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Summary

In the paper | defined an idea called “sustain&lglese”. | draw up a working version of
energetic criteria of “sustainable house” with relg Hungarian natural resources.

As a result of the idea | emphasize the growingargnce of the regional energy
consumption and the primer energy of building mater
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1 Problem statement

It is a fact that the natural resources are limitadthe mankind with the way of present
use. The problem of ecological limitation of huneantivity is more important because the
foreshows say that the population and the consomati mankind will farther grow in the
next 40 years. Reduction of environment load ofldig’s, especially it's energy
consumption, is a possible an important element toosolve the problem.

European countries use 40% of their national eneogpgumption for the operation
of buildings. Because of this fact the buildingustty went through a large development
in the past years. New construction systems hasaapg (passive house, zero CO2 house,
etc.), which need totally new knowledge of plannimgthod, but make possible the
significant reduction of energy consumption.

Nearby the operation energy of buildings it is imipot to deal with the
manufacturing, or primer energy of buildings andldng materials. Nowadays mainly
academic experts deal with this problem, in thectoral building planning process
architects does not care with the primer energguwiiding materials. But it is with LCA
methods provable, that in the future, when the atpmr energy will be reduced, the role of
primer energy will be more important.

The European Union has made (Directive 2002/9)/&@l plane to take (passive
houses standard for new buildings after 2020) wiffekind of action to reduce the energy
consumption of buildings. | think it is questionapif the EU will be able to draw up
directives, which take care on the different ecowainand natural resources of member
states.

In the following | am looking for the answer, ifpbssible to define from the point of
view of ecology the definition and criterion systefifsustainable house”.



2 Sustainable building

Before we would define the “sustainable house” agehto clarify its connection to the
idea *“sustainable building”. The most frequentlyedisdefinition in Hungary for
“sustainable building” is the following:

»Creation and responsible operation of a healthylbenvironment with the effective
use of resources regarding the ideas of ecology.”

It is mainly evident what means the “creation aespbonsible operation of a healthy
built environment”, but we have to write more abdhé “effective use of resources
regarding the ideas of ecology”. During the plagnef buildings regarding the ideas of
ecology we have to consider the connections ofbthilling and the four principle (fire,
water, air, earth). We have to examine the conoestof natural resources and consumer
demand in the following fieldd=(g. 1):
= the use earth of buildings and the surroundindgsudélings,
= the energy management of buildings,
= the water management of buildings,
= the quality of building materials,
= the disposal of wastes during operation and haes&ing.

We have to examine the environment load of buildingng its whole life cycle.
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Fig. 1 The connections of built and natural environmeairfithe point of view of ecology

In the following we examine the idea and criterfidsustainable house” only from the
point of view of energy. The reason why we restong topic is, that the building
energetic nowadays is the most important fieldustainable building, and we have
several dates about energy consumption of buildings



3 Definition of “sustainable house” and complementi#on to its
energetic criteria system

It is clear, that on the phrasing of definition ha&ve to take care on the natural resources
and on the rate of resource consumption. It is bfferent if we have to define the
sustainable criteria’s of a single family living &ancrowded forest or a large colony living
in a rocky island. Therefore as we are lookingthar definition of “sustainable house” we
cannot examine the building itself only as a pdra darger environment with its natural
resources. The approach is similar to “ecologicatgrint” method, which determined
how can calculate the territory need of an examipepulation. [1] We can define the
“sustainable house” the following:

“Sustainable house” is a building the resource aom@tion of which throughout its
life-cycle is not more than the resources availdblethat building in the examined area.

[2]
By taking into account the broader aspects of swatée building activity to define
the energetic criteria system, at least two impairtamplementary notes must be made:
= 1) Also the local environmental load must be stddn addition to the consumption of
regional resources.

= 2) When erecting buildings, efforts must be mamtecbst-effective optimization —
instead of minimization - of the environmental Idadthis case energy use), subject to
the regional conditions.

Note 1) is important, as we must not lose sighthef objective, that is, to create a
healthy built environment. There are numerous Bastechnological solutions (e.qg.
outdated wood burning), which are based on renewahbtural resources, but their use
indoors or in a microenvironment results in highssion values.

