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ABSTRACT

The European Union has made a strong effort in the last years to reduce the energy consumed in the
housing sector, by implementing Energy Directive and planning to reach Nearly Zero Energy level
for all buildings by the end of 2020. At present we are far away from this ambitious goal.
Considering that most part of dwellings in the EU have been constructed before 1990 it is required
first of all to reduce significantly the energy consumption of these existing buildings.

The Energy Certification is a powerful mean to assess the energy performance of buildings and to
suggest saving measures; this is what has been made for an existing library in the University of
Debrecen in Hungary. To help the reader to understand the context, the European guidelines for
buildings are introduced, with an overview of Hungary energy situation for housing, and the
technical regulations for Hungary and Italy are presented to be able to carry out the calculations.

The building is analyzed with the Hungarian Regulation, by assessing an energy performance
rating, and then it is certified again with the Italian specifications.

This contrast shows how many similarities and at the same time differences occur in an energy
certificate made for the same building following two different procedures, both based on European
Directive, and can help to find incomplete points in the certification.

At the end of this work a list of recommendations have been found by the designer, and they have
been analyzed basing on feasibility and cost effectiveness.

L’Unione Europea si sta impegnando da anni per ridurre il consumo energetico nel settore edilizio;
le Direttive emanate per le prestazioni energetiche degli edifici ne sono un esempio, cosi come
I’obiettivo di costruire edifici “Nearly Zero Energy” fissato per la fine del 2020.

Sebbene tale ambizioso traguardo sia ancora distante, & possibile ridurre in maniera rilevante il
consumo degli edifici esistenti, che rappresentano la percentuale piu elevata del settore edilizio.

La Certificazione Energetica € lo strumento adatto a questo scopo, permettendo una valutazione
delle prestazioni e dell’efficienza degli edifici e suggerendo soluzioni tecniche che permettano ai
cittadini di risparmiare e allo stesso tempo consumare meno energia riducendo 1’impatto
ambientale. Per comprendere meglio tale analisi sono state dapprima introdotte le linee guida
europee in campo energetico, e di seguito la situazione energetica in Ungheria correlata dalle
normative tecniche ivi vigenti, con un accenno anche alla situazione tecnico-legislativa italiana.



A questo proposito ¢ stata svolta 1’analisi energetica di una libreria universitaria situata a Debrecen,
in Ungheria; I’edificio é stato certificato con la normativa ungherese e successivamente con quella
italiana. Da tale duplice analisi é possibile ricavare analogie e differenze che evidenziano possibili
incompletezze e punti deboli nella certificazione.

Al termine di tale lavoro saranno fornite una lista di raccomandazioni individuate dal progettista per
migliorare 1’efficienza di esercizio dell’edificio, sostenute da uno studio di fattibilita e sostenibilita
economica in rapporto costi-benefici.
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INTRODUCTION

“We must identify breakthrough points, future industries, which
will enable us to vitalize the entire economy. We must identify
the means to connect these breakthrough points and thereby
weave a fabric of such points, which will serve as the driving force
behind the most important economic playing fields: a health care
industry based on local opportunities and highly labour-intensive
enterprises, tourism, green economy, renewable energy, water based
economic development, the automotive industry,
the knowledge industry, transit economy, the food industry,
business services, R&D. ”

Excerpt from the Programme of National Cooperation, May 2010

With these words the National Assembly of Hungary acknowledged the will of people for a
change of the political, economic and social system in every area of life.

Is it really possible to find * breakthrough points...behind the most important economic playing
fields” ? The answer to this question, hopefully many of them, will influence in a tremendous
way the future of many countries that are trying to step in the world’s economy without being
only silent watcher of the show, and Hungary is one of them.

As the days of an economy based on cheap energy sources are coming to an end, the primary
issues for the world economy will be energy, its access and the quality of natural resources as
water, soil and wind.

A field of interest, where renewable energies can be successfully implemented by achieving
relevant savings and improving energy efficiency, is the housing market.

Only in Europe buildings affect by over 40 % the total yearly consumption of energy; this
situation cannot be sustained anymore. It is time for a change, and many efforts have already
been made by EU towards this ambitious goal. As building engineer we have to be prepared to
give cost effective solutions that can really improve energy efficiency, with a new way of
thinking that has to spread all over, from the designer to the manufacturer and the public
audience.



The European Union elaborated a Directive (EPBD) especially focused on the energy
performance of buildings: as seen so far this is a sector where big savings can be achieved, with
positive result for the economy.

A powerful mean to assess the quality of a building is the Energy Performance Certificate: this
official document, that we will extensively discuss later, has to become a standard used to
compare similar buildings and to find ways to improve their efficiency. We are about to analyze
an existing buildings and to see how we can evaluate its performance and its “quality” in the
energy usage. At the end of our report we will be able to give recommendations to save energy,
which means money for the owners, with technical solutions that are sustainable and cost
effective. This is very important if we refer to the public market where private citizens want
immediate results with rapid return times of their investment, especially in a tumultuous and
uncertain period for world economy as the one we are living in.

During the compilation of our certificate we will see how many different competence are
required to properly estimate the energy performance of a building.

This reflects what happens nowadays, when the design of an energy efficient building has to
involve civil and electrical engineer , HVAC systems designer and mechanical engineer working
as a team together, with many difficulties and challenges that, once are straighten out, can lead
to great results.

Since every European Member State developed its own Regulation to accomplish the European
energy strategy, our work will compare the certification made following the Hungarian
specifications and the same according to the Italian one. The result will be compared to find the
common points and the differences with particular attention to the validity of the certificate as
standard document to evaluate and group together buildings having the same energy
consumptions.

This work can be helped by commercial software, that are currently provided by a lot of
companies of the building sector; we will use on them during our analysis with the Italian
regulations.
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FIRST CHAPTER

Presentation of EPBD and Hungary energy report

The European Union considers as main goals in his future reducing energy consumption and
eliminating wastage, and these goals are embedded in Europe 2020 — the EU’s strategy for a smart,
sustainable and inclusive growth. Therefore, EU support for improving energy efficiency will prove
in a decisive way for competitiveness, security of supply and most of all for meeting the
commitments on climate change made under the Kyoto Protocol.

We have to keep in mind that there is a significant potential for reducing consumption, especially
for buildings; this is why the EU has introduced legislation to ensure that they consume less energy.
We will report the main goals and key points of EPBD with a report for Hungary energy situation
so that the reader is aware of the general context in which our energy certification has been made.

1.1 Brief introduction to EPBD

A key part of this legislation is the Energy Performance of Buildings Directive, hereafter referred as
EPBD, which requires all EU Member States (MS) to tighten their building energy regulations,
introducing energy certification schemes for buildings, and to carry out inspections of boilers and
air conditioner systems (A/C).

It is clear that the introduction of national laws that meet these requirements is challenging for many
EU Member States, as the legislation has always many advanced aspects, and at the same time it’s a
great opportunity to further energy efficiency in EU buildings.

To support MS in this task, in 2005 the Concerted Action (CA) EPBD was launched by the
European Commission to promote dialogue and exchange of best practice between the Member
States.

CA became immediately an intensely active forum of national authorities from 29 countries,
focusing on finding common approaches to the most effective implementation of this EU
legislation.

The latest CA EPBD 2, launched in September 2007 and concluded in 2010, was organized around
5 Core Themes (CTs):

e Certification of buildings

e Inspections of boilers and Air-Conditioning systems

e Training of experts

e Procedures for characterization of Energy Performance
e Information campaign
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Since the second phase was launched in 2007, CA has organized six major meetings between MS
representatives, and ,in addition to plenary session devoted to issues of general interest, it also
organized a total of 63 detailed technical sessions for discussing specific issues relating to one or
more of the 5 CTs.

As presented in the program of work, “Member States shall ensure that, when buildings are
constructed, sold or rented out, an energy performance certificate is made available to the owner or
by the owner to the prospective buyer or tenant. Additionally, MS shall take measures to ensure that
buildings with a total useful floor area over 1000 m? occupied by public authorities and by
institutions providing public services to a large number of persons...have an energy certificate
placed in a prominent place clearly visible to the public.”

Almost all MS have experience in this kind of activity, and in doing so many of them decided to
converge on similar solutions, whenever possible, thus allowing a more harmonious implementation
across the EU.

Since January 2006, energy performance certification (EPC) is gradually being introduced in the
MS for different types of buildings, and specific experience can now be exchanged so that MS can
see successes or, in many cases, problems, and take corrective measures that will lead to further
convergence of methods, including administration systems, so as to give a robust effect to the
Directive.

The first CT is the Certification of buildings, which will be the core and matter of interest in this
thesis, and the discussions between MS related to it focused on nineteen topics here listed:

Building certification in general:

. measured or calculated energy performance rating

. certification of flats and blocks of flats

. certification of complex and mixed-use buildings

. energy certificates for display in public buildings

. processes for making recommendations

. national standards for benchmarking using measured energy rating
. interaction between certification and inspections

. voluntary certification in the USA

Administrative aspects of building certification:

. cost of certification

. Layout of certificates

. quality assessment of certification

. practical experiences on Quality Assurance of Experts
. database management

. extraction of additional value from EPCs databases

. Re-certification / re-scaling of EP scales

. design, operation and financing of central registers
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Implementation of energy performance certificates in MSs:

. impact of certification

. compliance with and control of EP requirements and certification systems
. iInfluence of EP certificates on the market value of the building

. study tours

We are going to focus our attention only on a few of the upper topics, which were the most
challenging during the energy certification of the building we will analyze later.

1.2 Which energy performance rating?

One of the most serious problems that engineers find when preparing an energy certification is
which energy performance rating they have to consider: the choice is as a matter of fact between the
calculated rating and the measured one. Before deciding which approach has to be used, we have to
keep in mind that the aim of building energy certification is to certify the buildings and not the
users of the buildings; having said that, for larger non-residential buildings such as the one we are
going to analyze a change in individual user behavior will not affect in a large way on the overall
energy performance of the whole building.

The operational (measured) rating is based on meter reading, involving energy consultants,
building owners and supply companies in the process: it’s greatly influenced by the behavior of the
occupants, and, consequently, eventual adjustments to a standardized energy use can lead to huge
problems.

Furthermore, the operational approach is largely depending on recommendations, made by experts
and energy consultants, that are often difficult to identify and to be used to give an accurate estimate
of the potential energy savings. Besides this, measured rating will usually be cheaper than using
calculated energy performance because it needs less time to collect information about the building,
especially for old buildings which had several retrofits and renovation collecting enough
information about the building (envelope, HVAC systems, previous renovations in case of old
buildings) and in the establishing of a appropriate building model, as we will see further.

The optimal solution would be to have both calculated and measured EP rating, but it can be seen as
this is not feasible because of the very high costs and the problems connected to the comparison of
the measured and calculated energy performance in the same certificate.

during the years. It happens very often that the building under investigation has to be divided in
sub-parts to take in account the different energy users; in these situations the measured rating can be
more difficult to apply whenever energy meters are not installed in all the parts of the buildings and,
consequentially, no energy saving measures can be suggested unless additional sub-meters are
installed in sections of the building.

On the other hand there is the calculated (asset) rating, which requires building registration,
manufacturer’s data and calculations based on standard impacts for persons and standardized energy
consumption for HVAC and DHW systems. This method offers the possibility of getting detailed
information about the thermal envelope and the installations of the building and, in addition, the
resulting energy certification will be based on a standardized calculation procedure by using
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standard loads and climate data. This is extremely interesting whenever it’s needed a comparison
between the energy performance of two buildings located in different areas but with similar
characteristics and destination of use; the contrast can be made directly, without any kind of
adjustment or standardization. However the cost of issuing an EP based on this rating is higher than
the one based on measured data, because of the more time-consuming in the

Advantages Disadvantages

It is difficult to identify savings,
as energy break-down is often
unknown. Very dependent on

The building survey is quick and energy the skills of the expert

savings are directly related to the real

Metered . Requires a special method for
energy consumption i
energy adjustment of measured
Often cheaper than calculated EPC, due .
performance ; . consumption to standard
to the short time needed to establish the consumptions
energy performance _ e
P The time saved on certification
can be lost on adjustments and
recommendations.
* In-depth knowledge about thermal Requires detailed information
envelope and installation is obtained. g -
Calculated . . . about the building and
Possible to identify (calculate) energy . i
energy . AN installations to set up an
savings for each individual measure. . .
performance appropriate model (more time-

Standard calculation makes it possible to

compare (benchmark) different buildings. consuming).

Table 1. Advantages and disadvantages for metered and calculated EP certification

The reason for choosing whether one or the other approach in a MS is as a matter of fact a political
decision; some Member States have adopted measured EP ratings for some type of buildings and
calculated for other types basing the decisions on considerations of cost. There are also a few MS
who decided to use both the two ratings, depending on building typology and age.

14



e Calculated: AT, BE(F), BE(W), CZ, DK, HU, IE, IT, NL, NO, PT, RO, SL, SK, UK
e Measured: SE
e Combination of both: FI, DE, LU

1.3 EPBD and penalties

The EPBD, has seen so far, has many goals to reach and in doing this it’s very important that the
legislative and regulatory requirements follows in practice the normative and are carried out in an
orderly manner. To ensure the implementation of the directives penalties are used in the MS, and
they can be divided into two main categories (in brackets, the number of countries using these
penalty mechanism):

- Penalties for building owners for not making an EPC available:

Financial penalties (14)
Legal penalties (6)

- Penalties for assessors for issuing an incorrect EPC:

Cancellation and correction of the EPC (7)
Warning and compliant procedure (7)
Further training/examination of assessors (2)
Financial penalties (7)

Revocation of license (7)

O O O O O

The application of these penalties are quite different among the MS; a few countries decided to have
an active control and sanctioning system, others have it only in theory but have not used it very
much in practice yet. There are also some MS that are investigating the possibilities for sanctioning,
and others who start actively the sanctions when they implement the EPBD recast. The possible
penalties are fines on assessors for issuing an incorrect EPC range from 500 to 5000 €, or also
liability for damages and revocation of license. In addition, the penalties for owners who fail to
present a valid certificate range from no penalty, to prison sentences, to fines for tens of thousands
of € for large non-residential buildings.

The Concerted Action participants analyzed the approaches to penalties from different perspectives
and after many group discussions several interesting question were raised, inter alia:

e Are penalties really necessary?

e Do we know how big the compliance problem is, in order to apply the correct penalty?
e Is there room for human error?

e What is the effectiveness of applying penalties?

e Could further training help to overcome quality issues?

e What do we actually want to achieve with the penalty system?

15



The answers to such questions will allow the individual countries to establish appropriate penalty
systems.

1.4 More effective ways to hit the consumer target

The fear of penalties is not and has not to be the only way to encourage building owners to issue a
EPC certificate; they have to be aware of how energy is used in the buildings, of how energy
efficiency and energy saving affect the costs of their buildings maintenance, and in which ways a
EPC adds value to the building stock. At the same time also the consumers have to be motivated in
many different ways to undertake energy savings, which is often difficult; in order to take this step a
lot of barriers have to be removed. The project IDEAL-EPBD gives a strong effort to understand
the response of dwelling owners, and the reason why some of them do not follow the
recommendations given in the EPC. The study focuses on possible influential factors for individual
households’ behavior regarding residential EP, such as investments in renovations of the building
shell or the technical systems, and based on the literature arising these topics the factors are the
following:

o Financial issues, e.g. long payback time, that can hinder consumers to take energy efficiency
investments.

o Social context; e.g., residents are more willing to adopt energy savings measures if these are
both visible and contribute positively to a “statement” towards their family, friends, colleagues
or neighbours.

o Information issues, most of all knowledge about costs, performance of the technical solutions
and possible choices.

o Decision-making context; there is always a strong barrier for energy efficiency investments
when the owner who needs to decide about it does not necessarily benefit from it in the
operational phase.

o Perceptions of renovation; in case of major retrofit and structural interventions the amount of
work and the mess created by the new technical improvement might cause a negative effect on
the final decision of the customer.

o Perceptions of “green” issues; e.g., an individual’s attitude towards the “green” topics
(environment campaign, climate change, exc..) can have a positive impact whether or not he
will implement energy efficiency measures.

o Life events and routines; it is the most uncertain factor, it refers to the different kind of
sensitivity shown by people in specific periods of their existence, when they are more willing to
make big changes in their daily lives and routines.

As seen above, all these factors together play a decisive role in the final decision of the consumers,
and so they have to be taken all in account with a total approach that can remove the barriers and
motivate the possible customers towards energy efficiency measures.

A list of possible solutions that respond to these requirements are:

16



o A significant lowering of investment costs, using first of all subsidies: it is clear that high initial
investments are a high barrier to taking action for the consumers.

o Once the energy saving measures are operative, focusing on decreasing the energy bills.
Pre-financing the investment costs: in this way more consumers, even the ones with a lower
income, can implement energy saving measures.

o Communication and information in the right time and context: e.g. when consumers decide to
purchase their first home, municipalities have to give them information about high efficiency
houses. At the same time it is an important task for the central government to communicate and
share information to the regional government and municipalities to promote the diffusion of
energy efficiency measures to this target group. The municipalities have also to inform the
consumers at the right time: when they ask for a building permit they have to inform them about
implementing possible energy efficiency measures, with related info about subsidies and
financial help.

1.5 How does the EPC influence the market value of a building

Once the barriers are removed by using the influential factors mentioned before and the possible
consumers are attracted towards the energy savings in the building industry, their final decision can
be affirmative when they realize how the market value of their building is positively affected by the
EPC. This is why, starting from the second semester of 2009, investigations were carried out in
each country to identify, characterize and present possible tools and strategies that can establish the
correlation between EPC and market value of buildings.

An enquiry regarding the large scale deployment of certification and the existence- or not- of
databases for housing transactions showed that, based on the 25 MS responding:

- 13 of them had, at that point in time, not yet witnessed a large scale introduction of EPC;
- only 1/3 of the countries had detailed databases for the housing market.

Even if the experience on this topic is still limited since most schemes have only recently been
introduced, an empirical study conducted in the Netherlands® ‘showed that, on a sample of 180000
sold houses, 40000 of them with an energy label, a “green premium” of 2.7% was detected for the
top category of EPCs.

Although no effect on the speed of sale was detected, considering the average value of a home in
the country this premium means an added value of about 6000 €- In Poland about 60% of the
building owners report that an EPC has a positive influence on the market value of buildings, based
on Polish-case study with opinion survey with major companies, but it is not yet possible to actually
quantify this effect. The conclusion about the EPC’s effect on the market are that there is still a very
limited knowledge in assessing their impact on the housing value, because the available and on-
going studies about this topic vary in methodology, actors and target, and so the results are strongly
country-specific at this stage. Anyway the need for consumers and market actors to have experience

! Brounen, D., Kok, N. and Quigley, J. (2009) The diffusion of green labels in the housing market, RSM, Rotterdam
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on these effects is growing, and this can be a key driver for reaching the objectives of the EPBD and
EU targets on energy efficiency. That’s why it is recommended that MS start, or keep on, paying
close attention to this topic and pass on the information acquired to the market, so that in the future
EPC can become a decisive factor during housing transactions.

1.6 How does the EPBD work in practice?

The immediate solution to maximize the effect of the EPBD is by providing an EPC to all the
building covered by the Directive; an excellent way to promote this is via market initiatives. When
professionals start using the EPBD and the EPC in their day-to-day work practice building owners
can appreciate the overall added value. From an inquiry leaded in 2010 across Europe it can be seen
how the market initiatives are grouped in 5 different categories:

e Financial initiatives, such as tax reductions and lower credit interest for high performance
buildings.

e |Initiatives from suppliers of energy efficient goods and services; e.g. installers offer packages of
solutions, suppliers make advertise campaign about the thermal properties of their construction
materials and how do they contribute to the improvement of the EPC’s rating, etc.

e Initiatives of real estate agents or major building companies, e.g. public announcement of the
EPC when a dwelling is put on sale, use of EPCs results in selling advertisements (as is now
required by the recast Directive), etc..

e Information and communication initiatives that contribute to spread knowledge about the EPC,
e.g. websites, seminaries, public campaigns, open forum that promote the EPC, the certification
of building with addition of further information about the value of EPC, such as standardized
recommendations or other related information.

e Specific governmental initiatives

An example from Luxembourg: a real estate agency placed the EPC in a prominent position on its
homepage, i.e. visitors can use the energy label classification (A to 1) as a prime criterion when
searching for houses/buildings. The same agency reports that selling a house/building with a label D
or lower is more difficult than selling a dwelling with higher label, A,B or C.

That’s a clear example of how the EPBD and the EPC must become integrative part of the day-to-
day work practice of all professionals, so that consumers are exposed to the Directive and to all the
opportunities it creates. At the same time, by improving the understanding of what is energy and
how it’s used in the buildings, how energy can be used in efficient ways with money savings and
with added value to the building stock, the EPBD and EPC will penetrate in the daily routine of the
public and in the mind of building owners.
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1.7 A few words on Hungarian housing sector

Considering that the building we will certify is located in Hungary we will give a quick look to the
housing sector, its composition and evolution throughout the years.

A decisive factor affecting Hungary in every economic sector, including housing, was the political
change of 1989-90, which represented a sharp turning point in its modern history.

The introduction of pluralistic multi-party democracy and the subsequent shift from

central planning to market economy generated far-reaching socio-economic changes in the

country. A fundamental aspect of transition was the radical rearrangement of the roles and duties

of central and local governments, i.e. decentralization. Until 1990 housing in general, social

housing construction and finance in particular belonged to the responsibility of the central state,
whereas the allocation and maintenance of public housing remained the task of local councils.

In 1990, as part of the democratic reform of the public administration system property was
transferred to the newly formed municipalities, who also had to elaborate and implement their own
housing policies.

Following the collapse of state-socialism the withdrawal of state from the housing market
accelerated significantly: the first ten years of transition could be characterized mainly by the
privatization of the former state housing stock. In 1990 22 % of the dwelling stock in

Hungary was state-owned, by January 2000 this ratio dropped to 5 per cent (see figure).

Figure 1. Housing construction in Hungary
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At the same time hardly anything happened in terms of the modernization and regeneration of the
existing dwelling and building stock. The cities of Hungary, especially Budapest, are still suffering
from massive urban decline, deprivation and social exclusion which is mainly caused by the long
lasting neglect of the building stock, the radical withdrawal of state from the housing market and
the increasing social polarization generated by the turbulent capitalist transformation of the
economy. During the first decade of transition little or no attention was paid to the question of
rehabilitation of deprived urban neighborhoods, simply because other issues including
unemployment or homelessness overshadowed the question of urban renewal.
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Figure 2. Privatisation of public dwellings in Budapest
1988-1999
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The refurbishment and renovation of the building stock is a great opportunity for energy saving,
employment, technological and economic innovation that has not been exploited entirely so far.

We will not analyze in-depth the history and composition of the housing stock, because we have to
focus more on the energy certification to see how it can positively affects the whole economy.

1.8 Hungary Energy report

On a first overview of the Hungarian energy situation what strikes the observatory is that the energy
consumption per capita is about 25 % below the European average (2.5 toe/capita in 2010) and, in
addition, total energy consumption has remained relatively stable from 1990.

Primary energy consumption, after a fall between 1990 and 1992, increased slightly until 2005, and
then started to decrease, only in 2009 the reduction reached the 9.1 % due to the global economic
slowdown; in 2010 a positive increase of 2.3 % was registered.

The shares of the power sector and industry in total energy consumption are lower than the
european averages: the power sector, including own uses and losses, accounts for 20%, while the
share of industry, including non-energy uses, fell to 18 percent in 2010, from 29 percent in 1990.

Owerview 2010 H000-2010 [&tyear)
Primary intens Ry (EU= 100 118 - -1.50: +
OO Intensity (Eli=100] 111 - -2.00% +
E':'.' emissions per capka (In 100 fcap) 5 + 0.7%
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EMclency of hermal posser piants {In %) 33 - 1.0% +
Rate of secrichy TAD iosses (I %) 10 - -3 7% +
OOz emissions per k'Wh generated [in gO0J/KWh) 300 + -3.1% ++
Imdustry 2010 2000-2010 {Safyear)
_Enegy Intensity (EU=100; T2 ++ -3 5% +
Share of Industrial CHP In Industrial consumption (In %) 4 -- -2.0% —
Uit consumiption of stesd (in toet) 0.33 - -1.5% +
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The bigger energy sources are coil and gas, which cover respectively 35 and 33 percent of final
energy consumption, and are followed by electricity with 16 percent. The share of coal is rapidly
declining, from 13 % in 1990 to 4 % in 2010, while biomass raise from 3 to 6 %, so as electricity,
from 13 to 16 %. Electricity consumption per capita in Hungary is about 40 % lower than the
european average, 3600 kwWh in 2010, and here we start to see the influence of the residential and
services sectors, which are the largest consumers with over the 66 percent of consumption, a share
which is still raising (50 % in 1990). The share of electricity consumed by industry fell over the
period, from 46 percent in 1990 to 31 percent in 2010.

Hungary set at 3.6 % the national target for electricity production from renewable sources by the
end of 2010; this value was already achieved in 2005, and it’s currently over 5.8 % (Enerdata
source). The renewable energy mix is dominated by biomass, followed by geothermal and
communal waste, while solar power doesn’t play a leading role despite its significant potentials, and
wind-power is expected to raise its share in the future.
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Although the environmental impact of the energy sector has decreased over the last two decades,
thanks to technology improvements, rundown of heavy industry and environmentally friendly
changes in the fuel mix, energy efficiency is still far away from EU standards and behind the target
level. There is also a strong dependency from importation and fossil fuels still play a leading role in
the energy supplying while energy demand is now more influenced by the domestic and service,
with the building sector assuming an increasing importance as energy consumer.

An important economic indicator to analyze more in-depth Hungarian energy efficiency is the
Energy Intensity, defined as total energy consumption per unit of GDP (Gross Domestic Product)
and measured in MJ/$: in Hungary energy intensity decreased by 1.9 percent/year between 1990
and 2010. This reduction was led by industry, while efficiency gains in the power sector were
limited during this period; however, the replacement of oil and coal-fired facilities by high
efficiency gas-fired since 2000 contributed to 21 percent of the reduction in primary intensity
between 2000 and 2010. What about the efficiency? In Hungary the energy scenery is dominated by
poor and low-efficiency technologies, nuclear and coal-fired power plants; nevertheless, electricity
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registered an increasing efficiency, from 29 percent in 1990 to 34 percent in 2010, thanks to new
CCGT facilities in the power mix and shift from coal to gas in the power stations. It is significant to
highlight the high percentage of the rate of transmission and distribution losses (T&D) that was
nearing 9.8 % in 2010, i.e. 50 % higher than EU average, although a sensible reduction from 1993
to 2010 (-30%). The T&D rate was over 13 percent between 1993 and 2001, its high value due to
electricity theft first, and technical problems on second step.

Figure &: Efficiency of power generation Figure 5 Thermal eledtricity capadty,
and thermal power plants by technology
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1.9 Energy suppliers

Hungary began the process of privatization and liberalization of the energy sector during the

early 1990s and, after the EU accession in 2004, a positive influence has been recorded on the
energy sector in terms of setting energy efficiency and RES targets as a top priority for the
liberalization of the energy market. However, this process faces substantial financial, political and
social challenges due to the heavy authority that big energy firms, E-On, and MOL above all, still
have on the market.

Currently all the gas and electricity service providing companies are owned by these well-known
international companies, e.g. E.On, EdJF\GdF and RWE; these service providing groups are still
functioning as regional monopolistic businesses in the B2C sector, but in accordance with European
regulations the liberalization of these markets has already started. The market will soon be opened
for residential customers in the case of electricity and is already open for gas services, providing
consumers with the opportunity to choose between different energy vendors.

