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Summary

The paper shows the life cycle of a low-energy cietd house from the viewpoint of GO
emissions. It compares the energy use in the cairge service life in relation to energy
input necessary for its assembly and manufactuahgingle building products. The
service life is described using both the standadizalculation methods for energy balance
of buildings and the open software tools, e.g. esgs well. The input data related to
embodied energy are based on information origigafiom selected recent works on life
cycle analysis.

The paper discusses the limits of the building &pe improvements in terms of
thermal insulation thickness and the sense of tiildibg environmental assessment.

1 Introduction

The European countries, the economy of which i®das export of industrial products

and services and completely dependent on imporfessil fuels, systematically support

the improvement of energy efficiency of buildingéey do it in two basic ways:

= Normatively and legislatively, using restrictiomsarder to ensure the basic quality of
buildings from the viewpoint of energy effectiveags.g. by requiring more and more
improved and detailed investigation of the futunergy demand for heating and hot
water preparation and by suitable systems of @iter

= Motivating, using various state and communal prograusually the aim of which is the
effective use of energy from fossil fuels and tegalopment of alternative and
ecological energy sources (solar radiation, waterd).

These two basic instruments focus almost entirelybailding performance after its
assembly on the building site. Explained in termighe life cycle of a building, the
mentioned policy does not take into considerati@dnergy needed either for production
of the building materials or for assembly of a duify or for its dismantling. The main
argument for this exclusive concentration on thwise life of a building is that 40 % of
the total energy consumption is caused by operatidhe buildings. The remaining 60 %
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fall on industry and transportation, whereas 20otlese 60 % are supposed to be caused
by production of building materials, building preses, renovation and dismantling of the
buildings. The following case study wants to shdattthis argumentation is no longer
valid for buildings built in compliance with exiagy standards or even in a low-energy
way. As the energy supply needed for the operatibrsuch buildings is quite low,

a significant rise of the building industry portienthin this imaginary scheme should be
a consequence.

In this context several questions occur, e.g.:

= Whether the perception of buildings as power plastsg renewable sources of energy
is justified in relation to energy inputs and £€émissions,

= Whether the currently used energy demand calculssbould not be complemented by
information on energy inputs needed for buildingessbly and manufacturing,

= Whether alternative and lasting (sustainable) lnugjeanaterials would be a kind of
solution and what is the optimal insulation of thalding envelope,

= Whether it is possible in the design phase to clanghe questions of G&&missions
due to the life cycle of buildings at all?

The presented study tries to find answers to thevalguestions. However it does not
reserve the right either on completeness or ablsglutrectness. It is far more an attempt to
realize to which extent the so called low-energgigie (in the sense of highly insulated
building envelope) is meaningful and where is ih@tlto the overflow of material — and
related production energy and financial resources.

Keywords. Energy, C@-emissions, life cycle of buildings, service litssessment

2 Methodology

The crucial problem of the presented comparisol€©$-emissions due to the expected
building operation on the one side and due to thik-im energy on the other side was the
gathering of reliable data regarding the £¥missions due to the production of building
materials. Usually, the building industry does restord information on kilograms or tons
of CO,-emissions per building product, e.g. brick or vand Under circumstances these
values could have been derived from the annualrted single companies, if they had
been at our disposal and had included the-8@@issions and the number of products per
year. Unfortunately this was not the case. Theegfsome research in the libraries and on
the internet was necessary. This effort showedttieae had been serious research on this
topic done, particularly in the German speakingntoes. From a number of serious
sources first of all the use of information in #hestrian Okologischer Bauteilkatalog [1],
the German Okologische Bilanzierung von Baustoftei Gebauden [2] and on the
website www.architektur.tu-darmstadt.de/ee [3] wasde. The majority of the relevant
values in all three cited publications are identivdhere differences occur (mostly steel,
iron and aluminium based products) the newer in&tiom was taken. The necessary
energy input for the production of building matégiaised for the assembly of the case
study building and the related G®missions were calculated using the PEI (Primary
Energy Input [MJ per unit of material or producghd the GWP (Global Warming
Potential [kgC@-eq. per unit of material or product]) values ire thited publications.
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Unlike the notion PEI, which is quite comprehensjbthe notion GWP should be
explained at this point. The GWP represents not argroduction of single C&emissions
but also other greenhouse gases that contributeetglobal warming as well and have the
same impact as comparable amount of,-€f@issions, e.g. methane, NOr particles.
Hence, it is more the measure of all relevant dgrease gases converted and added up to
CO.-equivalent emissions [1].