On the other hand, Note 2) is important with regeyrdhe economic and social
“pillars” of sustainability. It is hard to deny tha building of higher (energetic) quality
calls for higher investment costs. Moreover, in egah it can be established that on
European level the more developed regions of higtemmomic potential are densely
populated areas, so they have limited natural ressuConsequently, it would be unfair in
social terms and hardly practicable economicaflyye’d specify the same requirements
for all regions. The criteria system for the “susaéble house” must be specified on
regional level and the applied technologies assess¢éerms of cost-effectiveness, from
time to time.

4 The energetic criteria system for “sustainable houss” in Hungary
(version 2.1)

In the followings | present a definition of the egetic criteria system for “sustainable
houses” in connection with a relatively large regioe. the whole territory of the country.

A “sustainable house” construed in the contextmiditions prevailing in Hungary
may only rely on the yield of the country’s natuealergy capital (sustainable consumption
of renewable energy resources). The energy dembbdildings can be covered by the
following sources, depending on the natural resmsumf the country and on the current
technical potential:
= Heating: biomass utilization, thermal water uglinn, solar energy;
= Domestic hot water production: solar energy, bissnatilization;



= Cooling: electricity gained from renewable sour@ssrequired,;
= Cooking: biomass, electricity from renewable reses;
= Lighting: electricity gained from renewable sowsce

4.1 What does “sustainable consumption” of renewablenergy resources mean?

4.1.1 Heating — domestic hot water production — c&ing (thermal energy demand)

The solar energy available within the territorytieé country exceeds the demands by far
as Hungary could harness 1800 PJ solar energye whel country’s total primary energy
consumption amounts to 1153 PJ. Both individuats @mmunities may use solar energy
unlimited, although energy storage as well as thial cost of equipment required for
utilization does represent a problem.

The theoretical biomass potential of the countt than be utilized for energetic
purposes is 203-328 PJ, of which 200 PJ energy bmarutilized according to the
calculations of the Hungarian Academy of Scienae66 PJ energy according to the
document prepared earlier on ministerial level.4BCurrently a considerable part of the
biomass is used for electric power production invgo plants, however, the energetic
efficiency of this process is questionable. Imigrof energetics, it is more advantageous
to use a major part of the biomass for thermal regging purposes to ensure that at least
90 PJ biomass is recovered for heating of buildarg$sfor domestic hot water production.

A further possibility is the recovery of thermal temenergy, primarily for larger-
scale usage. According to the Subcommittee of Taolgres of Renewably Energetics in
the Hungarian Academy of Science, 10 PJ energyheftheoretical 63 PJ potential is
realistically utilizable. [4]

4.1.2 Electric energy

In Hungary, renewable energy resources such as so&gy, wind energy and biomass
energy can be harvested and converted into eleetrécgy. The theoretical potential is
considerable; according to the calculations of thengarian Academy of Science the
theoretical photoelectric utilization potentialsuflar energy is 1800 PJ/year and that of the
wind energy is 530 PJ/year, however, without bimnasilization the realistically
recoverable potential is low, only approx. 15-2%y/@dr. [4]

It must be noticed that this amount of energy sifficient for meeting the current
electricity demand. If this amount of energy wilbtncover the electricity demand of
buildings even after realization of energy effidgrprojects, biomass may and must be
used for additional electric power generation.

4.2 What energetic standards a “sustainable housdias to comply with?

It is possible and necessary to divide the avasladrtergy into different segments in
accordance with energy demands, and energeticiart@n be specified for each segment.
For the purpose of this concept we don’'t specifgdbenark values for the use of

sustainable resources in the building material strguon account of two reasons:

= On the one hand, the energy used for the produofibuilding materials in Hungary
amounted to 10.6 PJ in year 2005, compared to4Bd”@ energy used in the residential
building and communal services sector, thus if segondary importance as far as the
present energy consumption is concerned. [5] Howéle primary energy demand of
applied building materials calls for further resgawork. Recent research results prove



that natural materials have attributes that heipitamize the environment load
imposed by building material production. [6]

= On the other hand, there are no statistical dagarding the ratio of applied materials
manufactured in Hungary, nor is an overall dat@oergy demand available. Later the
below described criteria system must be correciédtive criterion relating to the
production energy of building materials.