Responsibility for energy policy lies with the Ministry of Transport, Telecommunication and
Energy (formerly the Ministry of Economy and Transport), where a separate Directorate-

General deals with energy policy. The Ministry regulates the prices for electricity and for

natural gas, with annual tariff schemes - creating prices substantially below real market prices.

The Energy Directorate-General of the Ministry of Economic Affairs and Transport and the
Hungarian Energy Office currently share the regulatory tasks concerning electricity, gas,

quality of public services and consumer protection.

Since only 25% of oil and of 20% of gas is produced in the country, energy dependence (71%,

see Fig.1.) is very strong in Hungary and highly influenced by Russian energy imports. In

2005, the total primary energy supply was 1301,5 PJ (36.9% domestic production and 63.1%
import) (KHEM 2008a). At the same time Hungary has an important role in the future of

European energy imports due to its strategic geographical position in gas transportation

through the Nabucco and/or the Blue Stream pipelines. As a consequence gas supply currently
seems to be assured for future needs in Hungary.

The share of oil and coal in energy supply has slightly decreased in recent years to 25% and

15% respectively, while the role of gas has increased from around one third in 1990 to one

half in 2003 (see Fig. 3.).

Here below (Table 2) are shown the World Bank indicators about energy production and its use in
Hungary; among all it is relevant the percentage of electricity production from nuclear sources
(Figure 3), accounting now almost 40% of the total electricity production.
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Figure 3: Percentage of electricity production from nuclear source

Figure 2.: Domestic energy consumption 1993-2006 (PJ)
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Previous Last
Alternative and nuclear energy (% of total energy use) in Hungary 14.8 15.2
Combustible renewables and waste (metric tons of oil 1323.3 1523.7
equivalent) in Hungary
Combustible renewables and waste (% of total energy) in Hungary 5.0 5.8
Electric power consumption (kWh per capita) in Hungary 3976.5 3988.8
Electric power consumption (kWh) in Hungary 39987000000.0 40040000000.0
Electric power transmission and distribution losses (kWh) in Hungary 3959000000.0 3888000000.0
Electric power transmission and distribution losses (% of 9.9 9.7
output) in Hungary
Electricity production from coal sources (kwh) in Hungary 7487000000.0 7205000000.0
Electricity production from coal sources (% of total) in Hungary 18.7 18.0
Electricity production from hydroelectric sources (kWh) in Hungary 210000000.0 213000000.0
Electricity production from hydroelectric sources (% of total) in Hungary 0.5 0.5
Electricity production from natural gas sources (kWh) in Hungary 15232000000.0 15176000000.0
Electricity production from natural gas sources (% of total) in Hungary 38.1 37.9
Electricity production from nuclear sources (kwh) in Hungary 14677000000.0 14818000000.0
Electricity production from nuclear sources (% of total) in Hungary 36.7 37.0
Electricity production from oil sources (kWh) in Hungary 535000000.0 355000000.0
Electricity production from oil sources (% of total) in Hungary 1.3 0.9
Electricity production (kWh) in Hungary 39960000000.0 40025000000.0
Energy imports; net (% of energy use) in Hungary 61.8 60.3
Energy production (kt of oil equivalent) in Hungary 10224.7 10496.5
Energy use (kg of oil equivalent per capita) in Hungary 2658.0 2635.7
Energy use (kg of oil equivalent) per dollar1;000 GDP (constant 2005 150.1 147.2
PPP) in Hungary
Energy use (kt of oil equivalent) in Hungary 26728.2 26457.7
Fossil fuel energy consumption (% of total) in Hungary 79.0 77.8
GDP per unit of energy use (constant 2005 PPP dollar per kg of oil 6.7 6.8
equivalent) in Hungary
GDP per unit of energy use (PPP dollar per kg of oil equivalent) in Hungary | 7.1 7.8

Table 1: World Bank Indicators, Energy sources and production percentage

1.10 Energy documents

The most recent strategic energy document is the Energy Policy Concept for 2007-2020
(40/2008.1V.17), which replaces the previous Energy Policy Concept in 1993, that was based on the
former social-communist economic and political structure, as we have seen in the housing report,
and focused only on supply-side interventions (Energia Klub 2006).

This new document is centered on three substantial pillars:
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- Security of energy supply; the goal is to maintain and improve security and continuity in the
energy supply, with particular attention to energy mix, energy import diversification, strategic
energy stocks, infrastructure developments and social responsibility.

- Competitiveness of the energy sector; this is the most important initiative, which should
contribute to increase the economic competitiveness of the country, by liberalizing energy
markets and energy prices, integrating to the internal EU markets, supporting technological
development and R&D.

- Sustainability; Hungary aims to reach a sustainable development by increasing energy
efficiency and energy saving, renewable energy sources, and paying attention to climate
response. It also focuses attention on the connections between energy and climate policies and
energy and transport policies.

The Energy Policy Concept is a framework strategy connected to the Hungarian Renewable Energy
Strategy (RES) 2007-2020 and to the National Strategy on Energy Efficiency Objective.

The target levels set by these strategies for renewable sources by 2020 are:

e Total primary energy supply, 14-16 %
e Biofuels: 5,75 % by 2010, 8 % by 2013, 10% by 2020

Figure 4.: Share of RES in TPES
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We conclude this overview by reporting that Hungary has a well-developed district heating and gas-
distribution system, almost half of the energy supplying vector is natural gas, as result of the Soviet
energy policy. The main source for heating is once again natural gas, (75%), and in 2005 more than
50% of the final energy consumption (926.5 PJ) was used for heating purposes, while renewable
sources for heating in 2006 counted less than 10 % , based mainly on biomass.2013 RES projects
are financed with 250 million € through EU structural funds, and additionally biomass production is
supported through the 2" National Development.
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Figure 10.: Composition of fuel for district heating, 2005
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CHAPTER 2

Status of EPBD in Hungary and Italy with technical specifications

Now that EPBD has been introduced it is time to see how Hungary and Italy have followed the EU
directive with their own regulation, energy policies and methodologies; in this way we will find out
how to carry out the energy certification in the two cases.

2.1 Energy strategies and action plans

The Hungarian housing policy has changed considerably and several times in goals and

practice in the post-1945 period. Until 1960 the presence and role of state on the housing market
increased continuously due to aggressive nationalization and to the Marxist-Leninist egalitarianism
that fostered the redistribution of the housing stock among the poor.

Between 1960 and the early 1980s the role of state remained still dominant, mainly due to large-
scale housing construction programmes; however, the whole housing market went through a
gradual liberalization and private forms of housing were accepted, or even supported by the regime,
which was unique among the communist countries. From the early 1980s, mainly due to economic
recession the state started a slow withdrawal from the housing market which was accelerated by the
political changes of 1989-1990.

In the 1990s, due to the very liberal privatization policy and the rearrangement of the

municipal system of Hungary the share of public housing has dramatically declined on the

housing market, and at the same time social polarization, extreme forms of social segregation and
social exclusion became more and more evident. After ten years of neglect and passivity the state
(both local and central) gained again more importance and played a more active role in the late
1990s. By 2000 the housing policy of Hungary has entered a new phase of its development where a
stronger co-operation and interaction between the public and private (both domestic and foreign)
sectors became possible.

The first energy strategy of the democratic era enforced in Hungary was the National Energy
Saving Programme, i.e. NEP, launched in summer 2000 and focused on traditional buildings
erected using masonry constructions.

In this new framework municipalities could apply for state funding in order to raise the number of
disposable rental units in the following ways:

1. building new flats;

2. renovating old tenancies;

3. buying dwellings on the free market and then renovate them for rental purposes, or convert
non-residential buildings into tenement blocks.
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In order to apply successfully the municipalities had to formulate their local ‘social housing act’ and
had to describe their plans concerning the allocation criteria and the management of the rentals to be
created. The municipalities had two choices in utilizing their newly acquired housing stock:

- they could maintain them on a cost basis, i.e. they can estimate rents so that they cover the
costs of maintenance,
- they could add subsidies via lower rents.

The municipalities could define the duration of stay for the families or could apply other conditions
such as compulsory savings for buying an own flat in the future. All these features were taken into
account when the applications were evaluated by the Ministry of Economic Affairs.

The program supported with 15-30 % non-refundable subsidies all kind of individual renovation,
such as thermal insulation of envelope and building elements, exchange of windows, updating of
heating systems and installation of RES systems. The application procedure was very simple, and
every owner of a single apartment in a multi-flat building could exchange his or her windows within
the programme without involving an energy expert. As a consequence, the achieved energy savings
were not registered, the investments made were not controlled at all and thus the owners were not
motivated to choose the most efficient solutions for their dwellings. The NEP was yearly financed
with a support between 1 and 2 billion HUF, 3.5 to 7 M€, with a number of projects amounting to
1000-5000/year, mostly on small scale, one-flat or family house projects.

The programme was ended in the middle of 2009 and substituted by the GIS, Green Investment
Scheme.

A separate programme was run for buildings realized with industrialized technologies; the Panel
Programme was implemented only for whole buildings , starting from 30 to 300 flats, and as
consequence these projects were much larger scale and with much stricter requirements.

The financial support ranged between 33% and 66% of the investment costs, independent of the
achieved energy saving. Although energy calculations were required, seen the obligation from 2007
set out by the EPBD, the acquired benefits in terms of saved yearly primary energy consumption
have not been analyzed, therefore the feedback was very limited.

The Panel Programme supported from 500 to 2000 projects/year, and the grant was a maximum of
20 billion HUF/year (70 M¢€/year). In the middle of 2009 the program was restructured and
integrated in the GIS. This change only referred to the source of financing, though several important
modifications in the requirements occurred.

Finally, every project hereafter needed an energy certification and the support provided by the
programme was partly dependent on the achieved energy category. For projects achieving category
D the support was only 30%, whilst for a category A+ 60% was granted. Nevertheless, starting from
buildings targeted B category this action definitely represented a change in the energy world and in
the efficiency level of projects; for the first time energy calculations had to be performed by
licensed energy experts using standardized calculation software specifically created for the GIS.
Although it was criticized by applicants because of its complexity and chaotic programme
management, the Panel Programme was the first effort to motivate people using EPCs to achieve
energy savings with more efficient projects. The plan lasted only half a year, with 800 projects
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applications submitted, which was not less than in previous year, and the EE level was much higher
than before.

The GIS Climate Friendly Home Programme, similarly to the GIS Panel programme, was first
introduced in January 2010, and it is currently running and subsidising traditional building types.
The characteristics of the programme are almost the same, excepting for a few small differences; we
mention as a positive new element the existing discrimination for projects applying KIVET
products, which is an abbreviation of a Hungarian term referring to materials, elements and
equipment of “Excellent Building Product” certification, even though the method for their
qualification is not completely elaborated.

A major problem with GIS is that project preparation costs, as management, expert and design cost,
are not eligible for subsidy and this strongly decreases the number of applicants, in particular the
well-designed ones.

This lack is adjusted by the Environment and Energy Operative Programme, which provides
subsidises for preparation costs and supports some projects through automatic application
mechanism. The programme is highly attractive, giving form 30% up to 100% non-refundable
grants for public and commercial buildings; in particular public buildings located in underdeveloped
regions can receive 100% grants. In spite of that, the interest is not high enough because of the
complicated administrative procedure, and consequentially the success rate for receiving funds is
only 30%. Although energy calculations are required, according to the EPBD, the achieved energy
label doesn’t influence the amount of the grant. Interest was raising towards this program from
second half of 2010, when altogether 831 projects were submitted, with a total grant request of 81
billion HUF (approximately 290 M€).

In late 2010 the new Hungarian government announced the intention of a radical change in the
energy efficiency action plans in the building sector, with a new Energy Efficient Construction
Programme that is under preparation. The ambitious aim is to retrofit 50°000-100°000 flats per year
with an average energy saving of 60%. The program will involve all kind of buildings, including
public ones and close to zero energy buildings, and it will gather together Energy Efficiency and
Renewable Systems in the building sector under one umbrella.

The expected development for renovated buildings are presented in the following chart:

vear 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 mean
traditional flat 20 30 | 40 50 60 60 60 60 60 60 50
panel 0 | 40 | 40| 40| 30| 20| 20| 20| 20| 20| 29 |
piblic building 5 | 65 7 6 3 2 1 1| os| o5 | 328
new flat 100 | 10 15| 15| 20| 25| 30| 30| 30| 40 | 225

* “Panel” refers to blocks of flats built with prefabricated sandwich panels
Table 1. - Planned development of yearly project numbers
(thousand of flats, plan)
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It is planned that individual projects will be evaluated according to the achieved energy savings
based on the EPBD certifications, and energy points will be granted to the projects as a function of
the original and the targeted energy label, as presented here below for residential retrofit projects. In
addition to these points, buildings can gain more bonus points, depending on sustainability, quality
and social impact achieved.

This new energy programme is a direct consequence of the NREAP, with studies that highlighted
the economic interest for Hungarian state to start a renovation programme with communal buildings
and family houses first, and in the latter end focusing onto other buildings categories.
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Table 2 - Energy scores based on energy certifications (plan)

2.2 Hungary’s NREAP

Hungary is a member of the European Union, and for this reason the adopted common legislation
and long-term objectives set out several task for the country in the energy field.

EU’s Renewable Energy Roadmap sets as targets a 20 percent share of renewable energy source,
including a 10 percent share in case of transportation, and an increase of 20 percent in energy
efficiency as well as a reduction of greenhouse gas emissions (GHG) of 20 percent by 2020.

The Member States (MS) are in charge for elaborating a National action plan to fulfill the EU
targets; in Hungary the National Renewable Energy Action Plan, hereafter referred as NREAP, has
been drawn up according to the Directive of the European Parliament and of the Council (the
Renewable Energy Directive, referred as RED) and in compliance with the format laid down in the
Commission Decision on the related single template (2009/28/EC). The NREAP draws upon
Hungary’s renewable energy strategy’, but also supersedes and overwrites it, keeping in
consideration the several changes occurred since the adoption of the strategy, first of all the global
economic recession and the new economic development priorities decided by the Government to
help restructuring Hungarian economy.

2 Government Decision No 2148/2008 of 31 October 2008 on the 2008-2020 strategy to increase the use of RES in
Hungary.
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It seems immediate now to realize that Hungary does not consider the use of RES only an
obligation, but rather as an exceptional opportunity for a decisive economic development, and their
use becomes in this way both a necessity and an opportunity.

On one hand, there is an essential need for finding solutions to the problems resulting from an
overuse of fossil energy sources (climate change, dependency on imports, imbalance s of the
foreign trade balance, energy poverty, etc.), which will provide the maximum advantage from a
social, economic and environmental point of view. On the other hand RES are an opportunity for
the restructuring of the national economy, for extensive production and market reforms, and for the
introduction of new, marketable domestic products, and ultimately for the creation of jobs. In a
general renovation view the development of a green economy represents, in accordance with the
New Széchenyi Plan, a breakthrough point for a “renewable” Hungary and, moreover, the NREAP
will contribute to jobs creation, substitution of natural gas imports and an increase of
competitiveness that will extend the Governmental objectives relating national economy. This will
guide the planning approach set by the NREAP for the next ten years,

which will be more ambitious than those of the previous years.

The RED of the European Parliament and of the Council specified a legally binding obligation for
Hungary to ensure a 13 percent minimum share of renewable energy in gross final energy
consumption by the end of 2020. The NREAP, taking in account the importance of green economy
on the development of national economy and its important effects on employment and domestic
value creation, sets out the achievement of a realistic target of 14.65 % by 2020, exceeding the
obligatory minimum target. It’s important to underline that the development of a green economy
can only be successful if it is combined and supported with the development of all national sectors,
i.e. industry and agriculture. Nevertheless, a green economy should be based on a reasonable use of
biomass originating from forest and agriculture, an extensive use of biogas, the utilization of
geothermal and solar energy, the rational spreading of wind power plants and small-scale hydro-
power plants and a general diffusion of biofuels and alternative fuels. Only in this way a real green
economy can stand up on its legs and raise steady, with solid foundations melted with renewable
energy sources and relative production, technology-supplying and manufacturing plants. During the
implementation process the Government intends to make use of all possible means in order to
achieve a higher share of RES than the above-mentioned EU targets; these means will be
technological progress, decrease of investment cost and use of direct Community resources, along
with the review and necessary adaptation of the regulatory framework, the re-thinking of aim
schemes and simplification of authorization procedure. In other words, Hungary must implement
developments in the field of renewable energy in such a way that they provide the greatest possible
economic, social and environmental benefit to all citizens. The National Action Plan is founded on
calculations made on the basis of the Green X Model, and this work phase was coordinated by the
Hungarian Energy Office. In the preparation of NREAP professional assistance was provided by the
international consortium established by the EBRD.

The consortium, whose members have solid experience in policy making and preparation of
national action plans, is headed by the Dutch ECO-RYS and counts as members the German
ECOFYS, the Energy Economics Group at the Vienna University of Technology, GKI Energy
Research and Consulting Ltd. And the Hungarian Energy Klub.

The NREAP was elaborated on the following public tasks:
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the elaboration of a new act on sustainable energy management in 2011;

restructuring of the implementation of existing aid schemes and making it more efficient and
more simple;

launching an independent energy support scheme (co-financed by the EU) between 2014 and
2020;

a comprehensive adaptation of the mandatory off-take scheme for renewable electricity
(thereinafter referred as green electricity) ;

examination of the possibilities for subsidizing green heating;

facilitating a more active participation in direct Community support and other support schemes;
review of the incentives incorporated into energy regulations for buildings (in accordance with
Directive 2010/31 EC);

review of spatial plans, creation of regional energy concepts;

establishment of green forms and programmes of financing (green bank);

review and simplification of regulatory and authorization systems and procedures;

drafting of awareness-raising programmes and information campaigns (integrated information
programmes);

launching educational and training programmes based on RES and energy efficiency;

launching employment programmes in the field of RES;

launching development programmes for the purpose of developing the related industries;
encouraging research and innovation incentive programmes;

programs and measures for spreading second-generation bio and alternative fuels;

drafting of an agricultural energy programme;

preparation of the administrative staff taking part in regulatory and authorization procedures in
relation to renewable energy and related fields.

The aim of the National Action Plan is to provide the greatest possible benefit to the entire society
by drawing on Hungary’s natural, economic, social, cultural and geopolitical assets. The main
objective of the utilization of renewable and alternative energy is to reduce dependency on gas and
crude oil imports.

Table F/13
Estimated costs and benefits of the renewable energy policy support measures

Measure Expected Expected cost Expected greenhouse Expected
renewable (in million EUR)* gas emission number
energy use 2010-2020 reduction in 2020 of jobs
(ktoe) (million t CO,_ /year) created

Measures 2,344 2,381 431 51,200

1-2d and 27-28

Measures

95 _op 535 7 0.74

* at the official ECB exchange rate of 1 January 2010
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2.3 Regulations for energy certification

As seen before, buildings in Hungary are currently responsible for 40 % of total energy’s
consumption, and approximately two thirds of this is used for heating and cooling.

Buildings and construction standards are closely linked to the use of renewable energy sources for
heating and cooling; the heating of buildings, in particular, is one of the highest source of CO,
emissions, and the perfect candidate to adopt renewable energy powered systems.

Furthermore, the energy condition of buildings in Hungary is below the EU average, and their
reconstruction and modernization represents an especially significant potential in the field of energy
and, nevertheless, a great business opportunity.

When referring to increasing the use of renewable energy sources in buildings, the supply of
renewable electricity from the national grid should not be considered. The NREAP is focused on
increasing local supply of heat and/or electricity to individual buildings; thus, the direct supply of
heat or cooling through district heating and cooling in buildings could also be taken into account.

In Hungary, prior to 2004, the responsible for the implementation of EPBD was the Minister of
Interior, through the National Office for Housing and Building; after joining the EU, the Minister
worked with professional bodies in outlining a set of regulations and rules of certifications, as well
as creating certification software, and finished in January 2006.

The first Ministerial Order, which included the requirements, the design input data and, most of all,
the calculation method, was released and issued in May 2006 and has been in force since the 1% of
September 2006. Starting from this date, the fulfillment of requirement is a mandatory condition to
acquire a building permit in Hungary. Furthermore, a commercial-based software became available
in January 2006. The result of the implementation of EPBD was impressive, and consisted in an
increase of the thermal performance of building envelopes. In terms of U-value it corresponds to a
decrease of 36%, 50% and 43% for, respectively, exposed walls, roofs and windows. The overall
average U-value of an envelope, including thermal-bridge effects, ranges at the present moment
between 0.45 and 0.65 W/m?K, depending on the surface to volume ratio.

The Ministerial Order ( Decree No 7/2006 (V. 24.) ) additionally provides for the following: during
the preparation of investment programmes for new buildings with a useful area of more than 1000
m?, and during planning, the possibility of using decentralized energy supply systems based on
renewable energy sources, district or block heating and cooling or heat pumps must be assessed
from a technical, environmental and economic point of view . In terms of RES, in particular solar
energy devices, as a general rule solar cells and solar collectors can be installed without a final
construction permit in Hungary. In certain cases, however, a construction permit must be obtained,
for example if the required equipment is intended to be installed on buildings under monument
protection, or if the installation involves significant changes to the facade of the building or if a
large open-air system is concerned. The following regulations apply to small-scale power plants and
household-scale power plants (up to 50 kVA) during energy authorization: in the case of solar cell
systems connected to the grid it is the size of the system which determines what further procedure
the investors must expect. In the case of solar cell systems with an output of more than 500 kW, the
authorization procedure for small-scale power plants applies, during which a permit must be
requested for their installation from the competent construction authority, and a combined small
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scale power plant permit from the HTLO (Hungarian Trade Licensing Authority). Pursuant to the
implementation decree of the effective Electricity Act (EA Imp.), construction authority permits are
issued by the Authority of Metrology and Technical Safety of the HTLO having territorial
competence. The process is complemented by the network access contract concluded with the
licensee, which is a prerequisite for the Office’s permit.

The classification “household-scale power plant” offers more simple conditions, and refers to power
plants that are connected to a low-voltage grid and the connected load of which does not exceed 50
kVA. The legislator’s intention with the introduction of this category was to facilitate, from an
authorization point of view, residential users reducing the amount of electricity obtained from the
grid by using electricity generated by devices of their own. This category is also more advantageous
from a financial point of view, as through so-called “give-take” accounting the electricity supplier
applies annual balance accounting, i.e. it deducts the amount of solar energy generated into the grid
from annual consumption. The electricity supplier having territorial competence must be contacted
in the case of household-scale power plants as well. The supplier must be informed about the
operation of solar cell systems by way of a request form, in which a declaration must be made as to
whether the owner of the solar cell intends to use the energy produced solely for private purposes or
also intends to feed energy into the public network. In the latter case the electricity purchase
contract must be adjusted accordingly.

During 2007 intensive discussions took place between the different Ministries to decide which
method of certification should be adopted; at first place the asset (calculated) energy performance
rating was developed considering that, in this case, the same procedure can be applied in the design
phase for the certification of new and existing buildings, using design data, and it is also easy to
check real and survey data. Thus, the asset based method allows to use a “standard user” in order to
avoid and neutralize inhabitants behavior. The operational method raised many concerns for the
possible reactions to the price of certification, since it is a service that the general customer must
pay for, whose cost is based on energy bills. In the end the government order issued in 2008
included both methods, and the protocol for certification based on operational rating has been
published and is now subject of conciliation at the Chamber of Engineers. The deadlines for the
initiation of certification processes were defined as well in the same order: for new buildings it
started in January 2009, whilst compulsory certification of existing buildings has started from 1%
January 2012, although on a voluntary basis and in the case of subsidized energy conscious retrofit
was already in effect since 2008. Starting from January 2009 49°000 certificates has been issued for
new buildings and about 4’000 for existing buildings, in the latter case with the intention from the
owners to apply for subsides for major renovation.

These subsides exist from 2008, promoted by energy saving programmes which offer financial help
for investments on retrofits of existing buildings: the two preconditions to get economic support are
certification of the building in its actual state and identification of the higher category to be
achieved after the renovation. In public buildings the display of EPCs has already begun, by
applying an operational method since the users of the dwelling remain the same, thus both technical
conditions and user behavior can and should be evaluated.
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2.4 The EPC

The Energy Certificate assigns an energy performance label to residential and non-residential
buildings or building-units on a efficiency scale ranging from A+ (high energy efficiency) to | (poor
efficiency), and it lists cost-effective measures that can be taken to improve the energy
performance. The positive effect of the certification are the recommendations provided to the
building owner, which can be found in a summary on page 2 of the certificate; it contains a short
description of the improvements proposed and their impact on the energy label if all measures
would be taken in account. For existing buildings these suggestions are more detailed depending on
the building owner intentions whether or not he’s applying for a subsidy. If he intends to do so, an
evidence of the expected outcome of the retrofit in energy terms must be provided, and a financial
one is recommended, as well as more accurate survey and calculations are necessary to guarantee
the satisfaction of the subsidy conditions. It is possible for building owners to estimate the rating of
their building using the online calculator, and they can also create their own certification which, in
any case, does not substitute an official one issued by a licensed expert. EC are valid for 10 years,
and starting from January 2012 all existing residential and non-residential buildings need to be
certified, when sold or rented. The owner must present a valid certificate to the buyer, when the sale
or rental contract is agreed upon. For existing buildings there is no minimum requirement, i.e. it can
be labeled from A+ to I, since according to EPBD the aim of certification is informative, while
new buildings must achieve at least a C label. In the case of major renovation of buildings with a
net floor area over than 1000 m? the same rule has to be applied.

The energy certification procedure require detailed calculations to estimate the thermal
characteristics of the building and its energy consumptions for heating, cooling, domestic hot water,
lighting and ventilation. As for all the MS, also Hungary has a Technical Regulations which
provides all the calculations and procedure step by step, giving all the standards and the energy
categories. This regulation is issued by the Minister of Interior and its staff, and published on the
national Gazette “Magyar Kozlony”, and it is regularly updated to respond to the technical
evolution of the energy and building market.

The last update, with the Ministerial Decree 40/2012 V111.13, has been published in August 2012
and gives indications about renewable energies, HVAC systems, major renovations and new
requirements for building elements and primary energy consumption.

The aim of the regulation is to provide all the necessary informations and technical data to
accomplish the calculations about the building energy performance in a general way , not based on
the particular situation of the building under analysis but for building categories. In this way any
building can be compared to another of the same category, because the energy calculations are the
same, sharing a common procedure that allows direct comparisons with an objective and general
approach. All the Qualified Experts have to follow the Regulation step by step to issue an official
Energy Performance Certificate acknowledged by the law: the regulations gives also the possibility
of a simplified method, with calculations that do not require a specific technical knowledge of
HVAC systems and building elements.

In Hungary the definition of a public building includes every state-owned non-residential building,
and the larger ones exceeding 1000 m? floor area are required to display their energy certificate so
that they are visible to the public.
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The requirement system has three facets, as far as new buildings and major renovations are
concerned; maximum permitted values are set for the U-values of building elements and for the
specific heating energy need (W/m®K) as a function of the surface to volume ratio.
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The building and its elements must satisfy these three levels requirement group.

The basic requirement is related to external building elements (opaque and transparent). Practically
the heat transfer coefficients U [W/m?K] are limited, with uppermost admissible values reported in
Table 1.

Table 1
Admissible value for Heat
Building element transfer coefficient, U
[W/m?K]
External walls 0,45
Flat roofs 0,25
Ceiling on the cellar 0,50
Walls between heated and unheated rooms 0,50
Attic ceiling 0,30
Floor on the soil 0,50
Windows with wood or PVC frames 1,60
Windows with Al frames 2,00
Roof windows 1,70
Entrance doors, or doors between heated and unheated rooms 1,80

The second level of requirements is focused on the whole building, and sets a maximal value for the
specific heat losses qn [W/m°K], depending only by the ratio of envelope area to heated volume
(ZA/V). The g, value may be determined using one of the following relations:

TA/V <03 g, =0,2W /m°K
03<TA/V <13 q, =0,086+0,38(ZA/V )W /m*K
AV >13 9, = 0,58W /m°K (1)

or using the diagram from Figure 1.