The energy demand for heating (operation) of thse cudy building was calculated
using the software esp-r — a kind of open softwardantegrated building simulation [4].
Just for the verification purposes also a calcolataccording to the German energy
conservation decree EnEV2004 [5] was performedimaily in order to get a plausible
initial range of heating power for esp-r model @sda kind of reference. The calculations
were based on climate data for Berlin. The resglgalculated annual energy demand was
converted into primary energy demand and follow@@-emissions using the conversion
table published in “Der 0sterreichische Gebaudefieausweis — Energiepassport”
written by Professor Panzhauser et all [6]. Howgetlee same conversion coefficients are
introduced in esp-r, too. Of course, only the feksls-based C®@emissions were traced.
As a primary energy source for heating the natymaldelivery was taken into account.

3 Casestudy

The construction of detached houses (up to 190amd apartment buildings (having flats
with up to 80 M) is in Germany and many other countries, e.g. &l very often
supported by the state under the fulfilment of aartonditions. One of these conditions
represents the compliance of the project with thiédimg regulations, e.g. the minimum
thermal resistances of the main building envelopenponents, the highest allowed
transmission heat loss (thermal-coupling coeffici@fil’)) of the entire building envelope
and maximum heat or even primary energy demand.Fitnel andFig. 2 show the floor
plans, the cross section and the characteristivagbe of the family house in
consideration, the basic versions of which meet #imve mentioned standard
requirements both for Germany and for Slovakia &H.\Whe basic versions were the
heavy one (brick masonry combined with thermal lzson) and the lightweight one
(thermally insulated timber frame-work).
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Fig. 1 Floor plans of the investigated detached house
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Each of the basic versions was then modelled andlated with four other combinations

of the thermal insulation thicknesses accordinthéol ab. 1.

Tab.1 Combinations of building envelope elements modelled

Brick house Lightweight house

Mean [W/(m°K)] |0.41] 0.32) 0.30 0.29 0.28 0.41 0.32 0.30 0.2928Q.
U-Value:
U-values of| Base plate| 0.76 0.48 048 0.48 048 0.76 0.48 0@488 0.48
single party|  Walls 0.25| 0.19 0.15 0.13 0.11 0.25 019 0.15 0.0311
of the Roof 0.17| 0.15 0.14 0.14 0.12 0.17 05 014 0.142
building | \windows | 1.09 1.09 1.09 1.09 1.09 1.09 1/09 1.09 91.0.09
envelope | r once | 1.50 | 1.50 1.50 1.50 1.50 1.50 1.50 1/50 1.50 1.50
[W /(m?K)] door
Therm. ins.| Base plate| 0.02 0.05 0.05 0.05 0,05 0.02 0.05 0@B5 6 0.05
thickness Walls 0.10| 0.15 0.20 0.25 0.30 0.14 019 0.24 0.P833
[m] Roof 0.22| 0.25 0.27 027 0.30 0.22 025 027 0.230

The U-values of the windows remained in all caltales the same. The simulations were
performed using esp-r. THag. 3 introduces pictures of the one zone model of dEec
study house generated by the Radiance [7] modulennésp-r. The ventilation heat losses
were set to 0.5 air change per hour. The heat gamsepresented by occupant sensible
ones only Fig. 4). They stand also for heat gains due to equipraadtlight in order to
keep the model as simple as possible. The reqincesbr air temperature was set to 20 °C
and an ideal zone heat control was chosen.
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Fig. 2 An elevation and the cross-section of the invetigiaetached house
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Fig. 3 Visualization of the one zone model of the casdyshouse

In addition to the simulation of the heat energyndad an ecological balance model
(fig. 5) for each of the 10 combinations (5 for each baersion) has been set up and the
PEI and GWP values calculated. In the balance msdtiel transportation of final products
from the factory / the selling place to the clianid the processes at the building site, e.g.
the production of shuttering, the formworks or tls® of machines were not considered.
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Fig. 4 Heat gains distribution over the week