In what follows we define the criteria for the “saigable house” only with regard to
building operation. The available primary energyn dze divided differently from the
method described below; it is subject to politidatision which energy should be used for
which purpose.

4.2.1 Thermal energy: domestic hot water demand

Although the energy demand of heating constitutes greatest part of the energy
consumption of buildings, it is the domestic hottevaproduction, for which we first
specify a standard, when we determine the cririgustainable house”. The reason we
do this is because the quantity of hot water cabealecreased for hygiene considerations.
The rate of use of the necessary renewable resooareonly be rationalized by improving
the efficiency of building machinery systems.

In Hungary the average hot water consumption rymsuwl0-50 I/day/person in the
residential and to approx. 0-10 l/day/person in ¢cbenmunal sector. Renewable energy
resources (60 % solar energy, 40 % biomass or tlenater) can be used to satisfy the
domestic hot water demand. Considering the totgbulaion of the country and
10,000.000 “unit consumers”, and assuming 85 %ieficy of building machinery at net
12.5 PJ, the gross energy demand of domestic het weoduction amounts to 14.5 PJ.

Based on the above it can be established that“sustainable house” the energy
demand of domestic hot water supply can be salisheHungary by harvesting solar
energy in the conventional way, and at maximum Gd%r 400 kWh biomass or thermal
energy use per annum per person. Assuming 85 Hiesfly of building machinery and
considering the typical domestic hot water demaindboseholds and communal buildings
(4:1) and with regard to the area ratio of resid¢r@nd communal buildings (2:1), gross
10 kWh/nfa biomass or thermal energy is required in caseesiflential buildings and
gross 5 kWh/rfa in case of communal buildings.

4.2.2 Thermal energy: heating energy demand

Having defined the renewable energy required fagidne purposes, we can proceed to
determine the energetic criterion for the heatiggteans of buildings, which have the
highest energy demand.

According to sectionWhat does sustainable consumption of renewablerggne
resources mean‘“potentially 90 PJ biomass, 10 PJ geothermal eramgyunlimited wind
and solar energy can be harvested in Hungary. Suec@ave to use 14.5 PJ energy for
domestic hot water production, only 86.5 PJ biomasd geothermal energy can be
utilized for heating purposes. Direct use of s@aergy and wind energy for thermal, i.e.
heating purposes is not economic according to tresemt state of knowledge and
professional recommendations

Therefore, we use two hypotheses to calculate¢héry energy demand:
= a) According to the per capita amount of energyiding the available energy by

10,000,000 (the population) the per capita enes@6 GJ or 2,400 kWh/year/person,
which means about 5 q firewood per year per peiGonsidering that this amount must



cover the heating demand of both households andlijes, 3.5 g/year/person firewood
can be calculated for the heating of dwelling hgsuse

= b) According to the energy demand per square médtee building stock of Hungary
represents about 480,000,000 (@,000,000 flats of average 8¢ area, and about half
as much office and public buildings). With regasdhe heating energy demand of this
sector, the gross primary energy demand of thegaswable house” runs up to 50
kWh/mfa biomass or thermal water energy. The benchmauie \can be specified as
net heating energy demand of 43 kWfdmwith reference to the energetic quality of the
building and assuming 85% efficiency of buildingaheery.

The followings must also be considered for speaiitn of the heating energy demand:

= 1) Itis recommended to determine the benchmadtevaccording to method b). For
building design purposes it cannot be defined h@amyrpersons will occupy a given
building, which — in case of method a) — would riegdifferent benchmark values to be
considered by the designer.

= 2) The benchmark value can be considered an avgedge. Later the benchmark
values should be made more specific for new buglsliexisting buildings to be
modernized in terms of energetics or for existingdings that cannot be modernized
(historic buildings).

4.2.3 Electricity demand: cooling, household appliaces

According to the conservative hypothesis outlinedsection,What does sustainable
consumption of renewable energy resources medor', meeting the electric energy
demand required for building operation, where we dot took into account biomass
utilization, 15-25 PJ energy can be harvested frenewable energy sources. This amount
of energy is available for meeting the energy deimaincooling, lighting and household
appliances. As the energy consumption of dwelling aommunal buildings currently
amounts to 83 PJ, the energy consumption mustdieatly reduced.

