation of the heat transmission through the opaque
element. Finally, it should be noted that, for the hollow bricks, it is possible to use
the thermal conductivity value of 0.3 W/(m K) derived from Appendix B or from
UNI 10351 (corresponding to a thermal resistance of 0.4 (m* K)/W) or, alterna-
tively, the thermal resistance value of 0.31 (m* K)/W drawn directly from UNI
10355. Therefore, choosing one value or another one can bring further differences
in thermal transmittance and energy performance values.

7.2 Thermal Bridges: Simplified and Analytical Calculation

The first kind of refurbishment action is the thermal insulation of external enve-
lope: in this section, the energy performance for both case studies is investigated.
For the detached house, the effects of external thermal insulation have been
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evaluated, while for the apartment, the performance was tested both with external
insulation and filling the air gap with loose thermal insulating material.

EN ISO 13790 establishes that the evaluation of thermal bridges should be
performed by virtue of EN ISO 14683 and EN 10211. However, in case of old
existing buildings, if detailed information about thermal bridges is not available,
EN ISO 13790 allows us to evaluate their influence in a simplified way, as a
percentage increase in the wall thermal transmittance.

In case of opaque envelope renovation, the Italian laws and UNI/TS 11300
allow the determination of thermal bridge influence with both analytical and
simplified methods. In the first case, the analytical calculation of thermal bridges
requires the determination of the length and the linear thermal transmittance for
each two-dimensional joint, derived, for example, applying ISO 14683 (analytical
method). In the second case, the incidence of thermal bridges is evaluated in a
simplified way, by increasing the thermal transmittance of the wall by a percentage
adjustment coefficient, which depends on wall typology, according to a catalogue
which is enclosed in UNI/TS 11300 Part 1 (simplified method).

The first-tested intervention is the thermal insulation with 10-cm EPS of the
opaque elements in case A, which allowed to obtain a thermal transmittance value
Uygan = 0.308 W/(m? K) for the walls, Uy goor = 0.310 W/(m? K) for the upper
floor and U, _goor = 0.293 W/(m? K) for the ground floor. Considering constant all
the other parameters, including the values of thermal transmittance, two cases
were simulated using both the simplified (case Al.a) and analytical (case Al.b)
methods for taking into account the thermal bridge influence.

Case Al.a is characterized by the use of the simplified calculation method for
thermal bridges, by choosing the adjustment coefficient corresponding to external
insulation with overhangs and balconies or not reducing thermal bridges which
accounts for +15 %.

On the contrary, in case Al.b, characterized by the same insulation level, the
analytical method was used, applying EN ISO 14683 and considering three
structural linkages located between walls and floors and on wall corners, as shown
in Fig. 6a, b, c.

The significant differences between the results obtained using the two different
procedures are shown in Table 3: the energy performance gap in the heating
season accounts for even 18.9 %.
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Fig. 6 Structural linkages—Al.b
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Table 3 Opaque element insulation for case A—thermal bridge influence calculation

Case Refurbishment action Calculation EPy cny EPy EP,, Energy class
Study method
Al.a External insulation of the walls Simplified 74.83 139.76 163.83 E

Alb and the floors above the Analytical  95.33 17240 196.44 E
heated zone

Percentage gap (%) 21.5 18.9 16.6
Bl.a BO0.b + air-gap insulation Simplified 75.61 147.04 17391 G
Bl.b Analytical  97.29 185.62 21248 G
Percentage gap (%) 22.2 20.8 18.1
Bl.c BO0.b + external insulation Simplified 70.18 137.59 164.46 F
Bl.d Analytical  79.70 153.81 180.67 G
Percentage gap (%) 11.9 10.5 8.9

In this example, the use of one method or the other does not bring to different
energy classes, but the percentage difference is so wide that in some other cases
could imply different energy label, depending on the considered procedure.

In conclusion, using the simplified method for accounting thermal bridges, it is
possible to obtain an underestimation of their influence, which can be more sig-
nificant as much as the building is insulated, and it could bring to obtain a more
efficient energy class than the real one. Moreover, the analytical calculations allow
both for the design and the realization process, to verify all the possible solutions
for structural linkages and to provide a more accurate energy model of buildings.

Regarding case study B, two different kinds of insulation were tested:

e Gap insulation, filling the cavity wall (8 cm thick) to obtain a thermal trans-
mittance Uy, = 0.356 W/(m? K), whose analyses are case Bl.a and Bl.b,

e External insulation with 10 cm of EPS (Uy. = 0.279 W/(m2 K)), whose
analyses are case Bl.c and B1.d.

Energy performance for cases Bl.a and Bl.c have been assessed using sim-
plified method for thermal bridges, choosing the correction coefficient, corre-
sponding, respectively, to hollow brick wall with gap insulation without reduction
of thermal bridges (b, = 10 %) and to external insulation with overhangs and
balconies or not reduced thermal bridges (b, = 20 %). In case B1.b and B1.d,
the analytical method has been used in determining the linear thermal transmit-
tance from ISO 14683 and considering the structural linkages shown in Fig. 7a—f.

Table 3 shows the influence of thermal bridges, calculated with simplified and
analytical methods in both cases: it is apparent that the external insulation guar-
antees a higher energy saving, because the air gap is only 8 cm thick and does not
allow to reach the thermal transmittance Uy, = 0.279 W/(m2 K), which is only
possible by applying a 10-cm EPS external layer. In fact, considering performance
indices for Bl.a and B1.b, the air-gap insulation does not allow to improve the
energy class of the existing building, even if the value of EPy ., is reduced,
respectively, to 19.8 and 34.31 % in c