This value does not depend on the building function. This second requirement level should be used
in order to avoid situations when the uppermost requirement level is satisfied for a building with
low thermal characteristics of the envelope assuming high-tech building service systems.

It is to be emphasized that using building elements of the allowed U-value does not guarantee the
fulfilment of the gn, requirement, but depending on the ratio of wall, windows and roof area often
stricter insulation requirements must be undertaken.
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Fig. 1 Requirement for specific heat losses

It is important to notice that the elements of heating or air conditioning systems may be replaced
during the construction with others having lower efficiency or the function of building may be
changed in time, but even in these situations the building must fulfil the second level of
requirements. The losses from thermal bridges are also considered in this level of calculation.

The uppermost level of requirements is related to primary energy consumption of buildings, and at
this point both the building and its service systems are included. Maximal admitted values for
yearly primary energy consumption Ep [KWh/m?a] are given, depending on the building function
and the ZA/V ratio, and expressing the yearly primary energy consumption per net floor area. The
requirement can be determined using the following diagram (fig. 2). The primary energy needs
include heating, domestic hot water, cooling and, for non-residential buildings, lighting.

There are buildings where the third level of requirements concerned to primary energy consumption
is impossible to be stated: in these situations where the destination of use is rather complex, e.g. a
building with offices, flats and sport facilities) the standard consumer is practically impossible to be
defined. In these cases since in the building there are spaces with different functions, the designer
can decide to choose as requirement for primary energy the value corresponding to the main
function, but in this case the requirement may be determined as an average value of requirements
for different destinations weighted by their volumes. When there are no requirements for the
analysed buildings only the basic and second levels have to be fulfilled.
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Fig. 2 Primary energy consumption requirement.

2.5 Impact of the EPBD at national level

Building regulations in Hungary deeply changed through the years: before 1991 the only existing
requirement was a maximum acceptable limit for the U-values of building element. At a later stage
the regulation was extended, starting from 1991, by including also specific heating energy losses as
a function of the external envelope surface to volume ratio. As we can see from the figure 3 down
below, the limit set for the g, value is stricter for large and compact buildings, with a low shape
factor Y A/V . Anyway also the average U value of the envelope can be seen as a function of the
surface the volume ratio, and for buildings with higher Y A/V it is required a more efficient thermal
insulation as the decreasing slope of U, indicates (Fig.4).

Let’s look more carefully to figure 3: the lower line represents qm trend in case of continuous
heating, while the upper one in case of intermittent heating, which depends on the use of the
building. This requirement became stricter in 2006 as it can be seen. If we take as example a typical
residential single house this means an overall average U value of the envelope, including all
elements as walls, roof, window, entrance door and taking in account thermal bridges losses,
ranging from 0.45 to 0.50 W/m?K.

As we will see more in detail later, utilized passive solar gains can be taken into account in the
calculation of the specific volumetric value of g, once the presence of solar access is demonstrated.
The influence of these free gains depends on the thermal mass of the building, with proper
utilization factors provided by the normative. The qn, value will finally include all the parameters
closely related to the building that will affect its energy performance: form, envelope, insulation,
orientation, shadow factor and solar access.
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Figure 4: Average U value of the envelope depending on shape factor

The latest regulation considers also the risk of summer overheating, and to prevent that it suggests a
simplified calculation which takes in account internal and solar gains, position of openable windows
and fans, possibility of night ventilation and thermal mass of the building.

The requirement system is supposed to be reviewed every five years and, considering the recast of
EPBD, this will mean a fundamental revision in 2016 that will strengthen the existing regulation.
The requirements must be updated in a continuous and dynamic way considering that technology
evolves and provides new devices and systems in the building market; active solar and PV systems
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in particular will emerge, and elements of the Life Cycle energy balance will be included in the
calculations, based on the most cost effective method.

The WinWatt software provided by the normative already allows to calculate the cost and expected
savings of different retrofit measures, by renovating the building or the mechanical systems. In a
few time, once the data of the building are entered, several solutions can be compared and the
results can be discussed according to payback time or investment costs, or it’s possible to show all
possible combinations below a given investment cost or the payback time achieved with a set-up
investment cost.

In conclusion it’s important to say that new and renovated buildings, which are the designated
candidates for the implementation of energy savings, represent only a small share of the entire
building stock in Hungary. Therefore the impact of applying EPBD is obviously limited and will
not lead, within a useful timeframe, to significant reduction of energy consumption in the building
sector. Currently, less than 35000 new buildings are built each year in Hungary and, despite the
recent growth in the building market, major renovations do not have a relevant role yet.

For this reason to achieve remarkable energy savings significant incentives towards the
improvement of existing buildings are needed, and the recommendations made by experts in the
EPC have to become important guidelines that the owner of the building has to make good use of,
either for a major renovation or as an individual cost-effective measure.

Anyway, financial concerns about the investment costs of using energy efficient technologies and
their payback time still represent a huge obstacle. A breakthrough may happen in the field of
subsidised projects, considering that the state administration has already adopted the methodology
of offering subsidies based on EPC that stimulate project developer to apply more efficient
technologies.

In the future it will be possible to approach to nearly-zero or zero energy buildings with a new rate
based on embodied energy; this new quantity has been defined and studied in-depth only in the last
years and refers to the amount of energy required to produce, transport on site and dispose down a
product, material, good or service. It is a new concept that still finds obstacles in its definition and
unit of measure, but is very interesting to assess the impact of the life cycle of a product or service
on the environment, calculating the amount of CO, emissions or the equivalent quantity of oil used
in its supply chain and end-life disposal.

When the yearly rate of embodied energy will become comparable to the yearly operational energy
consumption, as expected by 2020 in the EPBD goal, the Life Cycle energy balance is to be
considered.

In this new energy vision, the components of embodied energy have first to be distinguished into
those pertaining to elements directly connected to energy operational consumption (envelope,
mechanical systems) and others (basement, partition, stairs). On a second step, since the operational
energy consumption mostly depend from building related elements, such as H&C systems and user
dependent components, a rational balance between the embodied energy of these elements and the
embodied energy of elements directly influencing the operational management of the building
should be aimed at. Nevertheless, some practical problems should be discussed, first of all what is
the conventional lifetime of the analyzed building and its elements. In this way the cost of an
investment will be proportionate to the embodied energy, with an approach not far from the concept
of cost effectiveness
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2.6 Status of EPBD in Italy

In Italy the implementation of EPBD is particularly intriguing, with some peculiar differences with
Hungary, since it is a shared task between the State and the 21 Regions and Autonomous provinces.
Implementation started in 2005, with a national transposition Decree that established a transitional
period during which:

- the minimum requirements were tightened by 30%, with respect to the previous levels;

- methodologies for determining energy performance of buildings were confirmed, by referring to
the already existing advanced regulations;

- Energy Certification of Buildings (ECB) was replaced by a declaration produced by a
professional designer (assessor accreditation was not available at the time) which was limited to
new or renovated buildings, and then extended in 2006 to buildings on sale and rental;

- Boiler inspections procedures were slightly improved, in respect of the existing regulation from
1993.

At the end of 2010 the revision process of the current legislation at the national level was completed
and an initial group of 10 active Regions implemented their transpositions, according to the national
model and guidelines.

In Italy the regulation on ECB is handled by the Minister of Economic Development in
collaboration with the Ministry of Environment and the Ministry of Infrastructure.

Before it can be approved, the opinion of the Committee of Regions is required, obtained through
the State-Regions Conference. It’s clear how the energy policy is quite messy, by leaving the
drafting of the general framework to the central government, according to the modification of the
Italian Constitution , Part V, and at the same time being partially delegated to the Regions and
Autonomous Provinces that have the final power to adapt it to their individual requirements. The
Regions are in charge of the entire certification system, which is based on regional registries and
databases. The timetable for the implementation of the Energy Certification of Buildings in various
building categories was graduated, and reached its full implementation on the 1% of July 2009, when
all the required buildings were included in the certification system: new buildings, major
renovations, public buildings and all buildings when sold.

In Italy the definition of public buildings include all buildings owned by the State, regional or local
administrations, or other public organizations, no matter what activity performed therein, or any
building not publicly owned but used by a public body. Every public building larger than 1000 m?
is required to display the energy certificate in a place easily visible to the public, though no fine or
deadline has been specified whenever this requirement is not complied.

All public buildings must have an EPC when an operation and maintenance contract is signed for
their management.
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Date Type of building

1°" of July| Transfer of
2007 whole building
> 1,000 m*

1°" of July| Transfer of
2008 whole building
< 1,000 m?

1% of July| Transfer of
2009 flats

Table 1. Timetable of
implementation of ECB.

On the 10™ July 2009 in the Official Gazette was published the Ministerial Decree DM
26/06/2009,which officially sanctioned the actuation of European Directive 2002/91/CE art.7 and
DLgs 192/05 art.4 comma 1 related to the energy certification of buildings, and which entered into
force on the 25" July 20009.

The Ministerial Decree is composed by eight articles and two attachments; attachment A contains
the guidelines for EPC while attachment B reports the updated technical specifications and standard
used in the calculations.

The energy performance of buildings is calculated with an indicator called EP: for residential
buildings it is measured in KWh/m?, for non-residential buildings in kWh/m? of primary energy,
while the efficiency scale is ranging from A+ to G. Performance is expressed for the whole primary
energy used in the building, and separately for the single uses: heating, hot water, cooling and
lighting for non-residential buildings only.

The global EP is the sum of the partial EPs:

EPgl = EP; + EP,.; + EP, + EPy;
where:
- EPj is the EP for heating

- EPe is the EP for summer;
- EPyy, is the EP for lighting.
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There are two methods to calculate this energy performance marker (EP) established by the
Ministerial Decree, one for existing buildings and one for new buildings.

For new buildings, major renovation, demolition and reconstructions the DM sets up a calculated
methodology based on the UNI/TS 11300 to calculate the energy performance of the building. At
present, the UNI/TS contains Part 1 for the calculus of heat need in summer and winter season and
Part 2 for primary energy and efficiency of air conditioning systems and production of hot domestic
water.

For existing buildings it is foreseen a calculated rating that takes as input the existing data about the
building with three different levels of analysis:

e For every category of buildings: all the data about the building can be calculated by
instrumental analysis or by consulting the database and abacus of UNI/TS 11300 to acquire the
thermal characteristics of the envelope, and the energy consumption calculation has to be
referred as well to UNI/TS 11300.

e For existing buildings with net floor area less than 3000 m?: the input data can be obtained by
comparison with similar buildings or by databases and abacuses. To calculate the EPgqp it is
recommended to use the software DOCET, arranged by CNR and ENEA in conformity to
UNI/TS 11300.

e For existing buildings with net floor area until 1000 m? : using the main geometrical and
climatic data of the building the EP; is calculated with a simplified method that is reported in
Attachment 2 of the DM with the National Guidelines and the EP,; is calculated with a similar
simplified method contained in UNI/TS 11300.

Presently, all existing residential and non-residential buildings need to be certified when they are
sold. The Legislative Decree transposing the Directive 2009/28/EC also requires a valid EPC to be
presented to the buyer or renter, even if for rental this is limited to cases where the EPC is already ,
and imposes the publication of EPC data in advertising of homes for sale. In addition, when
registering a contract of sale, Italian notaries have to inform the parties involved of the obligation of
having an EPC and check that there is an agreement between the parties concerning the issue of an
EPC. In 2 Regions the notary has to annex the EPC to the sale contract. There is no national fee for
EPC registration, but this is usually applied at regional level. Fines are foreseen for building owners
refusing to deliver the certificate, and in at least 2 Regions the notary refuses to register the contract
of sale if the certificate is not shown.

Moreover, certification is compulsory to have access to most public incentives for energy efficiency
that we are going to discuss.
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2.7 National incentives and subsidies

The most important subsidy is the “Tax credit programme”, which provides a 55% refund grant to

be distributed in ten fiscal years maximum, and is available for the following measures:

- Electric, absorption cycle and geothermal heat pumps, condensing boilers, solar thermal

collectors;

- Retrofitting of building envelope elements that satisfy the minimum;

- Building renovations that globally satisfy building performance of less than 20% of the Energy

Performance requirements in force.

This programme has been a great success in term of saved energy, induced investment and benefit

to small and medium enterprises and employment (the breakdown of the results can be seen in
figure for the two years 2007 and 2008).

In the whole period of application, since 2007 and including 2010, over 840’000 interventions have
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been supported, involving 2 million flats, which represent 7.7 % of existing flats. The overall

energy saving obtained was 6’500 GWh/year, with 42°000 jobs created, with a peak of 56’000 in

2009. The annual data are reported below:

2007 2008 2009 Total
Humber of
interventions 106,000 247,000 236,000 589,000
Primary energy saved
(MWh) 800,000 2,000,000 1,600,000 4,400,000

(€)

Het intervention costs

1,500,000,000

3,500,000,000

2,800,000,000°

7,800,000,000)

(€)

Income tax deduction

825,000,000

1,925,000,000)

1,540,000,000)

4,290,000,000
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We also report in the framework of Photovoltaic the presence of a “feed-in premium”: the energy
produced with the PV system, that can be self-consumed or sold to the national grid, receives a
financial subsidy with a tariff taking in account the energy price plus a benefit. At the same time it
is also available a “feed-in tariff” for all RES systems, except for PV and solar thermal: in this case
all the energy produced is sold to the grid with a unique 20 years contract premium tariff.

These facilitations are available for buildings submitted to a renovation, leading to a reduced energy
consumption by at least 10%. A valid EPC before and after the renovation is the necessary
requirement, with the demonstration of the achieved result.

A decree of March 2010 offers public grant of 83 €/m? and 116 €/m? for new residential buildings
in which family homes are housed, if the achieved EP is less than 30% and 50% respectively of the
minimum requirements in force. This subsidy could cover about 60% of the extra costs per m?, but
was limited to 5’000 € and 7°000 € per intervention. Because of this, only a very small part of the
available budget, estimated initially around 10’000 flats, has been used so far.

Since December 2006 about 8 M€ has been budgeted for energy diagnosis and certification of
public buildings, throughout the Regions.

The Ministry of Environment has budgeted a revolving fund “Kyoto Fund” for sustainable energy
which will be managed by the Regions willing to assume responsibility for the setup of the calls to
projects.

2.8 The Energy Classification for buildings in Italy

The Energy Performance Certificate is the most visible and immediate aspect of the ECB: as said
before, the document assigns an energy performance label to residential and non- residential
buildings or building units, and it lists some recommendations for improving their energy category
sorted by cost-effectiveness.

6. RECOMMENDATIONS

Measures EP and Class after Payback
implementation time (years)

1)
2)
3)
4)
3)

ACHIEVABLE NEW Energy Perfarmance EP | ... kWh/m?year | .. years

The ECs are valid for 10 years, but they have to be updated whenever the energy performance is
modified by interventions on the envelope or mechanical systems.

As usual, the real benefit for the owners lies in the recommendations given by the expert, and
summarized on page 2 of the certificate; they are a list of actions, EP and class obtained after the
eventual implementation, with relative payback times.
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First step of the DLgs 192/05 is to create classes for heating energy consumption for winter season,
defined with reference to the minimum energy performance requirements, which entered into force
on the 1% of January 2010. The EP; of a class depends on the climatic zone and on the shape factor
S/V of the building where:

- Sis the envelope area (m?) that delimits the heated volume to the outer unheated spaces,
- Vs the gross volume (m®) defined by the heated surfaces of the heated space.

These limit values for EP; are given depending on shape factor and Degree Days (GG): for
buildings with S/V between 0,2 and 0,9, and similarly for buildings with number of degree days out
of ranking, a linear interpolation provides the requirements. Here below are summarized the EP; for
residential buildings, with the updates from 2008 to 2010.

Edifici residenziali della classe E1, esclusi collegi, conventi, case di pena, e caserme

TABELLA 1.1 | EP, limite (valori in KWh/m? anno)
Zona climatica
A : G D E F
< 600 601 a00 01 1400 1401 2100 210 3000 = 3000

- . - . . e - - - o
lala lalz als ala ala al lala lala lala al

=0.2 10 10 16 15 2h 25 40 40 bb bb

=09 45 45 60 60 85 85 110 110 145 145

TABELLA 1.2 | EP, limite dal 1 gennaio 2008 (valori in kWh/m? anng)
Zona climatica
A B G O E F
< B00 601 a0 801 1200 1401 2100 21M 3000 | =3000

- . - o . i - - I
lala b ala ala ala ala lala lala lala al

=0.2 9.5 9.5 14 14 23 24 a7 a7 b2 b2

=0.9 41 41 bb bb 18 T8 100 100 133 133

TABELLA 1.3 | EP, limite dal 1 gennaio 2010 (valori in kWh/mZ anno)
Zona climatica
A B K D E F
< 600 601 a00 801 1400 1i31 2100 21 3000 [ =3000

e P — P
[

- - o P
59!

I.? a O a I.? aha aa aa I.? a I.? a O a I.?

=0.2 8.5 8.5 12.8 | 12.8 | 21.3 | 21.3 34 34 46.8 | 46.8

=049 36 36 48 48 liti] it a8 a8 116 116

A point of interest is the fact that all non-residential buildings have the same requirement for
primary energy consumption EPyim, expressed in kWh/m?® as the total primary energy consumption
divided by the heated volume. This will be underlined during the energy analysis with the Italian
regulation to show how it affects the energy classification of these buildings.

A general building, residential or non-residential, meets the requirement for EP; when its EP; value

fits between C and D category.
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The person, generally a technician or engineer, issuing the energy certification will have to follow
the path set by UNITS-11300 by calculating the primary energy consumption: this requires to
properly calculate all the heat losses, i.e. transmission and ventilation, from the heated spaces to the
outer unheated ambient and all the free gains, internal and solar. Thereafter also the generation,
distribution and supplying systems has to be considered, with their electric consumption and energy
efficiency. The global primary energy need of the building is given by the net heating requirement
plus the electricity need, expressed in primary energy by using its transformation factor, i.e.
efficiency of the national electric grid.

There are also requirements for the U-value of vertical and horizontal opaque surfaces, for floors
that separate heated and unheated spaces, roofs and windows (See Appendix).

The regulation gives also a requirement for the average seasonal efficiency of the heating system ,
depending on the installed power:

Ngtop = (75 + 3log P,)% if P, < 1000 kW

Ngiob = 84% if P,>1000kW

For new buildings and major renovations, and as well for building units in new buildings or major
renovations, the minimum EP required is a C rating, to be approved at the planning stage before
construction begins.

As repeated before, the calculation methodology is based on the national technical specifications of
UNI TS 11300 which specify the mode of use of several CEN standards for Energy Conservation of
Buildings in Italy. The selected method provides a monthly calculation of primary energy, taking in
account heating and cooling building load, domestic hot water, H&C systems, renewable energies
and lighting for non-residential buildings, even if the technical specifications about this latter one
are not yet available.

The energy certification is formed by two documents, an Energy Certification Document (ACE) and
a Qualifying Energy Document (AQE). The ACE is supposed to assess the energy performance of
the building based on the National Ministerial Decree DLgs 192/05 but, since no national guidelines
on energy certification of buildings have been published so far, it is replaced on all effects by the
AQE.

The AQE is issued by a Qualified Expert, that can be actively involved in the early design phases
and construction of the building, and contains:

- the calculated primary energy consumptions

- the energy category of the building or real estate, referring to the certification system in force

- the related maximum acceptable limits for primary energy for the specific building under
analysis, or whenever not available for a similar new building

- recommendations to improve the energy performances and energy category of the building, with
possible changes of the category i.e. for existing buildings.
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As said before, the energy category in Italy is a global marker that is a sum of sub-indicators of the
different energy services used in the buildings, as heating, cooling, DHW and lighting.
At present the EPgqp is expressed only by the sum of EP; and EPacs as reported below.

EI:)glob = EP; + EPgacs
The energy certificates gives a comparison between the EPgqp, Of the building under analysis and the
required EPgion req. Provided by the normative depending on the building category, shape factor and
climatic zone. This certification is based on the requirements for energy performances shown before

and provided by DLgs 192/05; since EP; are corrected by percentage factors K, also the EPgq, has
to take in account these corrections, and so:

EPgion(class) = Ky EPi 1imit + EPacs
In the tables below are reported the energy labels from A+ to G for residential buildings,

considering only heating energy and domestic hot water energy requirement in the EPgjop.

Tabella 1: Classiticazione EPi

CLASSE A, + | < 0.25 EPi{limite 2010)
0,25 EPi(limite 2010) = | CLASSE A, < 0,50 EPi{limite 2010)
0,50 EPi(limite 2010) = | CLASSE B, < 0,75 EPi{limite 2010)
0,75 EPi(limite 2010) = | CLASSE C, < 1,00 EPi{limite 2010)
1,00 EPi(limite 2010) = | CLASSED, < 1,25 EPi(limite 2010)
1,25 EPi(limite 2010) = | GLASSE E, < 1,75 EPi{limite 2010)
1,75 EPi(limite 2010) = | GLASSEF, < 2,50 EPi{limite 2010)

CLASSE G, = 2,50 EPi(limite 2010)

As seen so far only heating and DHW consumption are taken in account in the energy indicator
EPgiob: however there are other important energy sources which contribute in significant way to the
primary energy need of a building, first of all cooling.

The cooling demand is continuously increasing nowadays, becoming sometimes even higher than
the heat gain, and cannot be neglected.

That is why the energy certificate contains also a requirement for cooling, EP., expressed as usual
in KWh/m? for residential and kWh/m? for non-residential buildings.

51



Tabella 2: Classificazione EPacs

CLASSE A5

M

9 kWh/m? anno

9 kWh/m® anno =

CLASSE Bjps

M

12 kWh/m? anno

12 kWh/m?® anno =

CLASSE Cpcs

M

18 kWh/m?® anno

18 kWh/m? anno =

CLASSE D,

M~

21 KWh/m? anno

21 kWh/m#* anno =

CLASSEE, < 24 kWh/m? anno

24 KWh/m? anno =

CLASSE Fyee | < 30 kWh/m? anno

CLASSE G, = 30 kWh/m* anno
Tabella 3: Classificazione EPgl

CLASSE Ay+ | < 0.25 EPiypp + 9 KWh/m?anno

0.25 EPijmzore + 9 KWh/m®anno = CLASSE Ay < 0,50 EPijmzgre + 9 KWh/m?anno
0.50 EPij,z00+ O kWh/m?anno = | CLASSE B, < 0,75 EPiypa0e + 12 KWh/m?anno
0.75 EPijpz010+ 12 kWh/m?anno = | CLASSE C,, < 1,00 EPi; 0050 + 18 KWh/m?anno
1,00 EPi;_s01g- + 18 kKWh/m?anno = CLASSE D, < 1,25 EPiyp00e + 21 KWh/m?anno
1,25 EPiypape+ 21 kWh/m?anno = | CLASSE E, < 1,75 EPigpagse + 24 KWh/m?anno
1.75 EPijymzaro+ 24 kWh/m*anno = | GLASSE F, < 2,50 EPiypaese + 30 KWh/m?anno
CLASSE Gy = 2,50 EPijmzgre + 30 KWh/m?anno

3. DIAGRAM OF GLOBAL AND PARTIAL PE J

CO. emissions
...(kgCO,/ m* yr)

Achievable EP

HEATING EP
(kWh/ m? yr)

COOLMNG EP
(kWh/m? yr)

HOT WATER EP
(kWh/m? yr)

Figure 2. Energy Performance (EP) for each end use and overall performance are
expressed graphically in the EPC using this format. The maximum allowed EP (EP
limit) is displayed as a line in the heating EP diagram.
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At present EPg is calculated as the net energy required to maintain the comfort conditions of T =
26 °C inside the building during summer season: there are no specifications to calculate the primary
energy consumption for cooling. This EPe has to be reported in the Energy Certificate and
Qualifying Certificate: for residential real estates with floor area less than 200 m? this evaluation is
discretionary, as long as they use the simplified method for the energy consumption during winter
season. A performance summer rating equal to level V (the lowest efficiency) will be attributed to
these properties.

There are two methods available to calculate EP.: the first and quickest way is based on UNI/TS
11300 part 1, and calculates the EPe i,y expressed in kWh/m? year as a ratio of the thermal energy
required to keep the comfort conditions inside the building and the net floor area of the heated
volume.

In the case of existing buildings with A, less than 1000 m? it is possible to use a second method
based on UNI EN ISO 13786 with an energy rating considering a dynamic thermal analysis of
heating process.

The requirement is the same for all kind of buildings, based on the assessment of two parameter:

- attenuation factor Fa, adimensional coefficient given by the ratio of the module of dynamic
thermal transmittance and thermal transmittance in stationary conditions;

- phase shift S, expressed as the delay (hours) between the maximum heat flow incoming in the
heated volume and the maximal external temperature.

The tables providing the requirement values for Fa and S and relative energy categories are attached
in Appendix.

In the case of apartment blocks, certification concerns the single flat: multi-family buildings get the
certification from the EPC of the whole building, of from groups of similarly performing flats. In
the case of single apartments with autonomous system or heat accounting a single certificate for the
apartment has to be issued, based on its shape factor; for flats located in buildings with a centralized
boiler and no heat metering, i.e. apartments in old condominiums, the EPC for the single flat can be
derived from the EP of the whole building by dividing with charts based on the floor area of the flat.
For apartments with centralized heating system which had major renovations or installation of
regulation systems the calculations is similar to the autonomous case, by taking in account standard
values for the efficiency of common systems.

It is also possible, for buildings of less than 1000 m?, to avoid certification by declaring that they
have the minimum requirement, class G, due to high energy costs. Buildings without heating and
domestic hot water systems are also obliged to have certification performed, with substantial
simplifications in the procedure.

It has to been reported that the regionalization of the ECB system has produced some positive and
some potentially negative aspects. Among the positive aspect there is the valorization of local
initiatives which started before the existence of national guidelines, and that have become examples
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of best practice for the whole country, above all the CasaKlima/KlimaHaus system developed by
the Bolzano/Bozen autonomous Province. On the other side, this regional approach produces lots of
differences in the identification of the final building category for the building designers moving
from one area to another of the country, considering the high number of regions and autonomous
provinces in Italy. There are difficulties in the circulation of Qualified Experts from one Region to
another, and uncertainty in the market about the real significance of a certain building class for
buyers coming from other Regions. The national rules are effective until a Region produces its
regional legislation, furthermore the Region has to organize training, accreditation and so on. The
main differences among the 10 issued regional systems are summarized below.

Region

EPBD
Art. 3

EPBD
Art. 7
Certification

EPBD
Art. 10

QEs

Valle d'Aosta

Methodology

Assessors: training
with examination or

experience.
Piedmont EPC is annexed to the sale and -
rental contract (+ fines).
Ho class G declaration.
Lombardy Slight deviations from EPC is annexed to the sale and Assessors: training
UHI-TS 11300, Official rental contract (+ fines). Ho with examination
SW tool. class G declaration.
Liguria Official SW tool. Ho class G declaration. -
Aut, Pr. Official SW tool. Ho class G declaration. CasaClimal KlimaHaus
Bolzano Reference to EM 832. Agency exercises

The classes are
related to absolute EP
values.

control.

Aut. Pr. Trento

The national guidelines apply,
therefore rental is excluded.

Emilia The classes are EPC is annexed to the sale and Assessors: training
Romagna related to absolute EP remtal contract. Mo class G with examination or
values, not to declaration. The notary has to experience, but also
rinimum EP. annex the certificate to the sale registration in
act. professional boards.
Tuscany Class G if EPC is missing. -
Apulia EPC does not apply to sale and

rental.