4 Interpretation of results

The diagram 1 (ifg. 6) shows the comparison of the &@missions due the energy demand
for heating between the heavy (also called “brickige”) and lightweight variant of the
case study house (the compared bars are alwaythdosame mean U-Values of the
building envelope). The brick house performs sligltetter due to the higher thermal
capacity. This difference would be probably higliehe ceiling between ground floor and
attic was simulated.
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ECOLOGICAL DATA PROFILE:

[m] [m?] [m] | [ka] [ksfm’] ["-Qfm‘l [hhg] | [MJ] ["9 00 E—ﬂ-"“Q] [kg CO 2.!1-:""9]
Foundations
thermal insulation harizental (Rockneol) 0.02000| BB.B00  1.665 85000  85.000 17.500 17.500 2476.888 1.200 1.200
verical (XP'S) 0.05000| 50.400 2520 | 37poo 37.000, 101.0000 101.000 9417.240 3.600 _3.600)
waterproofing (PVC,0,002 m; Tkg/m2) 20.000 | 80,000 1500.000 15000000  63.0000 53.000  4240.000 2.200 2.200
Lmlta.l.a.l.mm.l.u.m.ﬂ%ﬂsﬁ..o 24 k§/im2) 20,000 19,200 2700.000 2700.000 200.000 714000 13708.800 13.000 36.000
nommal concrete. + faundatinns) 42.000 2000.000 2000.000 0.800  0.800 67200.000 13.000 0.130
normal goncrete - flaor (3 x 10 x 0,03 m) 2.400 2000.000 2000.000 0800 0800 3840000 13.000 0.130|
6.000 25000007 1200.000 1640 0100 1080.000 0.002 0.000
Total; 101982728
Walls
exterior plaster (Silikatputz) 160,000 0.420 1500000 1800000 1788 15000  1206.000 0298 0.200,
thermal insulation (Rockwaol) 0.10000) 160.000 16.000 148000 140000 17.000  17.000 40522.000 1.400 1.400
30 cm bricks 0.30000 27.800 750.000 750.000 2500 2600 54210.000 1.300 0.130
25 cm hricks 0.25000 8860 750.000 750.000 '2.600 2,600 17277.000 1.300 0.130
17,5 em hiicks 0.17500 3620 750.000 750.000 2600 2600 6264.000 1.300 0.130
premade brick canier({0,12 x 0,085) 0,357 1887.000 1887 .000 3.500 3500 1609898 0.300 0.300
above windows and doors) [ :
normal concrete 1.000 2000.000 2000.000 0.800  0.800 1600.000 0130 0.130
Lemmm 1.110 2400.000 2400.000 0.800 0800 2131200 0.130 0.130
100.000 7850.000 | 24000 35000 3600.000 1.700 2.400
Lns.ula.tmu(XPS d=0,05 m) 0.05000) 5000 0.250 37000 37.000 101.0000 101.000 934250 3.600 3.600
anmm(?s 1 kg/m?) 1.88 14081 33" 338.000 633.75 27 200 27.200
{Kalkputz, d = 0.002m) 350000 0.700 1300.000' 1200.000 1.13¢ 1500 1260.000 0.136 0.200
Tutal 132034 198
Ceiling faging bricks 5760 750,000 20600 11232.000! 0.130
ceramic ceiling bricks [100 kg/m?] 70.000 | 7000000 2.700 18500.000 0.300/
ceramic ceiling canier [16 kgfm] x 108 m | 1728.000 3.500)  6048.000 0.300/
i 0.530 2400.000 0.800  1017.600 0.130
nommal canerete (8 x 100 x 0,05 m) ES ) 2000.000 ) 0.800,  &400.000 ) 0.130
reinforcing steel 370.000° 7850.000 24000  36.000 13320.000 1.700 2.400
Tatal: 56817600

Fig. 5 Ecological balance model of one of the 10 combametiin tabular form

Comparison of CO2-emissions
based on Heat Energy Demand
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Fig. 6 Diagram 1: Comparison of the G@missions based on energy demand for heatingstgain
the mean U-value of the heavy (“brick house”) dagttiveight variant of the building envelope.