In case of family houses, adequate architecturdlsamuctural design can completely
eliminate the energy demand for cooling under thesgnt climatic conditions. As for
offices and multi-level dwelling houses, the energguired for cooling the buildings
could be an order of magnitude lower by applyinguperative ventilation systems or
systems for cooling the structure or geothermal lpeanps instead of conventional air-
conditioning systems. Even the energy demand dftihg systems and household
appliances must be further reduced, since the aremeagy consumption of an average
dwelling house in Hungary without cooling amounts 1,500 kWh, which means 20
kWh/nra for a flat of average size.

If we wish to provide electric power for the ,sustble house” only from regionally
harvested water, wind and solar energy, 25 PJ gnem@vailable. Considering the typical
electricity consumption of households and commimadings (1:1) and the area ratio of
households and communal buildings (2:1), gross\Wh/k¥a in case of dwelling houses
and gross 22 kWh/fa in case of communal buildings must be provideddnyesting the
water, wind and solar energy to meet the coolingfitihg and other electric energy
demand of the buildings.



5 Case study

5.1 Hungary’s first non-qualified passive house

The family house of 300 frarea was constructed in accordance with the recomed
passive house technologdyiqure 2). The walls are made of concrete by using polesigr
falsework, and the floor structure is heat-insulaséab with polystyrene concrete filler.
The windows have 3-pane heat-protection glazings tfhe air-tightness of the building
meets the passive house criteria. A recuperativeilagon system fitted with ground
collector is operated in the building. A ground m@uheat pump provides supplementary
heating and domestic hot water production. Curyemtb adults and three children occupy
the building.

The total annual energy consumption of the buildsidl1,400 kWh. Two components
make up the energy consumption related to heatmagydmmestic hot water production:
annual current drain of the heat pump is 4,000 kWi the recuperative ventilation
system requires 1,700 kWh energy. Consequentlybtiilding’s energy consumption per
area is 19 kWh/fa for heating and domestic hot water productior, 25 kWh/nfa for
other electric appliances.

The building does not comply with the energetidecia specified for the ,sustainable
house“. Of the total 38 kWh/a consumption only 12.5 kWhfm can be considered as
gained from renewable energy resources. If we weshproduce the remaining 25.5
kWh/nfa energy using biomass in the ordinary thermahtplaurrently operated in
Hungary, we would need at least three times as npuchary energy sources. This way
the house would require 75 kWHfmenergy from renewable energy sources, while in
accordance with sectioWhat energetic standards a “sustainable house”ustti@omply
with?” only 60 kWh/nfa energy of the country’s resources can be usesubtainable
utilization of renewable energy sources. It mustnoéed, however, that by using solar
collectors for hot water production the house coulget the energetic criteria of
»Sustainable house*.

Figure 2 Building constructed using the passive house tdolgyo



6 Evaluation of the ,sustainable house” concept

The followings must be considered for evaluatiothef concept:

= relation between the present status of energyuropgson and the computed potential,
= regional characteristics of energy supply, and

= technical and economic possibilities of realizatio

Table 1 shows that the total residential and communalnthérheat demand (heating,
domestic hot water production) is approx. 427 Pdijemcurrently the total utilization of
thermal biomass and geothermal energy amountsawot &3.5 PJ (approx. 40 PJ biomass
and 3.6 PJ geothermal) according to the 2009’ datdished by the Hungarian Central
Statistical Office. Comparing the electric energgménd and potential reveals an even
higher disproportionatenesgable 1 shows that present consumption is 84 PJ, while we
produce 6.8 PJ (5.7 PJ biomass and 1.1 PJ windvatet) by harvesting biomass, wind
and water energy. [7]. Thus the utilization ratesimoe significantly increased to achieve
the renewable energy utilization assumed for titerc system!