Friuli Yenezia
Giulia

An energy-environmental
classification (VEA) is used for
building certification.

Training courses
started in 2010,
certification is
postponed to
Hovember 2011 {new)
and January 2012
{sold and rented).
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2.9 Impact of the EPBD at regional and national level

During the transactional period from 2006 to 2009 more than 2 million “certificates of
qualification” were released, paving the way to the EPC; at the end of this period, new EPCs have
been issued in the Regions that had produced their own legislation, while other Regions lagged
behind.

EPC in the 2006 2007 2008 2009 Total
transitional
phase
Hew 110,000 315,000 295,000 255,000 975,000
construction
Sales - 60,000 240,000 640,000 940,000
Renovated flats - 106,000 102,000 20,000 228,000
(55% tax credit)
Renovated flats - 650 1,200 1,650 3,500
(FV Premium
tariff)
2,146,500*

*more than 8% of existing buildings

365,000 s
g hgm_‘ Regional

101,566 = | tte R 114,600 legislation

. Fomazns issued, but just
' —— started or not
yet
implemented.

26,133

Sicila

Figure 5. Number of EPCs issued in the first five Regions and Autonomous Provinces

that organised their Energy Certification of Buildings (ECB) system, and indication

of the other 5 Regions and Autonomous Provinces that have issued legislation, but
not yet fully implemented a certification scheme.
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Certificates can only be issued by Qualified Experts (QE): they may be architects, engineers and
technicians with a secondary school technical degree, duly qualified and recognized by their
professional associations. When required, the QEs have to attend a training course arranged by
special organizations accredited by the Regions and in the end they have to pass an examination.
There is a list of accredited QEs available to the public at the regional websites which is regularly
updated.

Administrative penalties are foreseen for assessors’ non compliance with the certification rules
(30% of invoice), misconduct (70% of invoice and communication to the professional association)
or falsification of the certificate (fine ranging from 500 to 3’000 €). There are also penalties for the
work supervisor in case of omission of the compliance declaration (50% of invoice and report to the
professional association), or in case of falsification of data (500 € or imprisonment of up to 6
months), and for end users, for not assuming the responsibility of producing and delivering the
certificate (fine ranging from 500 to 3’000 €).

As said for Hungary, the national regulations on energy savings are continuously evolving, and so
the minimum quality requirement are updating and becoming stricter; however, this process is
difficult because of the differentiation of climates and shape factors.

Taking climatic zone E and a shape factor (ratio between envelope surface to heated volume) of 0.5
as an example, the first EP legal requirements on building energy performance stated in 1993,
which can be assumed as approximately 120 kWh/m? year, as final primary energy needs, and this
value has been reducing to 87.5 in 2006, to 80.5 in 2008 and to 71.2 in 2010 (figure below).

140
120

100

0o
-
L

60

EP [kWh/m? year)

40

20

1990 1995 2000 2005 2010 2015

year

Figure 12. Decrease of the maximum legal EP with time.
(Final energy consumption, climatic zone E, shape factor 0.5)

The impact of EPBD on employment is difficult to assess, as the professional dealing with EPC of
buildings are also involved in more conventional activities (second jobs). Nevertheless it can be
stated that the implementation of EPBD, by training Qualified Experts, has increased the number
and quality of architects, geometers and technicians who deal with buildings, but who had no
familiarity with aspects of energy performance.
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There is a larger number of companies specializing in low energy buildings, both for new
constructions and for renovations: some clusters of enterprises are appearing on the market to
provide a complete and skilled offer for major building renovations.

EPBD will be able to provide significant benefits only if it will be properly supported by financial
incentives regarding the improvement of existing buildings, considering that new and renovated
buildings, like in Hungary, represent a very small share of the entire building stock.

A main challenge is to make the public aware of their real energy use. There is a still a widespread
sense of misunderstanding and ignorance among the consumers about:

- How much energy are they consuming in their buildings, which makes it difficult to understand
the benefits of energy efficiency measures;

- What are the available energy efficiency measures, which renewable technological solutions and
opportunities can be adopted realistically in their dwellings.

This situation is slowly getting better thanks to the government’s continue promotion of these
technologies through the media and the energy market.

These obstacles can be exceed with developments of the certification system for the short and
medium term, that can be summarized in:

@)

Improving the regional IT platforms supporting the ECB, including online audit reports, data
entry validation and automation of the Quality Assurance (QA) process;

o Reinforcing the QA scheme, increasing the number of light checks on input data and some on-
site random verifications;

o Providing additional training for system designers and installers, concerning efficient HVAC,
DHW and RES systems, as well as more effective auditing techniques;

o Developing a simplified methodology for periodic inspections of air conditioning systems;

o Developing technical specifications for artificial lighting certification in tertiary sector building;

o Developing an efficient monitoring system of ECB at national level, based on input of the
Regions and Autonomous Provinces, in order to detect the level of homogeneity of operations,

costs, and methods adopted in different parts of the country.

The experience acquired so far will certainly be of great help to achieve the ambitious EPBD
goals, and also to reach the final aim of the Net Zero Energy new buildings estimated by 2020.
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CHAPTER 3

ENERGY ANALYSIS OF AN EXISTING BUILDING

After a proper introduction of the content of EPBD, its goals and its implementation in Hungary,
let’s now see a real example of energy certification. The analysis is conducted on an existing
building located in Debrecen inside the University Main Campus, “Elettudoményi Kozpont és
Konytar”: it is a library and meeting center of the faculty of Life Sciences built in October 2005
together with the next Laboratory Building.

The building has 5 storeys and it is a mixed-use real estate with a cafeteria on the ground floor,
offices and common spaces on the upper floors and a library storing books in the basement
floors.
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3.1 Building data and first calculations with a simplified approach

The building is located in Debrecen, in the north-east of Hungary: to have an idea of the climatic
conditions here above are summarized the major Hungarian cities with relative duration of heating
season and degree days. The building has a rectangular plant, with the two major fagcades oriented to
North and South, the first one is almost completely covered with glazed elements supported by
extruded aluminum profiles. Right next to the east facade the designer decided to erect a concrete
structure with a green copper patina cladding jointed to the rest of the building by an extension on
the roof, with fountains on the basement. The library was part of a major project and was built
together with the opposite building, a bigger academic Research Centre with laboratories, university
classrooms and offices. This building, called Laboratory Building, will be quoted later considering
that the cooling machines that supply our building are located on its roof.

Location Budapest Debrecen Miskolc Pécs Nyiregyhdza Békéscsaba Sopron Becs

No.

Days 188 200 201 187 203 187 205 211
Dgg;:e 3061 3353 3414 2650 3372 3001 3283 3500

The high-performance glazed elements are all manufactured by “Gastaldello Sistemi” for the north
fagcade and for the windows and doors of the cafeteria on the ground floor, while the windows for
the offices are normal double-glazed elements supplied by a local company.

The energy certification procedure, as said before, is based on the Ministerial Decree No. 7/2006.
(V.24.) TNM issued by the Minister of the Interior and its government members. The latest update
of the regulation was published in the Hungarian Gazette on July 2012, and entered in force on 12"
August 2012, annex 40/2012 V111.13.

The regulations gives all the requirement for U-value, specific heat losses qm and primary energy
consumptions; these calculations require several numerical computations, and the normative
provides all the physical quantities involved and all the factors to accomplish their calculus with
numeric tables and charts. All the quantities used during our work are reported in Appendix, while
the full Hungarian Specification can be consulted as indicated in the References. The document
reports also numerous technical specifications to reduce energy demand of ventilator, by improving
insulation of air ducts and limiting pressure drop as indicted in EN 13779.

It is also reported, as indicated by EN 15251 standard, a table with design values of the internal
temperature that have to be used depending on the building category.
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The first calculations accomplished were the determination of all floor areas and vertical facades,
all referred to the internal dimensions of the building; furthermore the heated volume was
calculated, and so the shape factor which will later provide the requirement gp,.

Net floor area: A, = 3829,47 m?

Total envelope: > A =3651,17 m?

Heated Volume: V =12303,8 m®

Shape factor SA/V=10297m"

These results were obtained by consulting the plans of the building; this preliminary work required
time and energies due to the translation from Hungarian original project. All the building elements,
floors, walls, windows and roof were analyzed and their thermal transmittance was calculated using
the thermal resistance of the elements and the convective resistance provided by the Hungarian

normative for walls, ceilings and floors. The first requirements limits the U-value of every element
to an admissible value reported in the table below:

Admissible values for heat transfer coefficient

Building element Heat transfer coefficient,
U [W/m?K]
External walls 0,45
Flat roofs 0,25
Ceiling on the cellar 0,50
Walls between heated and unheated rooms 0,50
Attic ceiling 0,30
Floor on the soil 0,50
Windows with wood or PVC frames 1,60
Windows with Al frames 2,00
Roof windows 1,70
Entrance doors, or doors between heated and unheated rooms 1,80

All the elements satisfy the requirement, except for the floor on the soil Pyp; that does not meet the
requirement with a U > 0.5 W/m?K.

It is time for the second level of requirements which assess a limit for the specific heat losses gm,
depending only by the shape factor Y’ A /V.
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These admitted values are provided by:

TA/V <0,3 g, =0,2W /m°K
03<ZA/V <13 g, =0,086+0,38(ZA/V )W /m*K
AV >13 g, = 0,58W /m°K

or using the diagram from Figure 1.

0,7

0,6

0,5 —
0,4 —

Uy, [WITPK]

03 -

0,2

0,1

(0]
o 010203 040506070809 1 11 12 13 1,4

AN, [mP/m?]

Fig. 1 Requirement for specific heat losses

In our case the requirements is:
Om = 0,20 W/m*K

The specific heat losses of our building will have to be at least equal or lower than this value, and
they can be calculated with a simplified method as:

q=\%(ZAU +Z‘PI—%) W /mK

Eqg. 3.1

In this expression the first factor takes in account the heat losses through the envelope, opaque and
transparent, the second the thermal bridges and the third considers the direct and indirect solar
gains.

The first factor has to be calculated considering the different transmittance of every external walls
and the relative opaque surfaces, and the glazed surfaces of the windows with their transmittance.
The influence of thermal bridges has to be taken in account, calculating their total length and the
ratio between total length and facade surface.
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The thermal bridges are edges, joints between external wall and internal wall, external walls and
ceilings and the perimeter of windows and entrance doors.

From the ratio Y 1/ Asacade It IS NOW possible, as suggested by the normative, to correct the U-value
of the opaque elements with a correction factor for external walls:

U ananr =Y wan (1+ Z)
Eqg. 3.2

Our building has two floors under the ground: for these basement floors the heat losses through the
envelope are not taken in account as usual with the product of a transmittance per opaque surface.
The regulation standard, based on studies on heat losses for underground spaces, establishes that the
heat transmission losses have to be considered by using a fictive heat transfer coefficient ¥, one for
the floor on contact with the soil, depending on the thermal resistance Ry of the structure (i.e. Pyp1),
and one for the external walls depending on their U-value. For the two basement floors the heat
losses will be expressed as thermal bridges losses:

D_o1,-02 = Yw * Pint + ¥y * Pt W/K
Eq. 3.3

In the upper equation v, and 1, are fictive heat transfer coefficient for external walls and
basement floor, P;,; is the internal perimeter of the underground storeys.
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Now that all the heat losses have been taken in account it is time to decide whether or not take in
account the solar gains; it was decided to go on with a two-side parallel calculation, one case with
and one case without solar gains. This decision reflects a lack in the regulation procedure: indeed,
the normative allows certificate technicians not to take in account solar gains with a simplified
method. This aspect is extremely dangerous, because it can lead, for the same building analyzed
with or without solar gains, to a different energy category. Thus, the certification loses its
uniqueness and utility as standard to make comparisons, becoming misleading and useless for
building owner or sellers.

After this important clarification, let’s calculate the direct solar gains through glazed elements,
given by:

Qsa = € X AygQror kWh/a
Eq. 3.4
where ¢ is the utilization factor for solar gains, depending on the thermal mass of the building:
heavy building: € = 0,75
lightweight building: € = 0,5

The heavy and light structure category is established in function of specific thermal mass of the
building (total thermal mass/heated floor area):

m > 400 kg/m? heavy structure building
m < 400 kg/m? light structure building

The total thermal mass for a building can be determined using the following equation:

M = ZzpijdijAj [kg]
U

Eq.3.5

where: pj; — material density of layer i in the building element j; d;; — thickness of layer i in the
building element j; A; — area of building element j. The standard calculation for thermal mass
imposes to take as thickness 10 cm for all the internal and external walls; this thickness of 10 cm is
calculated from the first layer of the inner surface to the centreline of the wall. If the wall is
insulated, the thickness is calculated from the inner surface to the insulation layer. This standard
considers that most of the heat transfer occurs in the early layers of the structure, which is the only
active thermal mass involved.

The building is a heavy structure as it can easily be calculated.
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In the equation 3.3 Ay are all the glazed areas, g is the total solar energy transmittance for the
glazing elements, provided by the suppliers in the catalogues, and Qi are the specific solar gains
during heating season, expressed in kWh/m?a.

Orientation of the facades N S E-W
Solar gains, [kWh/(m*a)] | 100 400 200

The indirect solar gains through stairwells, transparent insulation and solar spaces have to be
determined using MSZ EN ISO 13790 standard (EN 832), but since none of these elements present
a relevant solar gain in the building they are ignored in our calculations.

As said before, using the simplified method also the direct solar gains can be neglected: as it can be
seen in this case the value of specific heat losses will be higher, and this leads to a higher value for
specific primary energy consumption for heating. The solar gains can be taken into account only
when the transparent surfaces are “seen” by the Sun at least 4 hours per day.

In the first case without solar gains the specific losses are:
1 3
q= V(Awa” - Urwait + A * Upindows + Aroos *Ur + Ag - Ug + ¥ - 1;) = 0,198 W/m3K

Eq. 3.6

In the second case this value has to be decreased by the direct solar gains; they are divided by 72,
which is the conventional number of thousands of degree days, calculated with a limit temperature
for using of heating of 12 °C and a At of equilibrium equal to 8 °C. It follows:

! Qsa
q= V(Awall *Urwan + Ay - UWlniiows+Aroof'Ur+Ad Uy _|_l.p.lf _7%) = 0,137 W/m3K

As it can be seen, in both cases the requirements is fulfilled.

The procedure considers now the yearly energy consumption during heating season Qg, calculated
by three steps, each one more in-depth. Firstly:

Qr = 72V(q + 0,35n)0 — 4,4ANq, [kWh/a]
Eq. 3.7
In the expression above, the air change rate n of the A/C system is an average value based on the
user profile and provided by standard tables , ¢ is a correction factor considering the intermittent
operating mode of the ventilation system, A, is the net floor area already calculated and qy

represents the sensible internal heat gains W/m? provided for the three categories of the normative.
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Considering that the main function of the building is a public library and meeting point, the value
for qp is taken as if it was an office building.

In a second step the energy need is corrected by considering the effective length of heating season,
based on the real degree days curve and number of hours during heating season.
So the energy consumption is:

Eqg. 3.8

We have to determine H and Z; : these two quantities are function of the inner-outer temperature
difference, considering that the heating system, to maintain the comfort condition of 20 °C inside
the heated spaces, is switched off when the external temperature is equal to 12 °C.

This balance point difference temperature is given by:

Qsd + Qsid + ANCIb
At = 2 K
b 2AU+Z]LP+O,35nV+ L]

Eqg. 3.9

The ratio is between the free energy sources and the thermal losses through the building elements
and ventilation systems. The sum ), AU is referred to the external envelope with walls and roof, the
basement floors are considered only with the product ) IW¥ related to the thermal bridges, but are
not taken in account with the envelope since no people are allowed there and they can be considered
unheated spaces. The ventilation losses are calculated with a value n for air change per hour that is,
as said before, an average based on the usage time and provided by standard tables. With At,, it is
now possible to determine the real degree days H and hours during heating season Zg from the
diagram 3.1.

Now that we know the real values for the duration of heating season, we will use the same ¢ value
seen before to take in account the discontinuous operating mode of the A/C system, and as well the
same air change per hour n and we are able to determine the consumption with the second step.

The internal gains contribute is considered only for the floors above the ground, with a value Ay
lower than the net floor area of the whole building. This decision has been taken considering that no
people are present in the two basement floors: in these spaces there are only books shelves, with
two employees that spend a few hours per week in catalogue mansions. Since no sensible heat flows
are produced, these floors do not affect the production of internal gains.
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Diagram 3.1

The third and last step goes into-depth of the calculation, by considering differently all the thermal
losses:

ZF - ZLT _—
—| 0 + O,35nLTV(ti - tbef)ZLT - ZFANQb [kWh/a]

QF = HV q+ O,35ninf 7
F

Eq. 3.10

In 3.10 the first quantities considered are the specific losses g, with and without solar account, and
the ventilation losses calculated only when no people are inside the building. During this period
only the air change is provided by the HVAC system, with a lower air change rate n;,, equal to the
standard for office buildings.

The number of operation time for the ventilation system Z,; is a design choice, affecting the
percentage of heating that will be covered by the air conditioning system. For our building,
considering the huge volume, the ventilation system is also conditioning the air, operating 17 hours
per day. Therefore Z, will be, considering that the A/C system is covering part of the heat demand:

Zir = —-17 hours



It follows a value of 7 hours per day when no people are inside the building and the heating is
switched off.

It has to be considered also the energy wasted when the A/C system is running, caused by the
temperature difference between the set-point inlet temperature ti = 22 °C and the real inner
temperature of the spaces. The latter one, i.e. t,.r, has been calculated as an average internal
temperature weighted on the volumes of all the heated spaces served by the A/C system during the
heating season, and has resulted equal to 20.8 °C. Considering this last data, the needs of energy
during heating season are:

QrF1=107173.63 kWh/a without solar account
Qr>=72919.9  kWh/a with solar account
And a specific energy need for heating of:

qr = 3—2: 28,15  [kWh/m?d]

qf solar = 19,14 [kWh/mZa]

At this point the calculation goes on with the third level or requirement, that requires to calculate
the primary energy consumption for the building. We have to keep in mind, however, that the
library is a building that does not fit into the three categories disposed by the Hungarian regulation.
We can’t say, indeed, it is an educational building considering the presence of a bar-cafeteria and
offices all over the floors, and nevertheless we could say it is only an office building.

In these cases the absence of requirements for primary energy allows the designer to fulfil only the
first two levels of the calculation. We can affirm, then, that the library meets the requirement for
building element U-value and specific heat losses, but how can we give an energy certification?

We need first of all to assess the primary energy consumption of our building, and then we will see
how to “create” a requirement to compare to the primary energy consumption we have calculated.

=21,1°C
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3.2 Power plant and Primary Energy consumption

The calculation of primary energy consumption, which will allow us to issue the Energy Certificate
and give an energy category to the building, is broken down by considering the different service
systems which provide energy: heating, cooling, domestic hot water and lighting.

First of all we have to analyse the power plant to understand how the energy is produced and
handled from the production site to the users.

The building under analysis is supplied by district heating, therefore its power plant is simpler and
less bulky than a standard centralized production plant. The district heating supply circuit provides
superheated water at 125 °C: the supply flow is split between DHW and heating production with
two plate heat exchangers, and then comes back to the D.H. return pipe at 70 °C. The mechanical
room is located in the cellar, and as it is clear from the image below it contains a storage tank to
accumulate DHW and the primary hydraulic circuit with supply and return pipes from district
heating, water pumps for the terminals, 3 and 2 ways valves and regulation devices. All the water
pipes in the circuit share a common expansion vessel, that is well visible in one of the following
pictures next to the DHW tank.

70



ELVI KAPCSCLASI RAJZ

e £ 32
bt & o
@ 1 = 8
peimer gloremend 125C E ey q =3
e § — -
NAGS . b 8 = ' =
= 1 -
z % g
- b
2
uAs /4
| [ B OGAATAARE IERE S IICT R S s 1
A 1 v
v ] I,
melegeiz fogyasztlk : ).’.
H r(;;-\
! n >
]
E
NAT™ § |
i ];’Jl‘_L; = i
\i NAZS :g/ 5
HASD L 4
3 \ 2 Az
oy w2 =g
8 €2 : 11, NAO L NABS Z
3 g AL Dad—Das (I =
HRY tormelés = | 2 > & [ FoNS —l
¢ [ { .-__‘i’;.i). .,-n-7«lx"f\. » {A N\ o
R J | g T Hm — '}_"L‘L
< NAES 2 -
o - == LCH XD @
'l - :r ;Fl‘_ ....... wed
o |
= 1
hidegviz beldpts 2 o }
o G et I
NAG/4" < !
'
)
: a U isd
! 58 5 iy
e @ 21 =L L :“r;. £ |
primer wiss20l&rd 70T Hm =1 =1 =
R s —— NEr N
NAES [ HOS | gl terd
S5D b |
o ot NI
usa a4 1 !
Yiox
= F%xi3
s T o s e
e e e e e | o s v e e 3 | |
cualickoeSs o Clotludomdngl Epdletttd NA1SO b | N&200 | i
o Aot S ke PR o SIS ey e
s

The heat gain, considering the design of the building, is supplied by a combination between water
and air terminal: radiators and fan coil in the offices, floor radiant panel system combined with air
vent and diffusers for the library open spaces and ground floor.

The HVAC system provides to the ventilation and air conditioning: thermal comfort and indoor air
quality are guaranteed during the heating and cooling season using 3 Air Handling Units installed
on the roof that, respectively, serve the upper floors, the underground floors and the toilets and
cafeteria. As said before, the offices are served by radiators and fan coils, while the rest of the
building is served by primary air: the air inlets through diffusers on the ducts for the basement floor,
through air vent integrated in the columns for the floors above the ground. The extraction of the
exhausted air flow rate is supplied by air-grilles.

The plans and sections of the building were fundamental to understand how the H&C are produced.
The heating plant has a primary and secondary circuit with two collectors, as they are always
required to balance the water flows to the users, one for the supply line and one for the discharge.
The same happens for the cooling circuit as well.
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In the image above it can be seen the mechanical room, with all pipes, pumps and valves that are
insulated to minimize circulation heat losses. The expansion vessel in the image down here.
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There are also two server rooms on the 3™ floor and one in the basement which require cooling and
are served by air split conditioner that we will analyse later. All the open spaces on the floors above
the ground are heated by a radiant floor system, while the offices use radiators; the heating is an
air/water combined system, with air terminals, fan coils and air diffusers, that ensure the comfort
conditions and the air change throughout the building.

We report also the use of natural convection coils on the upper floors: they are located around the
perimeter next to the facades. These air/water terminals are specifically used to ensure comfort on
the open spaces by heating up the cold air with an exchange battery; the warm air now circulates by
natural convection all over the inner space. These modules have to be installed in proximity of the
external walls but with a minimum distance to the glazing elements to avoid superficial
condensation of the warm air.

In the two basement floors as said before no people are allowed to stay, and the spaces are entirely
occupied by books shelving; in these floors there are the electrical room, the mechanical room, a
server room and two small restroom with toilets and wardrobe for the office employees. The only
services on these spaces are the air ventilation, that is always running to maintain the comfort
conditions and to prevent damages to the books, the air extraction in the restrooms and the cooling
of server room. That is why, as we will repeat later, these two floors are taken in account in the
active volume for ventilation but are not taken in account for the internal gains since no people are
there.

We will now present the heating and cooling systems, using both thermal and normal photos.

In the inside and outside spaces the thermo camera allows to see where the losses occur with a
spectrum that changes colour depending on the surface temperature. It is only a qualitative measure
to give the idea of how and where heat losses affect the energy performance of our building.
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3.3 Primary energy consumption for heating

The primary energy consumption for heating is calculated as following:

Er = (g5 + qen+ 450 + arr) 'Z(Ck ~ay - ef) + (Eps; + Epr + qrv)e,  [kWh/m?a]
Eq. 3.12

The building is served by a district heating network which provides hot water without the necessity
of installed boilers, heat pumps or other generation systems. The efficiency of district heating
depends on how it is managed, in our case the heat is produced largely by cogeneration with gas
turbine in a CHP power plant located in Debrecen and in a minor part, to avoid breakdown in case
of interruption of the service, by a generator with gas thermal engine installed on the basement of
the neighbour building and connected to the heating distribution system.

The heat terminals, with their operative supply and return temperature, are: radiators 75-55 °C,
convections floor modules 45-35 °C, fan coils 75-55 °C and radiant floor panels 45-35 °C.

In the case of district heating the power factor Cy, which represents the inverse of energy production
efficiency, is equal to 1,01; it is a very high value, which corresponds to an efficiency of 99,99%.
Thus, g has already been discussed, while gy, represents the specific heat losses caused by the
control system that is necessary to turn on and off the terminals; in the current case the system uses
a proportional-integral PI controller, a common loop feedback mechanism measuring the difference
between the temperature inside the heated space and the set-point temperature.

The heat losses in the distribution system are considered with g ., depending on the power plant: in
our case the pipes of the hydraulic circuit are coming from outside of the heated space, because of
the use of district heating. That’s why no heat storage is operating, with no energy and electricity
needed, and so the two terms qf . and Ef, ,which represent the heat losses due to storage tanks and
the electricity needed to manage them, are equal to zero.

To complete the formula above, ax are the share of each source in the energy mix to produce the
heat, in our case they are cogeneration with gas turbine and diesel motor with a share of 80% and
20% respectively, while ef are the energy transformation factor from thermal energy to primary one,
provided by opportune table (see Appendix). The second addend represents the electricity used in
all the devices and mechanical systems, first of all the circulation pumps with Egrg,, that is given
depending on the net floor area Ay, the At used in the terminals and the type of pumps, variable or
constant speed (in our case they are inverter pumps). The auxiliary energy demand, eventually,
represented by g, ,, is neglected because of district heating does not require any auxiliary plant. The
electricity conversion factor is e, equal to 2,5, which means an average efficiency ne 0f 40 %, .
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Before analysing the other contributes to the primary energy consumption, it has to been
emphasized the extremely high value for district heating efficiency, equal to 99,9%.

This value was decided by the regulation supervisors, and does not reflect the real situation of
district heating in Hungary, since such value of efficiency is not realistically feasible. It is a decision
to encourage the use of district heating in the building service systems, to avoid the proliferation of
single heating system with gas boilers for residential flats and single houses that are less efficient
than cogeneration power plants and produce CO, emissions by the combustion of fossil fuels. It
also helps to reduce the use of natural gas, that has to be imported, and represents one of the most
expensive energy asset. As a matter of fact, it is a political decision that affects energy strategies
and economy development. For the same reason also the primary energy transformation factor for
district heating are lower than any other energy sources, no matter how the power plant is handled (
gas or steam turbine, gas engine, ecc..). If we give a look to the table for DH primary energy
transformation factor in Appendix e ranges between 0.86 and 0.26: this means that 1 kWh of heat
generated in a DH plant is more valuable than 1 kWh of primary energy.

In other words here’s a strong effort to promote the widespread application of district heating in the
building service systems. This consideration about the efficiency and primary energy will be
fundamental when we will analyse the possible energy saving measure.

288°C

— 26,0

— 25,0

— 24,0

— 23,0

22,8°C

It can be seen above the radian floor panel system and below the engine generator GP 380 A/V,
producing both electricity and hot water using a diesel motor VVolvo Penta.
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3.4 Primary energy for DHW

q ; q }
Eymv = quuv(1 + Izzggv + ;Igg t) 'Z(CkakeHMV) + (E¢c + Ex)e, [kWh/m?a]

Eq. 3.13

The production of domestic hot water is demanded, as repeated so far, to the district heating, which
provides hot water in pressure at 125 °C in winter and 60 °C in summer, running in a plate heat
exchanger to warm up the cold water coming from the aqueduct. This indirect heating is used to
preserve the quality and to avoid contamination of the hot water that will be used in the building
facilities (showers, washbowils, kitchen sink..). A recirculation circuit is installed to respond quickly
to the users demand, and a 1200 liter storage tank is used to accumulate the hot water, so that the
production time is reduced and the users demand is always satisfied without a continuous
production that would require much more energy.