Unlike this information, which is already quite kmo, the diagram 2 ({B. 7) explains the
relationship between the improvements of the meawalues by increasing the heat
insulation thicknesses on one side and the reducdtieenergy demand for heating on the
other side. It is quite obvious that the linearuatn of the heat energy demand is
achieved by the geometrical increase of the heaidation thickness. Somewhere between
the mean U-Values 0.30 and 0.32 WA which corresponds to approx. 17.5 cm of
thermal insulation of the brick house and apprakc of the lightweight house, stops
then the rational increase of the thermal insutatioickness. Just to compare: for the
improvement of the mean U-Value from 0.41 to 0.3ZiK) and the reduction of heat
energy demand in the range of 1500 kWh/a 5 cm oéddhitional thermal insulation is
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necessary. But the next increase of the thermalldatisn by 5cm brings about the

improvement of the U-Value by just 0.02 WA and the reduction of heat energy
demand in the range of 300-400 kWh/a. This leadkdaconclusion that the efficiency of

the increase of the thermal insulation thickness it& economical and also ecological
limits as it will be obvious from further diagramihey can be quite well established using
the computer simulation tools.
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Fig. 7 Diagram 2: The effect of the mean U-value improvenie dependence on heat insulation
thickness upon the heat energy demand reduction.

Diagram 3 Fig. 8) is a summary of the performed study and deplotsicrease of the
CO,-emissions due to the building and operation ofcdee study house for both the heavy
(B — brick house) and the lightweight (LW) variamas well. For each variant
5 modifications of the thermal insulation thickn€ss diagram represented by the mean
U-values) were examined. The starting values oflittes are the calculated GWP values
due to the fabrication of the construction mateaiad building products. The inclination of
each line is then caused by the annuaj @@put due to the building operation.

Looking at it two basic information can be deduced:

The improvement of the mean U-Value, and hencedh@emal insulation thickness,
under 0.32 W/(IfK) does not have significant effect on €@&duction within the first
25 years of operation. On the other side the GWRevalue to the fabrication of
construction material and building products camrease in case of heavy construction by
up to 16 % and in case of lightweight constructmnabout 30 % for the U-Value of
0.28 W/(nfK) against base variant. Provided that the buildomeration is based on
renewable energy sources these lines would beosalland closer to constant value.
Therefore it might have sense to introduce a restldersystem of limitations on the initial
GWP values due to the fabrication of constructiaterial and building products.

The lightweight variant seems to perform environtaliy better than the heavy one.
It is then purely the question of expected buildsegvice life and material durability that is
to consider primarily when doing the decision betwéeavy and lightweight variant.
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Fig. 8 Diagram 3: The C@emissions due to manufacturing and operationettse study house

calculated in dependence on time for both the h€&wy brick house) and the lightweight (LW)
modifications of the building envelope (represeriigdhe mean U-values).

5 Conclusions

The current exclusive focusing on the energy edficy of the building operation leads to
heavy insulated building envelopes and to thezatiion of alternative renewable energy
sources (mostly on a decentralized basis). In gl@chis trend is right as the good
insulated building envelope is a basic precondifarefficient use of energy, regardless if
it comes from conventional or renewable sourcesvéver, as the above case study tried
to show the increasing the thickness of thermallat®n and the improvement of the
mean U-value are effective to certain extent ofiligen it becomes a kind of useless
overflow that just cost investment money. Providititat the building envelope is
optimized and the use of renewable energy souscesade, the third way to improve the
environmental harmlessness of the buildings is $& unaterials and products the
production of which is as much GQOree as possible. In order to do this a kind of
environmental product declaration for buildings [BPshould be introduced as
a complementary measure to energy passports ditgs that are being prepared at the
present. In fact the work and first discussionEE®Ds for buildings have already started,
too [8]. As the energy passports are quite compilaker and a subject to strong criticism
the author’s opinion is that the EPD’s should esislely cover the period of the building’s
life cycle prior to its commissioning. The othertiop would be an EPD that would consist
of the energy passport and of some other docurhahitould describe the environmental
quality of the building manufacturing before itsmissioning. Whatever the decision will
be, there is a lot of reliable information on thevieonmental quality of building products
and materials already available. It can help pregjue architects to assess and optimize
the design quality from both points of view — theilthng operation and the building
manufacturing as well. Perhaps, as a consequenoewaarchitectural style based on
optimally insulated buildings supplied from centgaden power plants could originate.
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