Tab. 1 Areas of residential and communal energy consumphbiased on 2005’ data published by
the Hungarian Central Statistical Office [5, 8]

Sector Residential Communal Total

PJ % PJ % % (nationwide)
Heating 229.7 54 141.5 65.0 32.19
Transport 110.6 26 19.6 9.0 11.29
Cooling, lighting, 38.3 9 45.7 21.0 7.28
cooking, other electri¢
power
Hot water production 46.8 11 10.9 5.0 5.00
Total of above items 425.4 100 217.7 100.0 55.77
Total energy 1153.2 100.00
consumption in
Hungary

It is important to emphasize that the ,sustaindiese” criteria must be determined on
regional level. Let's consider the example of hgamps or passive houses, that is, the
electric energy based heating systems. Althougbetiechnologies might be supported in
certain EU member states or even on EU level, inapwyion they are not ideal for
Hungary.Table 2 shows that while the present value of renewaldetetity production is
183 PJ in Austria and average 38 PJ in the EUsdnee value is only 7.2 PJ in Hungary,
considering 10,000,000 inhabitant-equivalent. Femtiore, with regard to the electric
energy based heating systems in Hungary it mustaken into consideration that
according to section What does “sustainable consumption” of renewablesrgp
resources mean?the economically feasible potential of electrioyeo generation using
renewably energy sources runs up only to 25 PJ even the medium term, without
taking into account the power plants using biomasss amount of energy fails to meet
even the present typical household energy demandyan application of state-of-the-art
electric energy based heating and domestic hot rwateduction systems would not
facilitate sustainability, if we consider the pnesstechnical and natural conditions.



Tab. 2 Primary energy consumption of EU and certain merstaes [9]

EU27 Germany |Austria Hungary
Primary energy consumption (PJ)75 626.17 | 14 214.19 | 1415.14 | 1 130.44
Population (million inhabitants) 495.00 82.30 8.30 10.10
.Hungary scale” measurement qf
primary energy consumption
measured " (PJ) 1543.08| 1744.39| 1722.04 | 1130.44
"Hungary scale* measurement qf
renewable energy usage (PJ) 120,45 144,38 407,58 59,45
"Hungary scale" measurement qf
electric power generation (PJ) 246,77 281,35 277,62 143,76
"Hungary scale" measurement af
electric power generation using
renewable resources (PJ) 38,58 41,38 183,03 7,20
Informative data: assuming the
buildings in Hungary, electric
energy per square meter
(kWh/m’a) 22,34 23,96 105,97 4,17

Decisions have to be made on regional professipodtical levels to specify which
building operation systems should be supportedtitigation of which natural resources.
Based on these decisions the utilization of renésvabergy sources must be increased up
to the limits defined in the criteria system. Hayiachieved this level, we’ll be able to
establish that there are benchmark values, basedhach it is technically feasible to
realize operation of all Hungarian buildings usihg country’s own resources.

As for the heating energy demand, the 43 kWh/rheating energy demand
calculated as an example is higher than the 15 k¥&hspecified for passive houses in
case of new buildings or the 30 kWHarproposed for restoration. Making the most of the
lesson learned from the technical solutions appiregassive houses, it is possible to
design buildings, which meet the criterion of simgthility both in case of new
constructions and restoration projects. Hereby iutstn however, be emphasized that
building machinery systems must be applied in @uasible houses”, which can be
maintained using the country’s own existing resesirc

Although further research is required to inveseg#te possibilities of economic
realization of ,sustainable houses", it is likehat because of lower energetic benchmark
values, ,sustainable houses” can be constructadaater cost than passive houses.

7 Conclusion

The most important fundamental element of the @nable house” concept is the use of

construction and building operation technologieiclv can be operated by using existing

own inherent resources. The following assertiortstasks can be stated with a view to the

application and further development of the concept:

= 1) Sustainability criteria must be defined foralkas of environmental sustainability as
well as for energetics.

= 2) It is theoretically proven that — consideriing tregional conditions of Hungary — an
energetic criteria system can be defined for thist@nable house®, which is technically
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feasible and in case of realization the countryisyaenewable energy resources can
cover the energy supply demand of the country’&dngs.

3) To meet this criteria system it is essentiakddically reduce the present energy
consumption and significantly increase the utillzalenewable energy sources.

4) 1t is proposed to define the sustainabilitytesta system on regional or micro
regional level, subject to local conditions.

5) In case of building sustainable houses, thk tascost-effective optimization not
minimization of the energy demand of buildings,jeabto local conditions. Applicable
technologies must be studied and evaluated frora tortime also with a view to their
cost efficiency rate.

6) ,Natural* building materials of low environmeidad must be applied as far as
possible.
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