Back to the formula, once again gy, iS a factor given by standard, depending on the category of
the building, representing the specific energy demand for hot water (kWh/m?a); in fact, this
consumption has to be increased by all the losses, first the ones in the distribution system,
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qumv » Which uses hydraulic pumps with recirculation circuit, with pipes placed outside of the
heated volume, since they come from the district heating network.

On second hand, the losses in the storage system are considered, gy . depending on the location
of the storage, inside or outside of the heated volume, and the technology used to heat up the water;
in our case the tank as said is outside the heated volume and is heated indirectly. As seen before,
these specific need for energy are opportunely multiplied by the efficiency of their processes, which
is the same of heating, shared by cogeneration in district heating plant and gas generator. The term
Ec takes in account the electricity absorbed by the electric engine of circulation pumps, depending
on the net floor area, while Ex considers the auxiliary power demand, that is neglected once again.
The Eypyp is now assessed.

3.5 Primary energy for HVAC systems

The primary energy consumption for HVAC is the most complex term to be correctly assessed,
because of the multiple sources of thermal losses and energy absorbed by ventilators and auxiliary
devices. Let’s remind that our building has an A/C system with three Air Handling Units placed on
the roof that guarantee the air change during all the day and the air conditioning during the opening
hours, for winter and summer season. The air ducts carry the inlet flows inside the spaces, through
fan coils, diffusers and air vent, and then pick up the outlet flows which are headed through the
expulsion channel to the outside and through the recirculation channel to the AHU. The expression
for the primary energy consumption is the following:

1
Epr = {[QLT,n(l + fLT,sz) + QLT,v]CkeLT + (Event + ELT,S)QU}E [kWh/m?al]

Eq. 3.14

77



Considering the high flow rate and the high number of hours for heating season heat recovery
systems were installed in the AHU: they are heat pipe exchanger with a seasonal efficiency of 42%.
Aheat pipeis a heat-transfer device that combines the principles of both thermal
conductivity and phase transition to efficiently manage the transfer of heat between two solid
interfaces. At the hot interface within a heat pipe, which is typically at a very low pressure,
a liquid in contact with a thermally conductive solid surface turns into a vapor by absorbing heat
from that surface. The vapor then travels along the heat pipe to the cold interface, condenses back
into a liquid, releasing the latent heat. The liquid then returns to the hot interface through
either capillary action or gravity action where it evaporates once more and repeats the cycle. In
addition, the internal pressure of the heat pipe can be set or adjusted to facilitate the phase change
depending on the demands of the working conditions of the thermally managed system

It is a very efficient transferring mechanism because latent heat is exchanged ,with higher heat
fluxes that can be up to 230 MW/m?.

In HVAC systems, heat pipes are positioned within the supply and exhaust air streams of the AHU:
the heat is recovered by a multi-row finned heat pipe tubes exchange battery located within both the
supply and exhaust air streams. On the expulsion side of the heat pipe, the exhaust air warms the
refrigerant that evaporates. The vapors move towards the cooler end of the tube, where it condenses
and gives up its heat to the supply air. The condensed refrigerant returns by a combination of
gravity and capillary action in the wick. In this way heat is transferred from the exhaust air stream
through the tube wall to the supply air stream, that is pre-heated. This means a reduced capacity for
the warm exchange battery, that will be smaller and less expensive, with both energy and money
saving.

Heat pipes must be designed with particular attention to the choice of pipe material, size and
coolant, that have an effect on the optimal temperatures in which heat pipes work.

When heated above a certain temperature, all of the working fluid in the heat pipe will vaporize and
the condensation process will cease to occur; in such conditions, the heat pipe's thermal
conductivity is effectively reduced to the heat conduction properties of its solid metal casing alone.
As most heat pipes are constructed of copper (a metal with high heat conductivity), an overheated
heat pipe will generally continue to conduct heat at around 1/80 of the original conductivity.

In addition, below a certain temperature, the working fluid will not undergo phase change, and the
thermal conductivity will be reduced to that of the solid metal casing.

To avoid this situations with efficiency collapse the working fluid has to be chosen depending on
the operational temperature range of the application. The lower temperature limit typically occurs a
few degrees above the freezing point of the working fluid.

Anti - reflekad réteg

Abzorber fedet

Infravéeds - reflekcio réteg
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The yearly demand of heating to the ventilation system is now decreased, since the air is pre-heated
before entering in the AHU, and it can be expressed with:

Qurn = 0,35Vn,r(1 - nr)ZLT(Ebef - 4) kWh
Eqg. 3.15

To accomplish this calculation it is required the exact value of the number of hours for ventilation
during heating season Z;;: they are calculated from Z considering a runtime of 17 hours per day,
value given by the technical operator manager of the building and already calculated (see Eq. 3.10)

Coming back to 3.14, Q,r, is increased in percentage by fr s, , which represents the losses due to
the joints in the air ducts, given by tables depending on the central or local control of air parameters
and on the inlet air temperature, above or less 20 °C.

There are also losses distributed along the air ducts due to the different inner - outer temperature
and depending on the geometrical size and way of installation of the ducts, inside or outside the
heated spaces; they are taken in account with Q;r ,,, expressed with:

Qury = Ukorly(C1koz — tiar) foZir circular ducts
Eq. 3.16

Qrrv = Upsz2(a + b)lv(tl,kdz - ti,dtl)vaLT rectangular ducts
Eq. 3.17

In the expressions, U,z and U, are fictive transmittance , respectively in W/mK and W/m?K,
tabulated depending on diameter of the duct, velocity of air and insulation layer thickness. The inlet
temperature ¢, ., is set up at 22 °C, while t; 4, is the average external temperature during heating
season, equal to 4 °C and provided by the normative.

To take in account the eventual extra thermal losses caused by the passage through heated spaces
there is the factor f, , in our case equal to 1 since the air ducts do not pass through the heated spaces
but are integrated in the ceiling frame. Once again the energy efficiency Cj is the same, since
district heating supplies hot water for the exchange batteries, and e, is a linear combination of the
two sources in the energy mix.

It has to be taken in account the electric power absorbed by the ventilators, expressed by:

VirApir
Event = m a,LT kWh,/a

Eq. 3.18

considering every AHU with their inlet and outlet ventilator, its static pressure and its efficiency.
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The efficiency of ventilators is given by standard depending on the air flow rate elaborated, and
Zq 17 s the yearly number of hours of operation of the ventilation system, that corresponds to Z,
since the ventilation is always matched with a conditioning of the air.

It has to be accounted also the energy E; ;s consumed by the auxiliary services: these systems
operate in the transmission, distribution and generation plant, and their consumption is not to be
neglected.

The two services taken in account are: hydraulic pumps and frost protection devices.

The pumps represents the major part of the auxiliary consumption: they are used to supply water to
the hot and cold batteries in the AHU and to supply water to the fan coils. The frost protection
auxiliaries are also very important in a ventilation system: when the inlet air flow enters in the AHU
it comes in contact with the pre-heating battery, and the vapor contained in the air condenses,
increasing the heat exchange with its latent heat. When the temperature of the air is below the dew
point, however, the vapor condenses and immediately freezes on the finned tubes of the battery,
clogging up the channels and decreasing the heat exchange. This process tends to increase its
negative effects, because the valve on the supply line of the battery closes to low down the pressure
and bring back to normal the heat exchange, but at the same time the pressure reduction becomes a
temperature reduction, with a major freezing and the growing of ice blocks.

The air freezing affects also the regulation organs: as the frost is accumulated it increases the
electric power absorbed by the electric engines that drive the shutter and gate valves when opening
and closing, and can eventually cause their breakdown.
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The highest risk is during the startup of the system, when the exhaust air is still cold and the
recovery system is not able to pre-heat the inlet flow, which remains cold and can freeze on the
warm surface of the exchange battery.

This is why electric resistance or hot water flow rates are used to defrost the exchange batteries in
the cooling and ventilation systems; these maintenance operations are scheduled and take time, with
a specific consumption given by the electricity absorbed by the electric motor of the pump used in
the process.

In our building pumps are used to supply hot water to defrost the batteries. The total energy
consumption for auxiliary systems can now be expressed by:

ELT,pumps = Lefi’ Zir + Pe,hil "Mpg T+ Pe,vent ‘Naf kWh/a
Eqg. 3.19

Where P, ;; and P, ,;; are the electric power (W) absorbed by the pumps for the ventilation system,
for heating and cooling, while P, ., is the power of the pumps used to defrost the exchange
batteries in the AHU.

These powers are multiplied for their operation time, which corresponds to the heating season
provided by the degree days curve for the heating, to the cooling season, calculated as well with the
degree days curve, for cooling and a number of hours n,y provided by standard for frost protection.

We have now completed the calculus for the HVAC system energy consumption.

9,6 °C

9,0

80

1,0°C
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3.6 Primary Energy consumption for Cooling

The regulation establishes to calculate the risk of summer overheating, and therefore the necessity
to install a cooling system, by assessing a balance temperature difference:

At o Qsdnydr + ANQb
YA T N AU + X 1 + 0,35n,,4,V

[K]

Eg. 3.20

In the formula the numerator represents the positive incoming thermal gains, while the denominator
provides the losses through the envelope, thermal bridges and the ventilation system.

The ), AU is only referred to the external walls above the ground and the roof, since basement floors
are not living spaces, while the internal gains g, take in account all the upper floors and the server
room in the basement. The ventilation losses are considered only in the spaces where it is possible
an effective air change, and so only the 0,1,2 and 3 floor volumes are taken into account.

82



The value for the air change volume n,, 4, is given by standard depending on how the air change is
accomplished. Indeed, if many facades allow the air circulation the summer overheating will be
prevented, with a lower value for the balance At,,,4, and, consequently, a lower inside-outside air
daily temperature difference. If the windows or doors are attending only one facade, as it happens in
our case since only on the south facade we have openable windows and doors, the value is 3.

It is immediate to understand that if this ratio, expressed as temperature difference, is low, so it will
be the overheating inside the building, with a situation where the solar and internal gains are
balanced by the transmission and ventilation losses, the net heat flow will be very low and the
internal temperature will remain at the comfort set-point of 26 °C. As this Aty,,4, rises, the internal
and solar gains will affect the internal temperature, increasing its value with discomfort situations
that require an intervention of the cooling system. The regulation decided to set an upper limit to the
Atpny4r-depending on the thermal mass of the building: for heavy buildings, if

Atpnyar <3
there is no risk of summer overheating, otherwise a cooling system has to be designed.

In our building the value for Aty,4.is higher of 3, that is why a cooling system was designed.

The cooling demand of our building is satisfied by the Life Sciences Laboratory Building, that
supplies the cold exchange batteries in the AHU for the A/C system. The chilled water is produced
by a package air-condensing machine Power Ciat LX 3400 Z HPS located on the roof of the
building, and carried by water pipes to the cold circuit of our library.

There are also two split conditioners installed, respectively, in a server room in the basement and in
a same one on the third floor, to cool down servers there located. These machines have their own
circuit, with air condenser units placed on the roof. Considering that our building is a library, and
not a technological building or a research centre where server room are usually used, it has been
decided not to take in account these devices in the cooling energy consumption. It cannot be
assessed, indeed, that a public educational building like the one under analysis generally needs
server rooms; thus, they are not necessary and no procedure allows us to calculate their percentage
in the total cooling demand.

This is a simplification that doesn’t affect larger the cooling consumption value, considering the
low power of the two split machines; their energy consumption could be estimated by an energy
audit with a measured rating, but let’s recall we are dealing with an energy certification using a
calculated approach and so we are authorized to ignore it.

The primary energy consumption for cooling is:

:Qhﬁ'zah'ch'ehﬁ

E .

[kWh/m?a]

Eq.3.21
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First it has to be calculated the heat that has to be removed from the cooling machines, that is:

24
Qni = M "Npy (z Anqp + Qsdnydr) [kWh/a]
Eq. 3.22

Let’s proceed with order, since we only know the value of Ayq, so far. Firstly, it has to be
determined the solar gain entering in the building through the glazed elements, that is:

Qsdnydr = ZAUInydrgnydr [W]
Eq. 3.23

Like the solar gain during winter season, there are appropriate values for the irradiance Iy4,
depending on the orientation of the facades:

North South East West

Inyar 85 150 150 150

The glazed facades are already known from the early step, while the transmittance gy, 4, Now has to
take in account the shading elements, which are present on the south fagade that has wire netting
covertures on 1/3 of the windows surface.

We can now proceed by calculating the effective duration of heating season n;;, which depends on
the daily average external temperature t, xzepes:-

texszepes| 16 |17 |18 |19 |20 |21 |22 |23 [24 [25 |26 |27

Nh 110 | 95 80 66 52 38 25 15 8 5 3 1

The external daily-average temperature ¢, xszepes 1S lower than the internal temperature, and
depends on the balance temperature difference Aty 4, already calculated:

le kozepes = 26 — Atbnyc’lr

Eqg. 3.24
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The cooling is required when the internal temperature exceeds the set-point 26 °C which represents
the comfort conditions; by assessing t, kszepes WE Can go in our climatic curve and properly assess
the duration of cooling season. The values are resumed in the table above where we can find n;; ,
and then finally calculate Qy;;.

Back to the primary energy consumption, we still have to set a proper value for Cj, which
represents the inverse of the seasonal energy efficiency of the cooling machines used:

oo 1
" " EER
Eq. 3.25

All the cooling load is covered by an air-cooled condensation package unit located on the roof of
the adjacent building: this machine produces chilled water that supplies the cold batteries in the
AHU.

The EER value is reported, as always, in a table of the Regulation depending on the type of
machine, in our case package air unit. This package machine uses screw compressor, that require
electricity as energy source, and so the transformation factor ey; is again 2,5.

Now we know every single term and the primary energy consumption for cooling can be evaluated.
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3.7 Primary Energy consumption for Lighting

The primary energy consumption for lighting is quite difficult to assess, requiring electrical
competence that are usually out of the mechanical field. The normative helps us in this way, by
providing a specific energy consumption for buildings E,; ,, depending on their destination of use.
As always the categories are three, residential, educational and office building.

Evit = Eviyn €vitV [kWh/mza]
Eq. 3.26

By knowing E,;,, considering that lighting is produced with electricity, its transformation
factor e,;; as usual equal to 2,5, we just have to use a correction factor v that takes in account the
usage of motion sensors and natural lighting, that reduce lighting needs.

The primary energy is now assessed, and it can be seen how it is the simplest term in the scenery.
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It is time to summarize the results obtained for primary energy consumption, divided as said at the

beginning whether or not the direct solar gains are taken in account.

Solar gains not considered

Solar gains considered

Ef 24,86 18,81
Eumy 7,85 7,85
Eir 78,75 78,75
Epii 26,46 26,46
Evi 19,25 19,25

S

157,16 kWh/m®a

151,12 kWh/m?a

The diagrams below give a visual idea of the different share, and influences, of each factor in the

primary energy consumption mix.
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It can be seen that the solar factor affects only the heating consumption, by changing the value of
specific heat losses g, and therefore the energy demand Qp, qf and finally E.

At this point the total EP would be compared to the requirement value EPrequir provided by the
regulation, depending on the shape factor and building category (see figure 2.3).

gp = leatcutatea

EPrequirement

Eq. 3.27

The 3.27 will give a numeric value that is used to assess the energy category for the building.
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Unfortunately our building does not belong to any of the three existing categories, therefore no
requirement value for the primary energy can be assessed. At this point the Regulations gives a
guideline to acquire a requirement value for the primary energy consumption, so that it will be
possible to establish an energy category for the building.

It is mentioned the presence of an anti-fire system for the two basement floors using HFC inert gas
system. In case of fire the system is activated by a nitrogen tank sensor that blows out in the space
the gas, stored as liquid phase, in the cylinders; the gas reacts with the oxygen damping down the
combustion reaction and suffocating the fire by reaching very quick a high concentration in the
volume and being a huge obstacle for the oxygen, and the flames, propagation.

I
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3.8 Requirement building

The Life Sciences library that we propose to certificate, as repeated several times, does not fit into
one of the three building category provided by the Hungarian normative for energy certification,
because it is a mixed-use building with Galeria Cafe, offices, basement library, computer and
reading rooms. At this point the Regulation suggests to create a fictive building that will be used as
reference for the primary energy consumption: this new building has the same architectural
characteristics of the existing one, same net floor area, heated volume and shape factor.

The power plant, though, will be different. we need a requirement to refer to, and so this fictive
building will use heating, DHW and ventilation systems with fixed characteristics.

Once we will have its EPy.qqyirement i1t Will be possible to compare it to the EP calculated through
the Regulation and the ratio between the two total primary energy consumption will give us the
energy label.

The calculation follows the same path seen before, by applying three levels for the requirement
building: our new building has, once again, to fulfil the limits imposed to, respectively, U-value of
building elements, specific heat losses gy, and specific primary energy Et.

From hereafter we will proceed quite fast since all the steps have already been discussed and
explained previously.

The normative establishes some boundary conditions to “create” the fictive building, assigning
specific values for some parameters of the calculations considering the most common and utilized
service systems, based on surveys on building stock in Hungary and its technologic level.

Since the first level has to be satisfied, our fictive building will have opaque and glazed structures
with U-value exactly equal to the uppermost admissible value given by the normative: in this way
the first level is fulfilled and we can quickly go on.

On second step, since the architectural plan is the same, this new building will have the same net
floor areas, same envelope surfaces and heated volume. It is then possible to calculate all the
transmission losses through opaque and glazed elements, and then apply the correction factor to the
U-value due to the thermal bridges. It’s so possible the calculus of the specific heat losses q, with
and without taking in account the solar gains. It can be seen that the fictive building meets the
requirement gm, that is the same for the real building since the shape factor doesn’t change.

After this first part quite fast, it is time to analyse the primary energy, which will require more time
and attention.
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3.9 Primary energy for the fictive building

The normative as seen before establishes to valuate separately each contribute for the primary
energy, heating, DHW, ventilation, cooling and lighting.

The heating analysis requires to determine in advance the specific heat energy demand gy, so as
seen before we have to calculate the Qr in three steps.

Eq.3.28

In the formula g, V, n and Ay are the same, the term different is now the specific internal gain qp.
Instead of taking a standard value provided by tables, it is decided to evaluate more deeply the
contributes of the production of sensible heat inside the building.

The sources of sensible heat existing are two, people and computer, but since we are creating a
general standard close to the real building situation, the internal gain produced by computer are not
taken in account. The computer, indeed, can be changed by number and characteristics during the
lifetime of the building, with unpredictable effects on the internal gains.

It was estimated a number of occupants for each living zones, cafeteria, with customers and
employees, offices and library, with opportune frequencies related to the different destination of use
of the spaces. The normative gives values for the amount of sensible heat produced by people,
depending on the activity attended, and so it is possible to calculate the total sensible internal gain.

Qint = z Npeople " Pensible (W]
spaces
Eqg. 3.29
Q.
dpreal = Al_nt [W/mz]
N
Eqg. 3.30

We have now a more accurate value for the internal gains gy, ;¢q;.
It follows with immediate calculation (see 3.1) Q.

In the second step calculation, as seen before, we calculate a balance temperature difference At,
exactly similar in the procedure to the one carried out for the existing building, only with different
value. Thanks to this At;,, H and Zrare calculated, and so the second and third calculation are ready
to be accomplished, providing the two values for the heat energy demand.
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QF = HV q+ 0,35ninf

Zr —Zir - kWh
—] o + 0,350,V (t; — tper)Zir — ZrAnGp

a
Eq.3.31

These two new values, with and without solar gains accounted, procure two new specific heat
energies for winter season, which are:

q = 3—;= 30,39  [kWh/m?d]

fsolar = 19,70 [kWh/m?a]

The specific primary energy for heating is:

kWh
Er =(qr +qrn+ 450+ 451) 'Z(Ck ~ay - er) + (Epsy + Epr + Qrp)ey m]
Eq. 3.32

It is now considered that all the heat is produced uniquely by a low-temperature boiler, supplied by
natural gas and without using heat storage. This is a requirement decided by the Hungarian
regulation based on an average survey of the existing heating systems.

It becomes, in this way, a standard that takes in account the real energy situation of the country, and
considers the most widespread heating system in the building stock.

This requirement will set new values for the electricity consumption of the boiler g, ,,, its efficiency
Cy and energy transformation factor e, now equal to 1, all given by tables in the normative.

From hereafter we will not justify every time why such conditions about the system equipment,
efficiencies etc.. are taken as standard: they are always decision issued by the Regulation
considering an average situation, sustained by energy analysis on the national building stock, for
service systems in Hungary. The control of the heating circuit is demanded to thermostatic valve
installed on the terminals, typically radiators, with a set-point At of intervention of 2 K; this will
change qfpwhile qf, is the same since the radiators are considered working with the same
temperature difference 70-55 °C and the boiler is located outside of the heated space, in the cellar.
All the circulation pumps of the hydraulic circuits are variable speed models, with a inverter electric
engine, and so they absorb the same amount of energy Egs,, .

The primary energy for heating can now be assessed, referring to the new conditions of the fictive
building.
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The primary energy required to produce domestic hot water is:

Qumvy = Qumv.t

Eymy = quuv(1 + 100 + 100 ) 'Z(CkakeHMV) + (Ec + Ex)e, [kWh/m?a]

Eq.3.33

In this case the specific consumption gy, Will be considered with a more accurate procedure, by
taking in account all the users of the building that require hot water. The assessment of the daily
need of liter of hot water for a mixed-use building is extremely difficult and quite uncertain,
considering that all the normative provide daily values for fixed categories of buildings, as houses,
offices, shops, hotels, exc. It was decided, as suggested by the standard regulation, to design an
accumulation system with indirect heating through a serpentine exchanger that warms the cold
water coming from the pipeline in a storage tank. The hot water, produced at 60 °C, is mixed with a
cold flow rate at the design temperature of 10 °C and provided to the users at the standard
temperature of 40 °C.

i ty !
= |
tﬁ i k_ o tu : tE
6, % G | be
ta
G

Referring to UNI 9182 it is possible to assess a daily need of hot water per person, based on the
type of users: in our case the users are a bar, offices with private toilets and public toilets for
students and visitors of the library. These hot water consumptions are referred to the standard
temperature of 40 °C, which means that the storage tank will have to contain an amount of liters at
60 °C which will be less than the requirement, and it is given by a heat volume balance system:

{V400 - 40 - V10° - 10 + V60° " 60
Vaoe = Voo + Vipe
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Considering that is known the consumption V,,. the system can be easily solved, and the daily
consumption of liter Voo is known. Now it is possible to calculate the energy required to produce
this amount of liter, given by the expression:

Qpuw = P " Cw " Vaoe - (tb - tf) " Ng [kWh/a]
Eq.3.34

The supply temperature t; is 60 °C, and the number of days N is established considering the
opening timetable of the library, about 300 days per year. This energy demand will be provided by
the same low-temperature boiler fuelled with natural gas. The ratio between Qpyy-and the net floor
area will give us qyuy. All the heat losses, back in the primary energy formula, are the same
considering that the storage tank is placed outside the heated volume and the circulation pumps are
the same, with also the same electric consumption E.. The energy is provided only by a natural gas
boiler, and so the transformation factor is different.

Now we can establish the DHW primary energy for the fictive building.

Going on with the calculation, it is time to check how the HVAC systems are designed and how
much they consume. Let us remind that:

1 2
Epr = {[QLT,n(l + fLT,sz) + QLT,U]CkeLT + (Evenr + ELT,s)ev}a [kWh/m?a]

Eq. 3.35

The regulations establishes to analyse the existing ventilation system with its facilities.

All the three existing Air Handling Units are supplied with hot water produced with the low
temperature boiler, and so Cj and e;+ will be different, and equals to the heating and DHW
situation.

Qurn = 0,35Vn;r(1 - nr)ZLT(Ebef - 4) kWh
Eq. 3.36

The heat energy requirement Q.r, considers the same heat recovery system, with heat pipes
exchangers, and the same value for £, given by a volume-weighted average.

The percentage f;r s, of heat losses due to air infiltration in the duct joint is the same, while a
different standard is set up for the transmission losses in the air ducts.

It is established to use air ducts with a 20 cm thickness insulation, so for circular channels the U-
value Uy 4- will be calculated from tables by interpolation depending on the real air speed, 3 m/s and
the diameter of the duct. The transmittance U,,,, for rectangular ducts will be the same for all the
ducts, depending only on the air speed. The geometrical data for the air ducts, the inlet design
temperature and the factor f, are the same, and so all the losses Q,r,, for the three air handling units

can be calculated.
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The supply and expulsion ventilators are considered with the same air flow rates, same static
pressure difference and real efficiency given by the manufacturer catalogue. The auxiliary systems
are considered in the same way. The calculation steps are omitted to avoid repetition.

Now the ventilation consumption E;; can be calculated.

The primary energy for cooling requires to calculate, as seen before in Eq. 3.20, 3.21, 3.22

_ Qnu-Xap-Ch-eny

Epy = [kWh/m?2a]
Ay
and
24 )
Qi = 700 ™" (Z Anqp + Qsdnydr) [kWh/m*a]

The cooling systems are now considered in their real situation, with their seasonal energy efficiency
ratio given by producer catalogue. The internal gains are the same calculated before with a more
accurate way, while the solar gains Qun,4r are the same considering the same glazed areas and
same value for solar transmittance and summer irradiation.

The summer balance temperature difference

At o Qsdnydr + ANQb
YA T S AU + X 1 + 0,35n,,4,V

[K]

will now be different because of the different values for envelope transmission losses AU and
different internal gains amount Ayq,, . therefore the length of summer cooling season ny; will not
be the same. Its value is yet higher than 3, requiring the utilization of a cooling system With a new
value for Q,; and by using the real EER for the package machine on Life Sciences building we can
properly assess Ep;;.

The last contribute in the primary energy mix is the lighting consumption: it was not possible
acquire real data about the electrical devices consumption, which are standard neon lamps to light
the library spaces and reading lamps for library desk and offices. For this reason it has been used
the same procedure given by normative, using a standard value for office building. (see Eg. 3.25)

Now we can put together all the shares and have our total primary energy consumption, represented
as before in the above diagrams for the two situations, with and without direct solar gains account.

It can be observed that this new requirement building has a global higher consumption for primary
energy; the percentage of heating is now higher, while cooling is lower and the other services are
almost the same influence. The net primary energy for ventilation is much higher, and this means
that our building has a better efficiency of the ventilation system than the average standard provided
by the Regulation.
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Solar gains not

Solar gains considered

considered
E; 41,20 29,60
Ermy 29,83 29,83
E.r 113,61 113,61
Epu 25,37 116,12
E,i 19,25 19,25
Z ) 229,28 217,67
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3.10 Energy Category

At this point we have accomplished two calculations that allow us to create an Energy Performance
Certification following the Hungarian Regulation. The energy category of the building is the most
visible and immediate result of the EPC, and it can be assigned by comparing the primary energy
consumption of the existing and the fictive building.

The energy categories in Hungary are the following:

Label EP Level of Energy Efficiency
A+ <55 Highly energy-efficient
A 56 - 75 Efficient
B 76 - 95 Better than requirement
C 96 - 100 Adequate to requirement
D 101 - 120 Close to the requirement
E 121 - 150 Better than average
F 151 - 190 Average
G 191 - 250 Close to average
H 251 - 340 Weak
| 341 < Poor
The ratio:
EP = % 100

represents the EP which will be used to issue the energy category.

In our case the ratio are two, whether or not taking in account the solar influence.
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Solar gains considered Without solar gains

EP/EPrequirement 70,318 71,39

Category A A

It can be seen that in both cases our building has a A category, which means an efficient energy
label. In this case the situation is very good, and finding effective energy saving measures seemed
quite difficult; anyway an energy analysis was conducted on the building system to find some
possible weak points. The result are reported in the next paragraph.

3.11 Recommendations

The energy saving measures that can be suggested are several, but they have to face the existing
situation of the current building, and be feasible in terms of realization and installation.

For old housing, as it happens in most European Eastern Countries where buildings were
constructed before 1990, it is always suggested to replace the windows with modern double glazed
coated elements, to add an insulation layer in the facades and in the roof and to apply new sealings
to reduce ventilation losses. We will not discuss further these refurbishment options as our library
has already a modern envelope that doesn’t need these improvements.

We have to analyse more in-depth the building structure to find possible energy saving measures.

As designer it was considered the possibility of heat pumps: these machines are very incentivised in
the housing market, receiving a lot of attention for their low carbon footprint, energy environment
free and high efficiency. However, we must keep in mind that a heat pump does not produce
energy, but it’s only a vector that transfers energy from a cold heat source to a warm one in winter,
vice versa in summer. This process is an inverse thermodynamic cycle that requires a compressor to
overtake the pressure difference between the two levels; for a typical air/air or air/water heat pump
the compressor is working with an electrical engine, which means that the heat pump consumes
electricity, a very valuable form of energy. The convenience in the usage of a heat pump lies in the
better efficiency compared to a traditional boiler, but since our building uses district heating the
balance equation is expressed by:

COP *1Ney = Npu

Eq. 3.37
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where n,; is the efficiency of the national electric grid, which can be assessed around 36-40 %
considering a standard thermoelectric production, while npis the efficiency of the district heating,
that we have previously seen be equal to 99% as a standard assumed value in Hungary.

This means that the minimum COP to reach the breakeven point is around 2.75.

The latest generation of air/air heat pumps has COP in nominal conditions (air external temperature
of 7 °C) around 4, and it doesn’t decrease tremendously during winter season in percentage, staying
always superior to 3. The design of a possible system should be oriented towards an air/water heat
pump, considering the existing distribution system: all the offices, that represent almost half of the
building spaces, have radiators and fain coils, terminals supplied by the hydraulic circuit. The
ground floor is almost completely heated by radiant floor panels, that use water as well as heat
transfer fluid. . This solution, as seen so far, would be justified by an energy efficiency point of
view, representing a more virtuous way to produce heat during winter season without using district
heating, that consumes fossil fuels in his power chain. But let’s look more carefully the
consequences of this choice by focusing on the expression of primary energy for heating (Eq.3.1),
since this is the only parameter affected by this design change.

When using a heat pump to satisfy the heating demand the only term that changes is the efficiency
of the energy source used. If we consider to keep the existing cogeneration gas motor to ensure hot
water in case of emergency and combine it with an air/water heat pump that supplies 80 % of the
heating demand, the efficiency mix will be:

D (G- @i e) = Ciomp 0.8 eat + Cipi* 0.2 €gazmoror = 0,885
Eq. 3.38

It can be seen that this value is higher than the existing one for the district heating, which is:

Z(ck -ay - er) = Cipu(0,8 * g5 + 0,2 * €gazmoror) = 0,719

Eq. 3.39

This quick comparison shows up a lack in our previous enthusiastic response towards a heat pump
use; indeed, these kind of machines use electricity, which has a high primary energy transformation
factor that cancels the positive effect of its higher efficiency.

This means that the primary energy consumption for heating with a heat pump is higher, and no
benefits are provided with this energy measure. Of course it could be argued that the real efficiency
of district heating is not so high, and this comparison would be reversed in favour of heat pump, but
these argumentations are useless considering that these values are provided by the existing
regulation of the Hungarian Government, which is the only organ allowed to acknowledge an
energy certification.

The implementation of heat pumps would be sustainable by changing their energy source, first of all
by using ground heat with geothermal heat pumps. This further option was taken in consideration,
but it is not feasible because of the particular location of the library, that is placed inside a reserved
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area called “Nagyerdd”. In this area no boring operations are allowed, to protect the environment
and preserve the integrity of the surrounding forest; thus, no ground probe can be installed, and no
power plant for a GHP can be realized.

The utilisation of PV panels could be interesting, but since the electricity consumption is really low
its saving contribute would not be relevant.

If we look carefully to the primary energy consumption of the existing building, the highest shares
belong to cooling, ventilation and DHW production.

Here we can focus and find out some solutions to improve the EE, which are:

> Installation of solar thermal panel to produce DHW
> Installation of heat recoveries for the AHU with higher efficiency

> Installation of cooling machine with higher EER to substitute the existing one

These solutions are the most feasible and they can be effectively realized without major renovations
that would cause several problems to all the power plants, first of all the hydraulic circuits,
plumbing system, air ducts and all the control devices. Each one of the three solutions is analysed
with a preliminary design and, on second hand, a short cost effective analysis that can justify or not
its sustainability for a possible investment. It is important to underline that each solution proposal
will affect our building energy performance in the first calculation, by lowering its EP; thus, the
ratio EP/EPrequir. Will be lower, with a lower energy consumption that can lead, eventually, to a
change of category.

3.11.1 Solar thermal system

The installation of solar collectors to produce hot water for domestic use is a practice widely
applied in the residential sector for single houses, considering the high consumptions and the
possibility to install panels on the roof. In the tertiary sector it is not common, because of the
complicated architecture, i.e. shops located in city centre, and the low value for hot water
consumption. Our building has not a high hot water daily consumption, but on the roof there is a
free area directly exposed to south that is perfect for solar collector system.

That’s why it is proposed a solar power plant with flat plate collectors, the simplest, cheapest and
most common technology, supplying a storage tank by a hydraulic circuits with circulation pump,
water pipes, regulation valves and sensors to integrate the solar with the district heating, so that
when the collectors are not able to warm up the water the district heating will provide the
production of DHW.

It will not be given a theoretical introduction to the solar energy and its implementation in the
building sector, and neither a technical presentation of the state of solar collectors and all the design
details that has to be considered in the preliminary stage and during the realization of the project.
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The aim of the certification is only to give a general overview about the energy measure, with a cost
effective analysis attached: the owner of the building, whenever deciding to apply the investment,
will have to charge an engineer or technical expert that will plan all the system in its details.

1300 1275 1250 1225 1200 1175

[kWh/m?.év]

As seen above, Hungary has a good yearly solar irradiance: this incoming energy can be quantified
as daily energy on the histogram above, where it can be seen how only a percentage of this energy
can be used for hot water production, because of the thermal losses in the collector, for
transmission, irradiation and convection, and in the hydraulic circuit.

[kWh/mZ.nap]
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The average value used by designer to determine the amount of area required to the solar collector
are, respectively for summer and winter:
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Qknyar = 2.8 kWh/m*day summer season

Qrter = 1.1 kWh/m?*day winter season

The renewable energies, especially the solar, have intrinsic characteristics that create problems in
the design of energy systems: e.g. , the solar energy, , has its highest availability during summer,
when it is more difficult its usage since no heating is required. On the other hand, during winter
season, it is more weak, while the demand for heat reaches its highest value.

This is not something that can be changed or avoided: the surplus hot water produced during
summer can be used in absorption cooling machines, but it is a complicated solution that does not
find concrete applications in tertiary sector, especially in our case since there is no space available
to install absorption machine, that are very bulky and heavy.

We are now considering only the DHW production, that does not change in relevant way during the
year. Since it has to be guaranteed during all year the supply of hot water, solar systems should
always be designed to avoid energy waste during summer. The required collector area will so be
calculated with the summer useful heat energy value; during winter, because of the lower energy
available, the DHW demand will be integrated with the existing district heating power plant.

We are designing totally free and with no restrictions, so we decide to use the free roof area
exposed to south, and we increase the efficiency of the collector by placing the panels with an
orientation angle that maximize the solar direct radiation during all the year, which was proved be
equal to 45 °C.

In this way we can calculate the required area for the collectors, given by:

QHMV 2
Acotiector = k- Orroa [m?]
nydr

Eq. 3.40

The parameter k , depending on the orientation of the panels, is equal to 1. The yearly demand of
energy for domestic hot water has been calculated previously (Eg. 3.34), and so the net area for
collector can be assessed.

The storage tank is the second very important element in the solar circuit: its size should be
determined to guarantee the daily consumption of hot water. The hot water tank will use a heat
exchanger supplied by solar hot water to warm up the cold water from the aqueduct: this water flow
at 60 °C will be mixed with cold water at 10 °C and distributed to the users.

It is mentioned that a complete design project should consider the expansion vessel dimensioning,
the hydraulic supply circuit of panels, the joint between two next panels and the structural frame to
protect and sustain panels, bearing their weight and the stresses caused by wind and rain.

It is decided, based on experience and common practice, that the solar system will provide 70 % of
the yearly energy demand for hot water, the remaining 30 % is provided by district heating.
This first solution will save primary energy from district heating, with a lower value of Ey,y .

102



k, teljesitménycsikkenés Délesszog

a

i

100 /ﬁ"":'
L—"
a0 // \\

PZ izszintes
/J
80 /

]
/
/

j
A/
J
)y A

A A ST

UO
30°
45°

60°

AN
/

70

=
N
N\

60

50 /
Tajolas

40 -80° -60° -40° -20° 0° 20° 40° 60° 80°
Nyugat Del Kelet

75°

ANEEANEAN) \Y

/

Flgpéleges

90°

52. abra
Teljesitménycsdkkenés a déles és tajolas
flggvényében

The primary energy saving expressed with the new EP achievable is:
EPppeq = EP — EPpyw sorar = 6,036 kWh/m?a
Eq. 3.41

where EP is the primary energy consumption of our current building calculated with the Regulation
procedure and EPpyw so1ar the consumption with the solar panels system. This value will be
multiplied for the net floor area to have the energy saving; then, we have to properly refer this
primary energy to the source of energy used in our building, which is district heating.

We will step back and use the same energy transformation factor:

1
(0,8-epy + 0,2 eyq,)

kWhp . = EPggpeq * An

Eq. 3.42

We have now to translate this energy saving in economic benefit: the cost for district heating in
Hungary is 13,68 Ft/kWh. Therefore, the money saving is:

$=13,68- kWhp Ft/year

Eq. 3.43
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The cost-effectiveness analysis now requires to compare the money saving with the cost of
investment, with an evaluation of the payback time. It is difficult to find a solar system with flat
plate collectors for DHW for a non-residential building already assembled and provided by a
manufacturer. The design should be ad-hoc for the specific case, and would require a more detailed
analysis that is not necessary for the certification.

Considering in a simpler view the cost per m?® of solar collectors, equal to 400 kFt/m?, a storage
puffer designed on the daily consumption of DHW, cost of auxiliary systems (pump, valves,
expansion vessel, structuring frame), cost of installations and start-up of the system, the total
amount of the investment can be estimated around 15 million Ft.

With a simple economic analysis, considering a financial subsidy that covers 50 % of the initial cost
and the amount of savings fixed during the years, the payback time can be estimated equal to 18
years. It follows that this solution is not really convenient in cost effectiveness terms, especially
considering that the target consumer is a private investor that usually needs a quick return of its
investment in the short period.
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Here above is reported an example of the hydraulic scheme of a solar thermal system; it can be seen
how plate exchanger have been used, thanks to their high efficiency and compactness.

The hot water is stored in two tanks connected in series; this disposition is used when the users
demand is not concentrated with peak times, as for residential units, but spread out during the day,
as for offices. In this way the water can be stored and kept warm during all the day, and the tanks

104



guarantee the daily demand of DHW if during the next day the solar is not able to satisfy the
demand (rainy or cloudy weather).

The system is integrated with a serpentine supplied by district heating (or a condensation boiler) put
on the top of the tank to respect the thermal stratification that heats up the water whenever the solar
panels are not able to.

The energy savings lies in the reduced time of intervention of the district heating (or traditional
boiler) to produce the domestic hot water, which means a saving of natural gas, that is used as fuel
for the gas turbine in the CHP power plant.

3.11.2. Recovery system for ventilation

The second proposal poses its attention on the ventilation consumption: if we analyse the terms in
the primary energy expression it is immediate to observe that Q,r,, has the major influence.

This consumption is quite high because of the real poor efficiency of the heat recovery system: we
can intervene here, by replacing the existing heat pipes with a device having better efficiency.

It is proposed to utilize cross-flow heat exchanger as heat recovery, with the same kind of heat
transfer from exhaust to supply air stream in the air handling unit. Unlike other types of exchanger,
i.e. rotary heat exchanger, this exchanger does not transfer humidity and there is no risk of short-
circuiting the airstreams.

These heat exchangers are made of thin metal panels, normally aluminum; the heat is transferred via
the panels. A traditional cross-flow heat exchanger has a square cross-section, with thermal
efficiency of 40-65%; a counter-flow or dual cross-flow heat exchanger can be used if greater
thermal efficiencies are required, as it happens in the building sector, reaching up to 75-85 %.

This device has to be integrated in the air handling unit upstream the exchange batteries pack and
the power plant is not affected in a significant way, since it is placed before the warm exchange
battery as the existing heat pipes.
The saving with this solution is really high:
EPgqping = 32,46 kWh/m?a
Eq. 3.44
Since the ventilation system uses district heating the energy saved has to be transformed in kWh

with the energy transformation factor of district heating, as shown in the previous case for solar
collectors.
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The money saving is calculated as well and reported above.

1 kWhpy
W hsauea = EPrquing - Ay - 5— = 14868937 — 2

€p.H.

= 2380706 Ft/year

Eq. 3.45

The cost of investment, considering three cross-flow recovery system, one for each AHU, provided
by Rosenberg Hungary KFT, same company that supplied the AHU, with air flow rate of 10000
m?*/h and seasonal efficiency of 82 % by catalogue is around 2475000 Ft.

With a return investment analysis, considering once again a subsidy of 50 %, the payback time can
easily be assessed equal to one year. This value is extremely interesting, and the situation is even
better if we notice that the EP of our building now is 55,68, which means an A+ category.

The better energy category is not achieved if we consider the calculation with the solar account for
the thermal losses gm: this result is interesting, proving that direct solar gains can really affect in
significant way the energy certification by changing the building label.
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3.11.3 Cooling system

The last proposal to increase the energy efficiency considers the substitution of the existing air
cooled condenser chiller with a water cooled chiller by the same manufacturer Ciat.

The difference, as immediately appears, lies in the use of water instead of air as cooling fluid in the
condenser unit of the chiller. In this case the condenser will benefit of the greater heat capacity of
water, reducing its exchange surface and its size, and also lowering the electricity consumption
considering no fan unit are required, only circulation pumps that consume less energy than
ventilators. This development allows a reduction in energy needs by more than 15% , and,
additionally, a significantly reduced noise levels. but requires the installation of a cooling tower that
regenerates the water used in the condenser. Furthermore, the machine has to be located inside the
mechanical room: those units are designed to be installed inside the building to be protected against
freezing temperatures and inclement weather. This means a complication for our building,
considering that the mechanical room is currently not able to host such machine; a feasible solution
has to be found by the designer.

The necessity to use one or more evaporator towers can be properly satisfied without major
complications, considering the free area available on the roof of our building. One further positive
aspect is the change of the refrigerant fluid, which is now R134A, in other words an ozone-friendly
with a zero value of Ozone Depletion Potential. Also the GWP (Global Warming Potential) is lower
than R407C currently used in the existing chiller; this means having a cooling unit that respond to
the most stringent specifications for environmental protection, i.e. the European regulation EN 60-
204 and EN 378-2 .

This proposal, based on the concept that we are discussing only a preliminary design, will not give a
definitive solution to find a proper placement for the new chiller. The purpose of the
recommendation is just to suggest a way to increase the energy efficiency, and this is possible
considering the value of EER for the chiller, equal to 4.77, much higher than the current 2,55.

In this case the new EP, and therefore the EP saving, would be:

EPsqvea = EP — EPyater—cooted chitter = 9,65 kWh/mza
Eq. 3.46

This means, after the usual conversion of primary energy to electrical energy, and considering a
price for electricity for a big consumer of 40 Ft/kWh, a money saving that can be calculated with:

1
$ = EPsgpeq * An -e—-40 [Ft/year]

v

Eq. 3.47
We can now create a chart to resume the three solutions proposed, where we can combine them

together and see what results are achievable by their implementation.
Each of the three measure is numbered, 1 for solar heating, 2 for recovery system and 3 for cooling.
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o | v | | Sy | Mo 9| i
1 6,03 A 23112,75 443920 18 years
2 32,46 A+ 124305,74 2387506 1 year
3 10,42 A 39915,09 638642 22 years
1+2 38,61 A+ 147882,84 2831426 1 year
1+3 16,58 A 63493,29 1082562 20 years
2+3 43 A+ 164686,40 3026148 1 year
1+2+3 49,03 A+ 187799,03 3470068 1 year

In case of making the calculations by taking in account the direct solar gains the results are:

Primary_ Money saving .
Case EPsaving New category | energy saving Payback Time
(kWhym?a) | (FUYean

1 6,03 A 23112,75 443920 12 years
2 32,46 A 124305,74 2387506 1 year

3 10,42 A 39915,09 638642 22 years
1+2 38,49 A+ 147418,49 2831426 1 year

1+3 15,23 A+ 63027,84 1082562 18 years
2+3 42,88 A+ 164220,83 3026148 1 year
1+2+3 48,91 A+ 184372,62 3470068 1 year
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The further combinations 1+2, 1+3, ecc. will have higher investment costs, but also better EP and
eventually better energy category.

In this way it is possible for the building owners to decide whether or not accept the investment and,
in case of positive response, which investment fits best their demands and their financial resources
The payback time has been calculated considering a financial subsidy that covers 50 % of the initial
investment cost.

It follows now that the most realistic and immediate solution is the second, by changing the heat
recovery system with cross-flow exchanger.

The energy category of the building, indeed, is already very high, and this means that the possible
saving measures are limited or, as we have seen, not convenient with intolerable investment costs.
The two solutions with solar thermal flat plate panels and new water-cooled chiller are quite
difficult to sustain for a private investor in the short period, with a payback time around twenty
years, even if we consider a financial subsidy that covers 50 % of the initial cost provided by the
National Energy Program.

Our building, however, is a public building owned by the University of Debrecen: this means that
all its costs, energy bills, employee salaries, maintenance and management are covered by the
Hungarian State.

It follows that the government is the first one that takes advantage of the increased efficiency of a
public building, with consequent lower public expenses for its management and maintenance.
That’s why, for public buildings, the renovation project, whenever accepted and proved the
existence of energy savings and higher energy efficiency of the solution proposed, is fully covered
by the Government subsidy.

It is reported, for the attention of the reader, that currently the building is managed by a private
company which has won a 3 year auction contract amounting to about 1 million Ft. Therefore, it is a
matter of fact that a reduction in these costs is supported and well accepted by the State.

The economic analysis in this case is not necessary, and the investment is certainly approved in all
the three cases, with a lower energy consumption and less energy costs.

For private buildings, on the other hand, the government subsidies are lower, as said before,
covering maximum 50 % of the investment; in these cases it is not convenient for the State an
improvement in the efficiency and energy performance of the building. The private owners will
have lower energy bills, which means less profits for the energy companies and less profits also for
the government, that has always a share in the energy market.

The second solution, anyway, is still the first-choice proposal, thanks to its quick installation and
high primary energy, and money, savings.

Particular attention must be paid for the possible obstructions and obstacles during the substitution
of the recovery system: heat pipes currently operating have their own dimensions, far cry from
cross-flow exchanger. Therefore the designer has to check the plan of the AHU to be sure of a
proper and successful installation “in-situ” of the cross-flow exchanger.
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Water-cooled chiller Hydro Ciat 3050 BX XPS

3.12 Observations

During the design phase the glazed element by Gastaldello should have been located on the south
facade, instead than on the north where the solar irradiation contribute is the lowest.

In this way the direct solar gains would be maximized with a positive effect on the thermal losses,
which would be lower, and the length of heating season that would reduce as well. On the other
hand this would require a higher cooling load in summer, but the energy saving during winter
season, that is much longer than summer one, would justify this solution.

In the preliminary design of the building the architecture should always consider the orientation of
the facade so that the solar gain can be successfully used to reduce the heating consumption,
especially for climatic conditions quite cold as in Hungary.

It is interesting to observe what would happen if we consider our building as “educational” or
“office” real estate.
The requirement for primary energy consumption, provided by the standard, would be, respectively:

Educational: EPyequirement = 92 kWh/m?a

Office: EPrequirement = 138 kWh/m?a

And, most interesting, the energy category now would be, with and without solar gains accounted:
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Solar gains Without solar gains

Educational building F F

Office building

This is a huge difference considering that the energy category determined creating a fictive building
according to the regulation was A, and the highest achievable category was even A+.

We are facing a particular situation where the building does not fit in one of the three categories,
and this is a weak point that can generate pretentious energy rating with labels that do not reflect the
real energy performance of the building.

The primary energy savings obtained with the three proposals are the same, but the new achievable
category are now lower, as it can be seen in the table below:

Educational Office Payback time
1 F 12 years
2 E 1 year
3 F 22 years
1+2 E L year
1+3 m 18 years
2+3 E L year
1+2+3 L year

111




It can be seen that the requirement for educational building is stricter, and the consequent energy
performance is lower. Anyway, in both cases, our first extremely good response, with an A category
calculated by following the regulation disposal, has been twisted and deeply changed by
considering our building as belonging to one of the three categories arranged by the Hungarian
standard.

The positive impact of the second measure with the new ventilation recovery system is once again
the most effective, producing an immediate change of category; in this new situation, though, the
top category achievable are, respectively, D and B.

This side calculation, even though unnecessary and invalid to assess the energy category, has been
reported to the reader’s attention to show how our building is not so efficient but has some weak
points, first of all the high ventilation consumption, that can be improved.

The absence of requirement and, therefore, the necessity of creating one ad-hoc for the specific
case, is always a delicate aspect to be dealt with: we will see how the Italian regulation, using a
different standard, does not allow this awkward situation.

Nevertheless, it can be stated that our building meets the first two levels of requirement, with U-
values and specific losses qn, in the limit imposed by the Regulation.

The primary energy analysis is a further aspect that is not mandatory in our case, but that has been
made to find out possible saving measure that can reduce energy consumption and improve the
efficiency. This is a clear example of how an EPC can hit the consumer target, with cost effective
proposal that can be accepted without hesitation by building owners. The implementation of these
measure creates jobs opportunities for people of the building sector, and at the same time every
renovation project or new building designed with particular attention to its energy performance it’s
a little step towards the reduction of energy in the building stock.
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CHAPTER 4

Energy analysis of the existing building with the Italian Regulation

At this point it is a matter of interest to make an energy analysis of our University Library with the
Italian regulation, to find out the common points and the differences, and assess a new energy label
to this existing building. As said before, Italy adopts a calculated rating based on the technical
regulation UNI TS 11300 part I, II, 11l and 1V.

We will, thus, analyse our property as if it is located in a climatic zone similar to Hungary, which is
zone F in the city of Cuneo with 3012 degree days , and proceed in our calculations using the
software STIMA developed by Watts Industries. It is an example of the several commercial
software used in the housing sector to properly assess thermal performance and energy consumption
for buildings during winter and summer season.

4.1 Building structure and transmittances

The software STIMA allows to create all the building structure that actively participate in the heat
exchange; it follows that external walls, basement floor laid on the soil and the roof were created in
the program, with their U-value and opaque surface. All the glazing elements can be inserted, and
this allows to calculate the transmission losses through the envelope Hr-

HT,global = Hr et Hp i,ground T Hp ij T H; iu [W/K]
Eq. 4.1
The first term:
Hre= ) U4 W/K
envelope,i
Eq. 4.2

requires to calculate all the transmittance U; of the building elements, glazed and opaque, that
separate the heated and unheated spaces: these calculations were already done previously, the only
differences are new values for heat transfer coefficient agiop that can be found in Appendix.

The U-value of opaque elements are corrected with a factor that takes in account the thermal
bridges, as seen before in the Hungarian procedure.
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The program allows to calculate the exact transmittance for doors and windows, depending on the
net glazed area A, and frame area Ay of the element, the U-values U, and Uy for frame and glass,

which depends on the materials and technology used for glass and concrete frame and eventual
shading elements. The thermal bridge along the frame is also taken in account.
The correct value for Uy, is:

_UgAg'i‘UfAf'i‘lgqjg
B Ay + Af

Uy W /m2K

Eqg. 4.3

It follows a proper value for heat transmission losses between inside heated spaces and outside
ambient Hr ; ., through all opaque and glazed elements.

The second term of 4.1. allows to calculate the heat losses between the heated space and the ground:
its value depends on the structure of the ground floor, i.e. its thermal resistance Rg, and on how it is
placed, if directly in contact with the soil or if it is underground.

In our case the basement floor is placed under the level of the ground, at a depth of 6 meters,
therefore:

Hrig=(Us-As+2z-B,-Uy) W/K
Eq. 4.4
where Us and At are transmittance and net area of the basement floor -02, z is the depth in meters,

Pw the perimeter of and U, the transmittance of buried external walls. It is very similar to the
calculation suggested by the Hungarian regulation

32454 Pavimento interrato

T3

=
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The last two terms Hr;jand H.;, are, respectively, thermal losses between heated space and

neighbouring spaces at different temperature and losses between heated and unheated spaces, and
are equal to zero.

The procedure to properly calculate these terms is reported in the UNI-TS prospect in Appendix for
the attention of the reader. Now we know the global transmission losses Hr giopq; » it is time to

assess the ventilation losses due to the air change of the heated volumes.

Hy = :E: V%J "Pa " Cq W/K

spaces,i
Eq. 4.5
Voi=V-n m3/h

Eqg. 4.6

The ventilation is necessary to ensure hygiene and comfort in all the heated spaces, but it causes
thermal losses due to the inside-outside temperature difference of the air flow rates.

With the 4.6 it is possible to assess the air flow rate V,, ; required to have an adequate air change: the

value n for the air change rate is given as a standard value for residential buildings, or is calculated
as an average with:

(VZp 'ns"qN)
n=-——-

- [h]

Eq. 4.7

Vop is the minimum air flow rate to guarantee an adequate air change, provided by normative,
while ng is the density of people per m%.
We can now calculate the energy requirement for heating, given by:
E; = 0,024 -GG - (Hy + Hy) kWh/a
Eq. 4.8

This requirement is not a net value, because it doesn’t consider all the positive contributes of the
internal and solar gains. Therefore, we have to calculate first the internal gains:

Q;=N; A, a-E. 1073 kWh/a

Eqg. 4.9
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Ng is the number of days of heating season, A; is the net floor area, a is the specific value for
sensible heat gain, expressed in W/m? i.e. g, in the Hungarian procedure, F,. is a parameter
expressing the average number of occupation of the building per day given by UNI 15833.

The sensible heat gains provided by the solar radiation are distinguished in: solar gains through
glazed elements, opaque facades and non-conditioned spaces hit by the sun, e.g. greenhouses.

The incoming energy for every month provided by solar radiation on the transparent surfaces is
given by:

Q=N Hyj() Ayi-Frog-Fs)-085+0Qss  [kWH]
J i

Eq. 4.10

In 4.10 N is the number of days of the considered month, Hj; is the global daily average solar
irradiation during the month considered for every exposition (N, N-E, exc.), expressed in kWh/m?
and reported in Appendix. Every transparent surface is considered with its gross area A, correction
factor Fy considering the ratio glass/frame of the window, solar transmittance g of the glass and
shading factor F given by:

FS=Fh'FO'Ff

Eq. 4.11

The three terms of equation 4.11 are: Fy, is the partial shading factor due to external obstructions,
such as neighbour buildings, trees or other major structure, F, and F; are partial shading factor
linked to horizontal and vertical lug wrenches, like balconies or other architectural elements that
shadow the building. Each of these coefficients can be calculated depending on geometrical data of
the obstacle. For our library on the west facade the monument represents an obstacle to the sun rays,
with F, due to its horizontal roof linked to the library roof and Fr because of the concrete fagade;
therefore the opaque and glazed elements on this facade will have a lower value for the direct solar
gains. Going back to 4.10, all the direct solar gains are reduced with a factor 0,85 that consider the
inclination of solar rays to the surface hit by the sun.

The solar gains through opaque elements can be assessed using the following expression:

_ U;
Qse =N E Hs,,-(E R [kWh]
" . e
] l

Eq. 4.12
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In the equation above the new terms are, respectively, a; , that is an average absorption factor of the
opaque surface, depending on the colour of the wall, while Fgp ; is a reduction factor considering
the part of infrared radiation that is transferred to the sky that is conventionally equal to 1 because
the radiation given to the sky volt is considered as an extra heat flow that increases the transmission
exchange. U; is the transmittance of the opaque element, and h. is the superficial heat transfer
coefficient, expressed in W/m?2K. It is calculated by the inverse of superficial thermal resistance Re,
that is given by UNI EN ISO 6946-A with a calculus depending on average monthly temperature
and wind speed. If we sum all the monthly solar gains for glazed and opaque elements we have the
total solar contribute in kWh during the heating season.

Now that we have assessed all the solar gains we can calculate the net heating requirement for our
building: the boundary conditions are a set point internal temperature of 20 °C and a continuous
operating mode for heating working 24 hours per day:

Qnw = (0,024 - Ngg * (Hr + Hy) — f(Q; + Q) kWh/a

Eq. 4.13

It is considered that not all of the free gains can be effectively used during heating season, thus they
are reduced with a utilization factor f,; this factor depends on the ratio gains/losses and on a time
constant 7, given by the climatic zone.

1—)/13”
ag+1
1-— HH

frx = ifyg>0andyy +#1

_ ay . —1
fx_aH_I_l if yw=

_ QgH _ Ty

Eq. 4.14

We will see in the next paragraph the meaning of the quantity @,y and Q.

The program does the calculus for every month, considering how all the thermal parameters,
external temperature, utilization factor, exc. change during the time.

We have now accomplished the calculation of net heating energy requirement, similar to the Qp
previously obtained with Hungarian regulation. If we remember correctly the Hungarian procedure
had three steps for its calculation of heating requirement, with a deeper analysis which considers
also the contribute of air conditioning system in the heating system, see Eg. 3.10. The numeric
result we have obtained now for Qs quite similar to the first step result of Qp.

We can now proceed with the primary energy consumption calculation.
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4.2 Primary energy need

Our building needs primary energy to maintain comfort conditions during the heating season: we
can easily understand how the Italian regulation proceeds to assess primary energy consumption by
launching the calculus with our software. The scheme used is the following:

A
Q| = 1891 DNHT= 4145

Woey =0 mronimr 4 Rp=0

Qi =T[QN-|‘ Rz, ) = 4145
. EMISSIOHE-REGOLASIONE
v | = e Q=307
H - LeH
= ko = 0.00 M_, = 0.931 -
Qe 7| Qi 1 Qo kg W] = 4452

DISTRIBUZIOHE
W =0 I Q =142
—P =
HH M, = 0.969 —* UL

USH,DLE:F]DH,CJE (O - kg Wy ] = 4595

ALCS
combinata WSH =—.. Wy pddd e QL.SH: ]
k oy = 0.00
Qomr_=[1612 uGH.”‘":Iu sl | O o Ko Wy ] = 4595
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Q. 330
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n-a = [W_ bW tW W 1w -0 0.41 =0
=73k DEH,iI‘I_[ HC\"'* n:H-l dl i 5H+ gH F\fhll' . =
Q 706 &
F‘\r"plus' QEF‘H = DEH,h + ugHjn = 5470

J

The input data is Quy: starting from our energy requirement it is considered how the energy is
effectively distributed and produced throughout the emission, distribution and generation
subsystems. Every system has its efficiency, that can be calculated with Prospect and tables
provided by the normative, therefore the final requirement for heating will be higher. It has also to
be considered the electricity used during the process, with a global consumption that is converted in
primary energy through a conversion factor generally equal to 0.41.
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In the final step the sum of heating and electric need will give us the primary energy consumption:

Qepr = Qgenin + Qgn,in [kWhep/a]
Eq. 4.15

The calculation proceeds step by step from the net heating energy need, that is our input, back
forward to the generation core: first, it is considered the heat recovery system, with its efficiency
and electric power consumption. It follows that the net heating requirement decreases, by:

Qnur = Qnu — Mg " Qv [kWh/a]

Eq. 4.16

In this way we can consider our heat pipe recovery system in the AHU, which has efficiency equal
to 42%: we have also to include the electric power consumed by the auxiliary, which are ventilators
supplying the A/C system, working at operating speed 17 hours per day.

Wgev = z Wrev - hrey * N [kWh]
i

Eq. 4.17

N is the number of days of heating season, equal to 183 for climatic zone E, Wy is the auxiliary
power and hg.y the daily operation time in hours.

If we think to our energy itinerary, from production to the user, the final stage are the terminals;
they can be considered as a subsystem that has to be managed to adapt and coordinate the energy
produced to the users demand, that typically change during the day and the heating season
depending on the climatic conditions and user behaviour. The terminals have also their own
efficiency, depending on the way the heat is transferred to the space (convection, radiation,
transmission), the fluid and the technology used. It is considered a global efficiency n.y given by
the product of the emission efficiency and the control system efficiency.

Ney = Neel " NcH

Eq. 4.18

Considering our building uses different kind of terminals (fan coils, radiators, ..) the emission
efficiency is a weighted average of each terminals on the heated volumes. All the values for
efficiency are given by standard tables and prospects. The terminals are managed with climatic
logic and also possibility of control of the single heated space.
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The thermal losses in this subsystem are given by:

Quen = (=== 1) Qunr W]

eH

Eq. 4.19

This means that our requirement Q4 o, Will be higher, because it has to overtake these losses, and
will be increased by a factor equal to Q..

The electric consumption of the terminals and control system is expressed like 4.16, where the
number of hours now is equal to the open time of the building, considering that the heating system
is switched off during the night.

If we consider once again our energy path it is time to evaluate the distribution lines: our building
has a centralized system with vertical pipelines to supply hot water and air ducts with insulation for
the warm air, thus the efficiency can be assessed by standard tables and so the thermal losses:

1
Quan=(-—=1) Quuge  LWh/al

dH

Eq. 4.20

The electric consumption, once the power of auxiliary is inserted, is calculated by the program
depending on the logical operation, that we have already cleared being intermittent.

After the distribution the program allows to calculate eventual thermal losses caused by a heat
storage, given by:

Qsy=1fs"t-N-1073 [kWh]
Eq. 4.21

Since our building has no heat storage this term is not considered.

We have now arrived to the last subsystem, that is the production unit: this is the central core of our
building. It is possible to use database for generators (traditional, condensation and biomass boilers,
heat pumps) and also district heating can be selected, with efficiency values automatically provided.
It is also possible, in case of existing buildings, to insert manually the efficiency and energy
consumption of the real generation system. It is also possible, as second option for existing
buildings with boilers without information about its efficiency system, to calculate via-software the
efficiency of the boiler filling in thermal losses of the chimney, supply return temperatures and
other technical data.

As we know our building is supplied by district heating, thus we immediately select this option in
the software, with an assessed efficiency of 100%. The thermal losses, in this way, are equal to zero
as it can be seen by the equation:
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1
QL,gH = (77_ - 1) ’ QgH,out [kWh]

gH
Eq. 4.22

The electric consumption of auxiliary can be inserted as usual: the energy consumption is then
calculated during the heating season.

We can now resume the global heating requirement, which is the energy “entering” in our building
system upstream the users, and then running through the generation and distribution subsystems to
the terminals and finally to the heated volume, that represents the last ring of the energy chain.

QgH,in - QgH,out + QL,gH
Eq. 4.23

In our case, considering an efficiency equal to 1, this term is equal to the energy supplied by the
generation system, that is the net requirement Qy ,- increased step by step of the thermal losses in
the subsystems.

On the other hand we have also the electric consumption, given by:

_ (ZiWin — Qrvn)
Qkn,in = 041 [kWh]

Eq. 4.24

The first term takes in account the electric consumption of auxiliary in recovery system, terminals,
distribution and generation systems, while Qgy, is the photovoltaic contribute, in our case not
present. The energy consumption is converted into primary energy through a conversion factor
equal to the efficiency of the national electric system.

The primary energy required to the building for heating then is:

Qern = Qgn,in T Qrn,in [kWh/a]
Eq. 4.25

The energy performance is assessed by the ratio of primary energy and heated volume, considering
the non-residential destination of use:

EP,; = Q’;ﬂ =153 [ kWh/m3]

Eq. 4.26
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The certification requires to calculate also the consumption for DHW as indicated in Part 2 of
UNITS 11300: via software we can insert as input the daily requirement of hot water per person
Q'w, expressed in Wh/px/day. The program, depending on the destination of use of the building,
calculates number of users and period of consumption during the year, with an energy requirement
to produce DHW given by:

Qnw = QIW “Foe"ng Ay - Ndays [kWh/a]
Eq. 4.27

As seen for heating requirement, this value is taken as input to go back forward and properly assess
the primary energy required to guarantee exactly Q'y, during all year. The hot water is supplied by
terminals that have their own efficiency, assessed by standard, exactly as in heating calculation.

The second subsystem is the distribution, which as we know has a recirculation line to respond
quickly to the users demand. Then there is the storage system: as we know the hot water produced
is sent to a storage tank, placed in the service room. The last station is the generation system: the
program allows to link the DHW production with the heating system, as it happens in our case
considering DH provides both the services. It follows the efficiency of production is once again
equal to 1 without any losses. The energy requirement is increased at any step by the thermal losses,
as well as the electric consumption (the calculations are omitted).

The software allows to insert eventual solar thermal system Q¢ and photovoltaic devices Qpy,
whenever they are used.

The consumption for how water is:

Qeew = Qguwin + ) Wiw = Q) /041 = Qs [ kWh/a)

Eq. 4.28

The EP for hot water is calculated as usual with the ratio:

EPy, = QEPW/V =27 [kWh/m3]

Eq. 4.29
This value is compared to the requirement, set by the regulation.

The cooling is evaluated as standard by the software with the first method proposed by UNITS, by
calculating the EPj,, equal to the primary energy required to maintain the comfort conditions inside
the building during the hot season. This value E. is compared to the requirement E_ and the ratio
gives the energy label.

122



It is now possible to calculate:
EPyiop = EP;; + EPy = 18 [kWh/m3]

Eq. 4.30

4.3 Energy classification and recommendations

The ministerial Decree DPR 59/09 art.4 imposes a list of controls that we are going to show on the
building structure and energy performance for every Qualified Expert whenever issuing a EPC.

The first check is about EP, and as seen in the chart below our building does not meet the
requirement with a heating consumption higher than the requirement EPg;,_ .

The requirement EPg; is given as usual by standard depending on the number of degree days and the
shape factor, and we can then calculate the energy rating:

EP.; — EP,;
EPC“_ EPci ( aEPciL CLL)% Category

15.3 17.3 +13%

The production of DHW is considered with a specific EP,, expressed in kWh/m?; the requirement
are not specified for non-residential buildings, thus they are proportioned on the values given for
residential buildings. The result is an A category.

Thereafter the summer cooling consumption EP.i,, has to respect the requirement EPe¢iny limite
imposed by the technical specifications (see Table 3 in Appendix), and in this case our building has
a level Il of performance with an EPg i, Shown below lower than the requirement.

kWh

m3

E,=5.8

<E,= Levelll

The controls go on by evaluating the transmittance U of all building elements, opaque and glazed;
every structure has to meet the requirements, depending on climatic zone and period of construction
of the building. The requirement is satisfied for all structures of our library.

A further control is arranged for humidity and temperature on the internal and external surfaces of
all structural elements, to prevent the possibility of condensation.
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This is a very important aspect to be controlled, especially for buildings with a lot of thermal
bridges and without an acceptable ventilation rate; internal condensation can bring to corrosion of
metallic structures, mold and damages to the exterior walls.

That is why air condensation, on inner or outer layer, is not accepted: the internal condensation has
to be controlled with a maximum admissible value for the amount of vapor condensed within the
walls that is equal to the quantity that can re-evaporate during the hot season.

The humidity and temperature conditions in our building, thanks to the A/C system and to the big
volumes that guarantee an adequate air change, are always under control during the year, without
any superficial condensation; there are, however, two external walls, Fy, and Fys have problems
with internal condensation over the limit.

During the month with maximum sunstroke, if our building is placed in a locality with a month-
average value of irradiance on horizontal surface Iys> 290 W/m? , then:

- All opaque vertical surfaces must have a superficial mass (calculated according to
Attachment A of DLG 192/05) m > 230 kg/m?;

- All opaque horizontal and sloping surfaces must have an average periodic transmittance
value Y e < 0,20 W/m?K .

These requirement are set up to maintain the inner temperature during summer period in a fixed
range of the set-point (26°C) without huge variations caused by a bad thermal inertia of the
envelope that can lead to discomfort. The decree gives indication to help the designer reducing the
cooling load, by using shading elements for all the glazing surfaces to shield the building and
reduce the incoming heat flow during summer. It is also suggested to use the natural ventilation to
ensure the air change, by using the internal volume in a way that doesn’t require mechanical
ventilation. Whenever this is not feasible a ventilation system has to be adopted: it is required the
adoption of a heat recovery system when the air flow rate and operation time exceeds specific
requirement values (see Appendix).

It is also required to cover 50 % of the domestic hot water energy demand with renewable energies:
this part of the decree will be adjusted and completed with technical details, prescriptions and

application terms in the future regulation updates.

The global efficiency during heating season has to fulfill a requirement based on the installed power
of the heat generator:

Ngiob = Neerd "McH " Nax " NgH
Ngiop < (75 + 3log Py)% Py < 1000 kW
Nglob = 84% Py = 1000 kW

Eq. 4.31
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The technical report that has to be presented to the municipality by the building constructor at the
beginning of the work has to contain an energy diagnosis of the building, with particular attention
for the possible saving measures and renovation proposal in case of retrofit for existing buildings.
The report has to present the energy savings achieved with correspondent return time of investments
and the new energy category obtained after the implementation of the intervention, with particular
attention for plant design whenever Py > 100 kW.

The designer can use the software (in our case STIMA) at the end of the energy analysis to write
down the technical report with a complete description of all the building data, architecture,
mechanical systems, specifications adopted, regulations followed and then proposal to increase the
energy efficiency and energy category. The software has three pre-set models, one for new
buildings, one for renovation projects and one in case of substitution of the heat boiler for existing
buildings.

It is also possible via-software to print the EPC: in Italy there are two possibilities, as seen in the
previous chapter, AQE or ACE. These certificates follow the national energy guidelines and
represent a valid document to be attached in the selling contract for building’s owner. The ACE for
our library is reported in Appendix.

The recommendations to save primary energy are the same three ones already discussed, but now
only the first two ones are feasible because the software does not permit to calculate the cooling
primary energy consumption.

The substitution of the heat recovery system allows a relevant saving for heating: it is immediate to
evaluate this contribute in the calculation of the real net heat need Qyy ,-, with a higher value for the
efficiency nz now up to 82% as given by catalogue of the cross-flow heat exchanger manufacturer.

The second measure with production of hot water by a solar thermal system affects the consumption
Qgpw N 4.27. Now the term Qg has to be considered: its value is calculated depending on the type
of collectors, with efficiency and loss factors that have standard values or that can be inserted if
provided by the producer catalogue. It is also considered the inclination and orientation of the
panels, which is in our case is equal to the latitude of the location and pointed towards the South, so
that the seasonal efficiency is maximized.

The energy savings in both cases must be converted from primary energy to heat considering
district heating as energy carrier, with a transformation factor equal to 1.

The payback time of the solutions consider the same cost for the cross-flow heat exchanger and
solar thermal system, but the energy costs are based on lItalian energy prices and are slightly
different. The return time is based on national subsidy provided by the Tax programme, with a
contribute of 55 % to cover the initial investment.

Here above the recommendations are summarized:
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New EP Payback time
1 (cross-flow heat exchanger) EP, = 11.4 1 year
2 (solar thermal) EP,, = 0.7 A 8 years
EP; =114
1+2 3 years
EPw=0.7 A

It can be seen that the best choice is also in this case the first one, with immediate high money
savings, quick return time of investment and a label C that meets the minimum requirement for new

buildings.

These saving measures are only theoretical, considering that the building is located in Hungary and
the intervention, whenever accepted by the building owner, would be made according to Hungarian
standards. They are reported to the reader’s attention to complete the energy analysis and to show

how, no matter what regulation has been used, energy savings are always achievable.
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4.4 Comparison between Hungarian and Italian energy analysis

Now that we have completed two different energy analysis, both using technical specifications
based on European Directive, we can find out the differences and analogies.

First of all the Italian normative takes in account once for all the soar gains in the assessment of net
heat requirement Qpy, Without any ambiguous points that can lead, as seen in the Hungarian case,
to different energy category for the same building.

The early steps in the energy calculation are the same, by assessing net area and volume and all the
losing surfaces, opaque and glazed, and their U-value.

The first difference is in the determination of the length of heating season, that influences the
requirement for primary energy. The Hungarian specifications is focused more on the thermal
characteristics of the building, using a balance point difference At, that takes in account its real
behaviour depending on the insulation of the envelope, ventilation rate and internal gains.

The Italian case, on the other hand, is more focused on the geographical location using standard
periods for heating season depending on the climatic zone; different localities in the same zone can
have different degree days, with a heating requirement that may vary significantly.

The second difference can be found in the internal gains, that are estimated in a more accurate way
through the Italian calculation, by assessing a frequency rate for people inside the building,
depending on its destination of use, and a period of occupancy during the day.

Let’s look now the requirement for heating; as we have seen the Hungarian directive firstly
calculates specific thermal losses q expressed in W/m®K , and in this computation takes in account,
whether or not, the solar gains. This means, looking to the equation of Qg, that solar gains are fully
considered in their value in the heating energy need, without any reduction factor.

Besides this, in the third-step calculation for Qf also the thermal losses caused by Air conditioning
are considered, with a difference between inlet air flow and real internal temperature.

In the Italian procedure the thermal losses are calculated with the parameter H, and all the free
gains, both internal and solar, are considered as heat flows that reduce the demand of heating with a
utilization factor f, , as seen in equation 4.13 for Quy. The ventilation losses Hy do not take in
account the presence of an air conditioning system; as seen in 4.5 only the minimum requirement
for air change has to be respected.

It is possible, anyway, to use an average value for the air change rate n considering the real presence
of people and layout of the building as seen in 4.6, with an increase of ventilation losses that reflects
more the real energy consumption. This choice reflects the first two step calculation for Qr (see 3.7,
3.8) when we used an average value for ACR n; with the third step the Hungarian procedure allows
the designer to split the heat gain between standard heating systems (boilers, district heating, heat
pumps) and air conditioning system. In case of building with big volumes that require a high
demand of ventilation to guarantee the air change, such as our library, the designer can decide to
use the AHU also to heat up the spaces, covering part of the heat demand with air conditioning.
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The Hungarian specifications has set up a specific calculus for primary energy consumption for
HVAC systems E_1: all the losses through the air ducts are considered and as well the electric
energy required by ventilators and auxiliary systems. This is a huge difference that reflects a weak
point of Italian procedure, especially for building served with primary air system like our library
where A/C and ventilation heavily affect the global consumption of primary energy.

Anyway it is possible to take in account the thermal losses in air ducts and electric energy
consumed by ventilators considering them in the power consumption of auxiliary machines in the
recovery system and in the losses of the distribution subsystem, as we have done with our software.
The numeric results are almost the same.

No controls are required on humidity in the Hungarian regulation: all the calculation to control
surface condensation and humidity condition within walls (Glaser diagrams) by the plan designer or
architect during the early phase of the project.

If it is required an energy audit instead of a certification these calculations would be are performed
to check the presence of mould, corrosion of sealings, walls and plaster, especially if the building
has a lot of thermal bridges and an inadequate air change rate.

Another important difference is the presence of primary energy calculation for cooling and lighting,
required as mandatory in the Hungarian EPC, in addition to heating and DHW.

These two calculations, most of all the cooling one, are very important to quantify the performance
of a building: as we have repeated several times the demand of cooling, especially for residential
sector, is becoming more and more relevant, and an energy certificate cannot omit a technical report
and energy rating on this matter.

It is not required at present, even though it has been introduced a methodology in the last UNI-TS
Part 111, the calculation for primary energy consumption for cooling in the Italian procedure; it is
only calculated a specific energy requirement EP;,, which does not consider how the cooling load is
handled, with its power plant, machines and auxiliary.

In the case of existing buildings of tertiary sector, or for open space ambient as airport, museums,
auditorium, halls, exc.. the cooling demand can be significantly high, even more than heating in
particular warm climatic conditions, and its energy consumption has to be considered in the
certification.

We have anyway to report a positive aspect of the Italian regulation: the requirement for energy
performance EP are separated in two big groups, one for residential and one for non-residential
buildings. In this way all the mixed-use buildings, as the one under discussion, belong to the second
group and have a unique and fixed requirement.

As we have reported previously this does not happen for the Hungarian certification, where the
intention of the energy board editing the normative was to create three categories for building
depending on their destination of use. This choice on one hand promotes a more accurate analysis
with specific requirement that vary depending on the use of the building, but on the other hand
creates problems for mixed-use buildings that do not fit exactly in these three classes and that
actually do not have a requirement.
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As we have underlined, whenever it is needed to create a requirement “ad hoc” the certification
becomes misleading, with responses that do not reflect the real energy performance of the building.

The final recommendation to increase the EE of the building are more limited with the Italian
procedure considering that cooling machines and lighting are not contributing to the global energy
consumption. This means, whenever the building has already an efficient envelope, sealings,
windows, heating and DHW production system, no saving measure can be suggested even though
there are possible solutions that could be implemented on cooling or A/C power plant.

It follows that the Hungarian EPC, at the moment, is more complete and accurate by assessing all
the forms of energy actually used in the building.

The analysis through the Italian software was more precise, thanks to the big database for walls and
glazed structure, climatic data for all localities with degree days, temperature and R.H. profile for
every month, occupation times depending on the type of building and more sub-menu that give
access to technical details and allow to evaluate properly the efficiency of existing heat generator.
However this detailed analysis can be made as well with Hungarian softwares for energy
certifications (e.g. WinWatt) , that are available on the market. It was a decision of the writer not to
use them, considering that all the calculations could be handled even without it thanks to the
detailed tables and informations already provided by the Hungarian regulation.

The reduction of energy demand thanks to renewable energies is suggested and can be calculated in
both the procedures; in the Hungarian case ( see XI page 18411of Regulation), as we have seen for
the solar thermal system, this means a change in the energy factor e depending on which RES is
used.

The Italian calculation is more accurate because it is based on UNITS 11300 Part 4, a specification
released on June 2012 especially focused on RES and their implementation on building system to
reduce the energy demand for heating and DHW. It is taken in account the contribute of all the
latest renewable energies, such as thermal and PV solar, biomass, geothermal, eolic and
hydroelectric to produce electricity or as energy source for heat pumps.

Here below are summed up the main differences between the Hungarian and Italian procedure to
issue an EPC for a mixed-use building as the one under discussion.
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Italian Procedure

Hungarian Procedure

RES taken in account with detailed specifications
(UNI'TS 11300 Part 4).
CHP system design, DH and heat pump energy
analysis.

Absence of standard requirement for building out
of category, necessity to create a fictive building
with “ad hoc” requirement. Absence of
generalization for similar buildings.

Solar gains always considered in heat demand

Simple and effective division between residential
and non-residential for building requirement

Every Region has developed its own certification
procedure, with standard and peculiarities that do
not allow a national generalization of EPC.

EPC contains primary energy consumption for
A/C systems, cooling and lighting,
with ad hoc calculations attached in the
Regulation.
Energy performance rating more accurate and
complete.

No control on air comfort, R.H., surface and
external condensation during the certification,
calculation made before during early design
phase.

No requirement for global efficiency of service
systems.

Energy demand for DHW based on UNI 9182
with detailed calculation for daily consumption

Energy requirement more precise, tailor-made to
building’s destination of use.

To complete our report we will compare the results obtained through the Hungarian and Italian
calculation in the same table; the specific consumption is measured in kWh/m?, therefore the Italian

results have been converted from kWh/m?.
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kWh/m?a Hungary Italy

EPheating 18.81 55.58
EPventilation 78.75 ;
EPphw 7.85 8.67
EPcooling 26.46 18.63
EPlighting 19.25 -
EPgion 151.12 64.25
Global Category A

Global Category with office
building requirement

Category DHW - A

Category cooling -

We have to keep in mind that the Hungarian global EP is higher because it also takes in account
cooling and lighting needs and calculates more precisely A/C systems consumption.

The Italian EP global considers only heating, which includes also infiltration and ventilation, and
hot water production. The Italian certification has a specific category for DHW , unlike Hungarian
that includes it in the global EP.
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Also the cooling evaluation is different: the Italian procedure considers only the energy required to
maintain comfort conditions inside the building and balance the solar gains, while the Hungarian
calculates the primary energy effectively used and needed in the cooling power plant.

However it can be seen that in both cases the DHW and cooling consumption is very similar, while
heating is different because of the different contributes. The global category is higher with the
Hungarian procedure, but as we have reported this is only caused by the absence of requirement for
mixed-use buildings. If we consider the library as office building we can see it has the same
category D obtained through the Italian way.

This is very interesting and it means that both the procedures are well-structured because they are
both based on accurate studies of thermodynamics, energy transmission and service systems.

This is why they assess in a similar way the energy consumption and efficiency of the library we
have analysed, even though they use different specifications.

The two procedures are both referring to EPBD, thus this means that the EU Directive is effectively
a powerful mean to analyse the housing sector and find saving measure to reduce its energy need
and its impact on the environment.
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CONCLUSIONS

“Buildings are at the core of the European Union’s prosperity. They are important to achieve the
EU’s energy savings targets and to combat climate change whilst contributing to energy
security.

An enormous unrealised energy-saving potential lies dormant in buildings. In untapping that
potential, not only more energy efficient buildings, but also better living conditions, financial
benefits and sustainable jobs can be provided for Europe’s citizens.

Dr. Péter Szal0, Deputy Secretary of State of Spatial Planning and Construction

In these few words lies all the importance of EPBD, as a unique way to gather all EU member states
and to cooperate and work together for a better, sustainable and environment-friendly future.

The Energy Certification of buildings has immediate benefits that do not make it just another
confused political document but an effective guideline to find new ways for saving energy
overcoming market barriers with economic benefits for everybody.

Nowadays in the EU every designer and technician who wants to work in the housing sector has to
use his professional skills, creativity and intelligence being aware of the European Directive and its
implementation in the specific country he is employed in.

In this new context all the lifecycle of a building has to be designed following a sustainable
manufacturing, constructing and use phase, with a reduction of primary energy consumption, a
lower impact on the environment and climate change (CO, emissions), that lead to economic
savings and better living conditions for building occupants.

In this sense the scientific research can help a lot, as the building sector affects multiple fields of
interest, among the others service system, air comfort, acoustics, architecture, electricity, lighting,
applied physics, renewable energies, new materials and construction techniques.

This new scenario will be possible if the EPBD will spread all over the housing sector, from the
designer to the building owners, and this is why the first chapters were dedicated to introduce and
explain the European energy guideline and the technical regulation for Hungary and Italy.

As we have shown by using both Hungarian and Italian procedures, the Energy Certification is able
to assess correctly all the factors playing a role during the lifetime of a building. Furthermore, the
designer or in general the qualified expert issuing the EPC can find and then propose to the building
owners solutions to improve energy efficiency and reduce maintenance and use costs.

This is the core of the EPC, as we have seen in the Certification made for the University library of
Debrecen, and benefits can be obtained even if the project is referring to a different technical
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specifications. As we have seen with Italian and Hungarian cases, the result do not vary in a
significant way, because we are dealing with regulations based on scientific studies of energy use in
buildings. Most of the time the diversification is caused by different legislation, standards and
requirement that change even within the same country, as seen for Italy.

Anyway EPC, although it’s the most visible part of the EPBD, is still a “work in progress”, with
technical specifications that need to be continuously updated, language and legislation barriers to
overcome and weak points that have to be fixed, as we have seen in the comparison between the
Hungarian and Italian procedure.

The first step for EU member states is the full and proper adoption of EPBD, with an effective
implementation that oversees regionals specifications, especially for countries with a very
diversified legislation like Italy, through nationally tailored adjustments. Only in this way every
project will not need to be updated and modified depending on the legislation of the country or
region where it is built, and comparisons among European states will be made easily.

A part of the job has been done, but there is still a long way to go, as it can be seen in all the
discussions between the EU countries on how to implement the respective articles of the EPBD
recast. A broad range of topics, including, among others, software programs, qualification
requirements for auditors and quality assurance of certificates, modalities of transferring and storing
energy performance certificates, publishing of certificates and adaptation of the certificate to new
requirements (especially concerning the nearly zero-energy buildings requirement and the cost-
optimum methodology), layout and information included in the certificate, acceptance of the
certificate in the real estate sector, and use of certificate data for monitoring processes has yet to be
discussed to reach common results generally accepted and valid for everybody.

More surveys and studies are needed to assess correctly the influence of EPC on the market value of
buildings and its impact on employment, and at the same time state administration have to offer
subsidies on the basis of energy certification to motivate project developers to apply increasingly
more efficient technologies.

Continued efforts are and will be needed across the board to reap the full benefits that lie inside this
Directive, especially to slim and clarify the energy guideline and make them simpler to understand
for every citizen who wants to issue an EPC for his property.

We hope that during our energy report even a lay reader was able to follow the general guideline,
and at the end of the work he can realize what the designer has found out during his calculations
and how it is possible to improve the efficiency of a the building and reduce its use costs.

The commercial softwares, as the one it has been used, can help the public to get along with Energy
Certification with a direct and immediate impact that does not require particular scientific
knowledge and technical competences.

The retrofit and refurbishment of buildings in this sense is the sector with the most unexpressed
potential that can guarantee jobs and energy savings for a lot of countries, especially the ones with
an old and quite inefficient housing stock as Hungary that needs severe renovations to meet the
requirements set by the EPBD.
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Hopefully in an immediate future whenever entering in an estate agency we will not only look to
the price, net area, location and design of a building but also to its energy category, and this will
become a decisive factor influencing the buyer’s decisions.

New energy policies, with the support of stakeholders, universities and research institutes, have to
be published to support and enforce the EPBD into achieving the ambitious goal for all new
buildings constructed in Europe to become nearly-zero energy buildings by 2020.

The EPC can become an incisive mean for every citizen of the European Union to enhance the
conditions of their private houses and for governments to renovate their public ownership,
achieving results that can be actually perceived during the use phase of the building with money
saving and better living conditions (visual, acoustic and thermal comfort).

Besides this, every time a building’s tenant or owner issues an EPC he will find out and discover
more about energy performance, efficiency and energy costs; thus, he will change his way of
thinking and he will be more aware of what is and how energy can be saved.

This is not something that happens every day, and that’s why we all should start to think in a
different way every time we look to a building; probably we will not see just some bricks, concrete
walls and glass melt together, but we will discover an energy core that needs to unleash its full
potential.

135



REFERENCES

Republic of Hungary National Renewable Energy Action Plan 2010-2020 ;

Ministerial Decree No. 7/2006 (V.24) TNM, published on National Gazette No. 107 13
August 2012;

“Implementing the Energy Performance of Buildings Directive (EPBD) featuring
Country Reports” Brussels April 2011

“About the new energy requirement for buildings”, Dr. Kalmar Ferenc, Department of
Buildings Services, University of Debrecen

Zold, A. (et al.) Az (j epuletenergetikai szabalyozés, Bausoft, Pécsvarad, 2006

“Kozponti Fiitési Rendszerek Illesztése Feldjitott Epiiletek MegvAltozott Energetikai
Igényeihez”, Prof. Kalmar Ferenc, Debreceni Akadémiai Bizottsag Miiszaki
Szakbizottsaga, edited by Pokoradi Laszlo, Debrecen 2005

Official Journal of the European Communities, 4.1.2003, L 1/65-71

Official Journal of the European Union, 18.6.2010 L 153/13-34

“ Trasmissione del calore ”, C. Bonacina A. Cavallini L. Mattarolo, edited by Cleup

“ Mechanical engineer Handbook ”, edited by Hoepli Milano

“DM 26/06/2009 - Enforcement of DLgs 192/05 , Abstract ANIT 15 September 2009
“DPR 59/09 — Enforcement of DLgs 192/05”, Abstract ANIT 30 June 2009

“National report on the Hungarian energy regime”, Andrea Farsang and Alan Watt, CEU
Central European University, Department of Environmental Sciences and Policy,
Budapest

“Benchmarking regulations on energy efficiency of buildings — Executive Summary”,
REHVA Olli Seppanen Guillaume Goeders May 2010

“Environmental improvements potentials of residential buildings”, Francoise Nemry
Andreas Uihlein, JRC Scientific and Technical Reports

136



WEB SITES REFERENCES

www.epbd-ca.eu/
www.kormany.hu
www.anit.it
www.aicarr.org
www.rehva.eu
www.agenziacasaclima.it

http://www.geni.org/globalenergy/library/national_energy_grid/hungary/EnergyOvervie
wofHungary.shtml

www.tradingeconomics.com
www.kme.com
http://www.met.bome.hu/TECHNOLOGIA/SZERELT-2012/MK_12_107.pdf

www.idronicaline.net

137


http://www.epbd-ca.eu/
http://www.kormany.hu/
http://www.anit.it/
http://www.aicarr.org/
http://www.rehva.eu/
http://www.agenziacasaclima.it/
http://www.geni.org/globalenergy/library/national_energy_grid/hungary/EnergyOverviewofHungary.shtml
http://www.geni.org/globalenergy/library/national_energy_grid/hungary/EnergyOverviewofHungary.shtml
http://www.tradingeconomics.com/
http://www.kme.com/




APPENDIX

We will report here only the tables and technical details that cannot be found in the Hungarian and Italian
specifications to accomplish the calculation of an EPC.

All the architecture and building service system data are contained in the plans provided by Dr. Kalmar
Ferenc and, for obvious copyright reason, cannot be here attached.

A lot of information were also taken from manufacturer catalogues that can be found on the website link
attached.
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HUNGARIAN CALCULATION

The total thermal transfer coefficient used in the Hungarian procedure are the following:

Oe 1/ ae 0 1/0;
W/m2K m’KIW | W/m? | m?K/W
K
Vertical walls 24 0.0416 8 0.125
Floor on the soil 8 0.125 6 0.166
Basement floor 6 0.166 6 0.166
Flat roof 10 0.10 10 0.10
Mansard 12 0.083 10 0.10
Balconies 24 0.0416 10 0.10

These are the corrective coefficient y used to take in account the thermal bridge losses in the U-value of
building elements.

A hohidak hatasat
Hatarolo szerkezetek kﬁq £z0 .
korrekcios tényezd
X
gyengén hohidas 0,15
kiilsé oldali, vagy szerkezeten beliili " —
megszakitatlan hoszigeteléssel kbzepesen hohidas 0.20
) . erdsen hohidas 0,30
Kiils falak ™ — -
gyengén hohidas 025
egyeb kiilso falak kozepesen hohidas 0,30
erdsen hohidas 0.40
o gyengeén hohidas 0,10
Lapostetok kozepesen hohidas 0.15
erdsen hohidas 0,20
. } - 3 gyengén hohidas 0.10
Beépitett tetOteret hatarolo szerkezetek kozepesen hohidas 0.15
erdsen hohidas 0.20
Padlasfodémek * 0.10
Arkadfodémek ¥ 0,10
. ) " szerkezeten beliili hoszigeteléssel 0,20
Pincefodémek ™ ; — -
also oldali hoszigeteleéssel 0,10
Futdtt es firtetlen ferek kozdth falak. firtdtt pincetereket hatarolo, kiilso oldalon .
. 0,05
hoszigetelt falak




The value depends on the ratio length of thermal bridge\total opaque facade, and the three range are given in
the table below.

A héhidak hosszanak fajlagos mennyisége (fm/m’)

Hatarolo szetkezetek Hatarolo szerkezet besorolasa

gVengen kbzepesen erdsen

hohidas hohidas héhidas
Kiilso falak <(.8 08-1.0 =10
Lapostetok <10,2 02-03 =03
Becpitett tetdtereket hatarolo szerkezetek =04 04-05 =03

In the calculation of heating consumption we report the value for C, , which depends on the net floor area,
technology of the boiler and its location, inside or outside the heated space. The table contains also the
values for the electrical consumption of the boiler gy, .

VI1. tablazat. A fiit6tt téren kiviil elhelyezett kazdnok teljesitménytényezoi, Cy és
segédenergia igénye. g,

Teljesitménytényezok CJir [-]

Alapteriilet Allandé hémérsékletii | Alacsony hémérsékletii Kondenzécﬁés Segédeng‘gilla Trv
Ay [m?] kazan kazén kazan (kWh/m/a]
100 1,38 1,14 1,05 0,79
150 1,33 1,13 1,05 0,66
200 1,30 1,12 1,04 0,58
300 1,27 1,12 1,04 0.48
500 1,23 1,11 1,03 0,38
750 1,21 1,10 1,03 031
1000 1,20 1,10 1,02 0,27
1500 1,18 1,09 1,02 0,23
2500 1,16 1,09 1,02 0,18
5000 1,14 1,08 1,01 0,13
10000 1,13 1,08 1,01 0,09




WVI1.2. tablazat: A fiitstt téren beliil elhelyezett kazanok teljesitménytényezdi. Cy és
segédenergia igénye. gxy

Teljesitménytényezok Ck [-]
Segédenergia gy,
[kWh/m™/a]
Alapteriilet Allandé hémérsékletii [ Alacsony hémérsékletii Kondenzacios
AN [m2] kazan kazan kazan

100 130 0,79
150 124 0,66

200 121 0.58
300 1,18 0.48

500 0,38

750 1,08 1,01 0,31
1000 0,27
1500 1,15 0,23
2500 0,18
5000 0,13
10000 0,09

The tables below show the values for the heat losses in the terminals g, , depending as usual on the net floor
area, supply/return temperature and location of the pipes inside or outside the heated spaces, the specific
losses caused by the control systems g, and the electrical consumption of pumps in the hydraulic circuit
Ers,. (see Eq. 3.12)

Alap- A héelosztas veszteségei gz, [KWh/m/a]

terﬁletl;g Vizszintes elosztovezetékek a fiitott teren kiviil

Ay [m] 90/70°C 70/55°C | 55/45°C | 35/28°C
100 138 103 7.8 4.0
150 10,3 71,7 5.8 29
200 8.5 6.3 4.8 23
300 6.8 5,0 3.7 1.8
500 5.4 3.9 29 1.3
=500 46 34 2.5 1.1




Alap- A hoelosztas veszteségel gy, [kWh/m™/a]
teriiletig Vizszintes elosztovezetekek a ftott téren beliil
il
Ay [m” - . - -
v [or] 90/70°C 70/55°C 55/45°C 35/28°C
100 4.1 29 2.1 0.7
150 3.6 2.5 1.8 0.6
200 33 23 1.6 0.6
300 3.0 2.1 1.5 0.5
500 238 2.0 14 0.5
> 500 2.7 1.9 1.3 0.5
s Grh_ : agvds
Rendszer Szabalyozas [KWh/m?/a] Megjegyzések
Vizfilités Szabalyozas nélkil 15.0
Kétcsoves Epilet vagy rendeltetési egység egy
radiatoros kézponti szabalyozoval 9.6
és beagyazott (pl. szobatermosztattal)
fiitések Termosztatikus szelepek és més ardnyos
e ; c e 33
szabalyozok 2 K aranyossagi savval
1 K aranyossagi savval 1.1
Elektronikus szabalyozo 0.7 Ido- és homeérséklet szabalyozas
i PI - vagy hasonlé tulajdonsaggal
Elektronikus szabalyozo optimalizalasi Pl ablaknyitas, jelenlét
funkeidval 04 érzékelés funkeidkkal kibovitve
Egycsoves Epilet vagy rendeltetési egyseg 1 Pl lakasonkénti vizszintes
fiitesek kézpont: szabalyozoval 96 egycsoves rendszer
(pl. szobatermosztattal)
Id&jarasfiiggd kdzponti szabalyozas 55 Pl. panelépiiletek atfolyds vagy
helyiségenkeénti szabalyozas nélkiil - atkoto szakaszos rendszere
Termosztatikus szelepekkel 33

VI1.9. tablazat: Fajlagos villamos segédenergia igény [kWh/m®/a]
20. 15, 10 és 7 K héfoklépcsd esetén, Eps-

Fordulatszam szabalyozasii szivattyi | Allandé fordulatd szivattyn
Alap- Szabad fiitofeliletek | Beagyazott | Szabad fiitofeliiletek | Beagyazott
tei'l'jleti g futofeliiletek fiitofeliletek
Aw [m] 20K | 15K | 10K TK 20K | 15K | 0K TK
90/70 | 70/55 | 55/45 90/70 | 70/55 | 55/45
°C °C °C °C °C °C
100 | 1.69 1.85 198 3,52 2,02 222 | 238 422
150 | 112 | 124 | 135 240 142 | 156 | 1.71 3.03
200 | 0.86 | 0.95 1.06 1.88 1,11 1.24 1.38 244
300 | 0,61 | 0,68 | 0,78 139 081 | 091 | 1,04 1.85
500 | 042 | 048 | 057 1,01 057 | 065 | 0,78 138
750 )1 033 | 038 | 047 0,33 045 | 052 | 0.64 1.14
1000 | 028 | 033 [ 042 0,74 039 | 046 | 058 1,02
1500 | 023 0,28 037 0,65 0,33 039 | 0,51 0.90
2500 | 020 | 024 | 033 0,58 028 | 034 | 046 0,81
5000 | 017 | 022 | 030 0,53 024 | 030 | 042 0,74
10000 | 0,16 | 0,20 | 028 0,50 022 | 028 | 040 0.70




Going on with DHW consumption (Eq. 3.13), these tables down below contain all the values for qypy o, ,
qumv,: and Ec.

VIL4. tablazat: A melegviztarolas fajlagos vesztesége, gmm: (a tarold a fiitott légtéren belul)

Alap- A tarolas hovesztesége a nettd melegvizkészitési hoigény szazalékaban

terii- A tarold a futstt légtéren beliil

letig Indirekt fiitési Csteson kiviili arammal mitkédo Nappali arammal miikédo Gaziizemil
Ay tarola elektromos bojler elektromos bojler bojler
[m’] % % % %
100 24 20 13 78
150 17 16 10 66
200 14 14 8 58
300 10 12 7 51
500 7 8 6 43

> 500 5 6 5 35

VILS. tablazat: A melegviztarolas fajlagos vesztesége. gmy;: (a tarolo a fiitstt 1égtéren kiviil)

Alap- A tarolas hovesztesépe a netto melepvizkészitési hoigeny szazalékaban

terii- A tarold a flitott 1éotéren kiviil

letig Indirekt fiitésii Csteson kiviili drammal Nappali arammal mitkodo Gaziizemi
A_}; tarolo miikddo elektromos bojler elektromos bojler bojler
(m] % % % %
100 28 24 16 97
150 21 20 12 80
200 16 16 10 69
300 12 14 8 61
500 9 10 6 53
750 6 8 5 49
1000 5 8 - 46
1500 4 7 - 40
2500 4 6 3 32
5000 3 5 2 26

10000 2 4 2 22

4. A melegviz elosztas veszteségei
VIL.6. tablazat: A melegviz eloszto és cirkulacios vezeték fajlagos energiaigénye. Qmypr

Alap- | Az elosztas hoveszteséee a nettd melepviz készitési hdigény szdzalékdban
teriiletig Cirkulacidval Cirkulacid nélkiil
ri_.\; Elosztas a futott | Elosztas a flitdtt | Elosztas a fiitétt | Elosztas a futott
[m] téren kiviil téren beliil téren kiviil téren beliil
%% % %o %o
100 28 24
150 22 19
200 19 17
300 17 15 13 10
500 14 13
750 13 12
=750 13 12




5. A cirkulacios vezeték fajlagos segédenergia igénye
VIIL.7. tablazat. A cirkulacios vezeték fajlagos segédenergia igénye. E;

Mapt_jl:lmg Fajlagos segédenergia 1gény [kWh/ ml_.-"a]

[m’]
100 1.14
150 0.2
200 066
300 0.49
500 034
750 027
1000 0.2
1500 018
2500 014
5000 ol

= 5000 0.10

Now we provide the parameters to properly assess the ventilation and A/C consumption E;;+ (Eqg. 3.14).

VIII.1. tablazat: Ventilatorok dsszhatastoka. rven

Ventilator térfogatarama | Ventilator 6sszhatasfoka
Vg [o0/h] s [-]
Nagy ventilatorok 10.000 < Frr 0,70
Kozepes ventilatorok 1.000 < Frr< 10.000 0.55
Kis ventilatorok Frr< 1.000 0,40

VIIL.2. tablazat: A teljesitmény és az igény illesztésének pontatlansaga miatti veszteség
a nettd hoigény szazalékaban. f17s-

héomeérséklet esetén

Rendszer Homeérséklet szabalyozas modja | frr.- Megjegyzés
%%
20 °C feleth befuvas: | Helyisépenkeént: szabalyozas 5 | Ervényes az egyes hely1
hémérséklet esetén Kozponti eldszabalyozassal, 10 | (helyiségenkénti) és a
helyiségenkénti szabalyozas nélkiil kozponti kialakitasokra,
Kozponti 30 | fiiggetleniil a levegd
&g hel}riségenkénti IllElegiTéS de_]fiTOl
szabalyozas nélkiil
20 °C alatt1 befivas: 0 | Pl: hovisszanyeros rendszer utofiito nélkiil




VIIL.3. tablazat: Kor keresztmetszetii légcsatornak egységnyi hosszra vonatkoztatott
héatbocsatasi tényezdje Upg [W/mK] a csdatméro. sebesség és hoszigetelés fiiggvényében
Csd Szigetelés nélkiil | 20 mm hészigetelés | 50 mm hoszigetelés
atmérd Aramlasi sebessée wy,, [m/s]
d [mm] 2 4 6 2 4 6 2 4 6
100 | 1,39 | 1.83 | 208 | 053 | 057 | 059 | 0,32 | 033 | 034
150 [ 195 [ 257293073 [ 080|083 043|045 046
2001248 1328 13741094 | 1.03 | 1.06 | 053 | 056 | 0.57
300 [ 349 [ 463 529133 [ 147 [ 152075 | 079 [ 080
5005491727830 213|234 1243 ] 1.17 | 123 ] 1.25
800 | 830 | 110 | 125|329 | 363 | 3.78 | 1,79 | 188 | 1.92
1000 | 101 ] 134|153 ] 405 | 448 | 466 | 2,20 [ 232 | 237
1250 | 122 ] 16,2 | 185 ] 499 | 552 | 5,76 | 2,71 [ 286 | 2,92
1600 | 1521201 | 230 ] 629 | 6,97 | 7,28 | 342 [ 361 | 3.69

VIIL4. tablazat: Négyszog keresztmetszetii légesatornak belsé felilletre vonatkoztatott
ce e .. 4. - . .. _ -
hoatbocsatasi tényezoje a sebesség és hoszigetelés fiiggvényében. U [W/m'K]

Aramlési sebesség Szigetelés vastagsaga [mm]
Wiy [11/5] 0 10 20 30 40 50 60 80 100
1 2601160116 (091 ]075]064]055] 044 ] 0.36
2 369195133101 [082]068]069][ 046038
3 440) 2121141 1105|084 ]1070]060])] 047|039
4 490223145 1,08]086]0,72] 061048039
5 5291230148 (1,10 087]072]062] 048 | 0,39
I5 560|236 151111088 073062048039

A légesatorna f, veszteségtényezoje futstt téren kiviil halado 1égesatorna esetén £, = 1, fiit6tt
térben haladé vezetékeknél £, = 0.15 értékkel szamithato.

Here below we report the values Cy, for cooling machines (Eqg. 3.21).

IX.1. tablazat: szezonalis teljesitménytényezo. EER és hiitési teljesitménytényezo értékek. Cj

Hiutogép tipusa EER Cy

Kompresszoros léchiités (split) 2.5 0.40
Léghiitéses kompakt és osztott kiviteli 3.0 033
(tavkondenzatoros) folyadékhiito

Vizhiitéses folyadékhiitok (scroll 43 023
kompresszor)

Vizhiitéses folyadékhiitok (csavar 5.0 0,20
kompresszor)

Vizhiitéses folyadékhiitok (turbod 7,0 014
kompresszor)

Talajho/viz elektromos hészivattyn 5.0 0,20
Folgaz tizemi hoszivattyn, a gazmotor 1,7 0,58
hulladékhoje hasznositva van

Folgaz tizemi hoszivattyn, a gazmotor 14 0,71
hulladékhoje hasznositva van




It is also reported the climatic curve for heating degree days and length of heating season H and Z¢
depending on balance temperature difference At,. (Eq. 3.9)

I.1. tablazat: Hofokhid és fiitési idény hossza 20 °C belss homérséklet esetén
az egyensulyl homérsékletkiilonbség fiiggvényében

Egyensulyi homérséklet- Hofokhid Idény hossza
kiilonbseg [K] [hK] [h]
=8,0 72000 4400
9.0 70325 4215
10,0 65400 4022
11.0 66124 3804
12,0 63405 3562
13.0 60010 3295
14,0 55938 3003
150 51191 2687
16,0 45766 2346
17.0 39666 1980
18.0 32889 1590
19,0 25436 1175
80000 6000
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— 1 5000
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1. abra: Hofokhid és fitési idény hossza 20 OC belsé hémérseklet esetén
az egyensulyi homeérsékletkiillonbség fiiggvényében



These are the standard values for irradiation during winter and summer season I, and I,,,4,- and the specific
solar gains Qror.

1.3. tablazat: A napsugarzasra vonatkozo tervezési adatok

A szamitas célja Téjolds

E D |K-N
Sugarzasi energiahozam a filitési idényre fajlagos hoveszteséptényezd 100 400 200
szamitisihoz Oror [KkWh/m’/a]
Atlagintenzitis egyensulyi hémérsékletkiilonbség szamitisahoz I, [W/m’] 27 96 50
Atlagintenzitas nyari tillmelegedés kockazatinak szamitasahoz I, ., [W/m’] 85 150 150

Az EK-ENY szektorban az északi tajolas adatai mérvadok.

Here we can find the table to calculate the number of days of cooling season ny4 and the air change rate
Nnyar depending on the number of windows and aperture in the fagade.

1.4. tablazat:A nyari félévben a kozéphomérsékletek eloszlasa

1.
toromoe C | 16 | 17 [ 18 [ 19 ] 20 21 [ 2223 [24]25]26] 27
i 110 1 95|80 )66 |52 38|25 )15 8] 5| 3| 1

II. Légesereszam tervezési adatok a nyari tulmelegedés kockazatanak megitéléséhez

I1.1. tablazat: Légcsereszam tervezési adatok a nyari tilmelegedés kockazatanak
megitéléséhez természetes szelloztetés esetén

A légesereszam tervezeési ertéker nyaron, Nyithato nyilasok

termeészetes szelloztetéssel egy homlokzaton tobb homlokzaton

Ejszakai szelloztetds |nem lehetséges 3 6
lehetséges 5 9

Ejszakai szelloztetés esetében a nagyobb érték az alacsonyabb homeérsekletii kilso levegt kedvezo elohiito
hatasat fejez1 ki.



In these two charts are shown the fictive heat transfer coefficient W for external walls and basement floor,
depending on the U-value of walls and on the thermal resistance of the floor in contact with the ground.
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These two tables contain a list of parameter used in several calculus, including the energy transformation
factor depending on the energy source.

IV. Epiiletekre vonatkozé tervezési adatok

IV.1. tablazat: Tervezési adatok

Az épiilet Légcsere- Hasznalatt | Vilagitdas | Vilagitasi | Szakaszos |Belso ho-
rendeltetése szam fiitési melegviz energia energia fizem nyereseg
idényben netto igénye Igény | korrekcios | atlagos
n [1/h] hoenergia korrekcio |  szorzo értéke
Dpald [genye s )
Qv Qil s70126 c” P
[leL-"mz.-"'a ] [kWh.-"'mj.-"a] v [W .-"'111‘2]
Lakoépiiletek @ 0.5 30 4)? - 0,9 5
Irodaépiiletek 7| 2 | 0.3 | 0.8 9 11 0.7 0.8 7
Oktatasi 2510309 7 6 0.6 0.8 9
épl"lletekSJ
Energia e
elektromos dram 2. 50
csticson kiviili elektromos aram 1.80
toldgaz 1,00
tiizeloola) 1.00
sZen 1.00
tiizifa. biomassza. pellet 0.60
megnjuld (pl. napenergia) 0.00
Tavfités esetén e
toldgaz | biomassza
fiutomiivi tavfiités* 1.26 076
tavfiités kapcsolt kombinalt ciklusu 0.71 0.43
energiatermelés® (ellennyomasu)
kombinalt ciklusu (elvételes- | 0.43 0.26
kondenzacios)
gozkorfolyamata 0.87 0.52
(ellennyomasu)
gazmotor (=1 MWe) 0.55 0.33
gazmotor (=1 MWe) 0.72 0.43
gazturbina hohasznositoval 0.82 0.49




ITALIAN CALCULATION

The transfer coefficient with Italian regulation are:

Ole 1/ 0e (0% 1/0;
W/m?K m2K/W W/im? | m?K/W
K
Vertical walls 25 0.04 8 0.125
Floor on the soil 25 0.04 6 0.166
Basement floor 6 0.166 6 0.166
Flat roof 25 0.04 10 0.10
Summer EP,:

Coling performance is currently evaluated in the Italian certification by assessing an EP, for the envelope of
the building that takes in account transmission losses, solar and internal gains but not the primary energy
effectively used in the power plant.

It follows a range of classes for summer performance which are shown in the following table:

EP e, thermal load Evaluation Performance quality
(kWh/m? year)

EP e, thermal load < 10 Optimal |
EP e, thermal load < 20 Good I
EP e, thermal load < 30 Medium 11
EP e, thermal load < 40 Sufficient IV
EP e, thermal load = 40 Poor V




The evaluation can be also made with a dynamic approach, by assessing phase and shift of the heat gain. The
correspondent categories are the following:

Phase shift Attenuation factor Performance Performance indicator
S>12 Fa<0.15 Excellent |
12>S>10 0.15<Fa<0.30 Good I
10>S>8 0.30<Fa<0.40 Average Il
8>S>6 0.40<Fa<0.60 Sufficient \
6>S 0.60<Fa poor \Y

Here below the global irradiance during winter season and specific solar gains for the locality (Cuneo) used

in the Italian certification.

IRRADIAZIONE GLOBALE 3SULLE SUPERFICI (MJ/m?)
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