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Abstract

Current research uses the opportunity to contribute Ukraine’s coastal residential
area analysis by making energy conservation assomspiising LCEA method. The aim
of research is to compare and contrast the LCEackexistics of retrofitted and rebuilt
residential buildings, focusing on energy use iniproent.

A typical building, subject to renovation, was aasted to retrofitted and 2 samples
of energy-saving buildings (ICF and local materigbe). Each of the 3 scenarios’
performance was examined during the embodied, iagyroperating and demolition
stages of the building LC. The retrofitted scenaeiached 47.15GJAnclose to the local
material result, 49.48GJfmproving the effectiveness of expensive in comsion shell
stone. The ICF building operated best, but waslhigmbodied and reached the highest
LC values (65.2GJ/fr Retrofit was preferred for building renovatiomdaocal stone for
future constructions. Improvements to each of tleenarios were suggested, i.e.
insulation change, reducing the highly embodieefgy and carbon) polyurethane.

Efforts to improve a single house case are seeotentially become a programme of
sustainable development for the investigated area.

Key words: LCEA (Life Cycle Energy Assessment), retrofit, ogation, ICF block,
shell stone.

Introduction

It has become a well-known fact that the world'srgly consumption is growing
rapidly. A gap between the reducing energy supphg dts constant demand is
approaching to a level that it cannot sustain. §neaving in architecture is particular
important to this issue as a significant portionttté energy is consumed by buildings.
This work explores the way to make a step forwardrtergy use reduction in a country,
which is searching for the most efficient energyisg targets to be set in the nearest
future.

The investigated coastal area of Ukraine, in paldicthe Crimean peninsula, is a
popular holiday destination. The coast line is Ie@iog an area of governmental as well
as community concern and has become one of coanfingt territories to undergo
renovation and rebuilding.

Social and economic solutions for building renosatiand energy conservation
problems are crucial for the economy of Ukraine.eSéh solutions apply to the



construction industry and residential sectors, Wwhaccount for nearly 40% of the total
annual energy consumption in the country. Onceky@o Protocol was signed in Japan
in 1997, which was ratified by Ukraine in 2004, tindernational community declared
and implemented the concept of "sustainable dewetop’, which replaced the
"technical progress" of the past. Thus, havinghsaclarge area being planned for
renovation in Ukraine, it appears to be a perfegootunity for energy conservation
estimations to be made and changes to be implethé&at® individual into the national
level. Efforts to decrease the energy use duriegrtiproved building life cycle, as well
as lessening the G@missions of a single house case, is likely t@midlly become a
programme of sustainable and environmental devetoprand energy cost savings for
the entire area in question.

Methodology

For a thorough analysis of both retrofitted anduilibuilding variants, the limits of a
single typical traditional building in Ordzhonikieztown, subject to renovation, was
taken and contrasted to a retrofitted one and #dasisamples of popular energy-saving
buildings (ICF block type and local shell block ewx@l envelope) of the same
characteristics: building and material volume, nemtf stories (3), occupants’ schedule
(same during the year), equipment, etc. In thismgthe buildings were redesigned with
not many sufficient changes, among them envelopenmaachange, slight increase or
decrease in the glazing areas, change of theintatien as well as switching the roof
orientation from East-West to North-South.

With regard to improvement scenarios, it was hyptthally assumed, that the new
buildings would contribute less energy to the tatalount during the operation phase
(due to their envelope and other strategic enhaentsrmiike heat exchangers, passive
solar techniques, etc) than the retrofitted onesti@ other hand, the share of embodied
energy (EE) comprised in demolishing of the oldding and erecting the new one, was
seen to be quite large in comparison with the figted building scenario. As well as
that, the share of the EE of the ICF material waslipted to be higher than the shell
brick material, due to the energy consuming mariufatg of concrete and steel.

Procedures and data

To achieve the targeted results, the following de¢ae obtained and each of the 3
investigated buildings was analysed in the follayyomocedures:

1. Initial building performance and weaknesses anslysis done and critical areas of
the house were identified.

2. Possible improvements to the building, passive gnesaving techniques were
suggested to be integrated in the building.

3. Building modelling (retrofitted, ICF-block and Idcshell stone buildings), including
the architectural amendments (i.e. glazing areaxgd®) was done (ArchiCAD).
Envelope structure was defined, U-values set.

4. Building materials’ EE which includes manufacturirigansportation and building
assembly was defined and quantity of material shestenario was listed. Embodied
energy of each building was defined and comparedrdng to the formul&E; =



Y.m; M; + E., where nj = quantity of building material (i), M= energy content ¢
material per unit, E= energy used for construction of the build

. Building performance during operation ph in all the 3 scenarios was calcula
using the degree day meth¢(weather data for a typical year was taken f
Wundergroundweb sit). The annualloads were multiplied by the building
estimated life cycleOE = E,4L,, where OE = operating energyoa = annual
operating energy, J= life span of the building. Degree method with éoa$ 18°C
(65°F) was used to calculate the HDD (heating degtays) and CDD (coolin
degree days). After thDD were obtained, annual heating and cooling loade
estimated according to thermulas: H = PHL x 24 X HDD /AT for heating loads
andC = PCL x 24 x CDD /AT, where PHL and PCL are peak heating and co
loads respectively.

. Maintenance cost and frequency was estimated andetturring ener¢ (RE) was
calculatedEE, = Y, m;M;[(L,/Ln;) — 1], where I, = life span of the building, mi
= life span of the m@terial (i)

. Energy cost of demdion, including construction waste disposal, was edeah
DE = E + E, where DE = demolition energyp = energy for building destructic
and & = for transporting waste materials to the landiié

. Constructiorand life cyce energy cost analysis was held.

. CO, emission values for the three build life stages were estimated on the basi
the total energy consumpti

The data were collected from City Council (munidifges’) development plans ar

building legislation ofUkraine, as well as development companies congtgieinerg-
efficient modern house3he three buildings under investigation were regtesil to mee
the “B” (enery saving) Ukrainian energy benchmarking level, watishort perspectiv
of reaching the “A” (low energy) level. By the msaaf benchmarking, the buildin
were unified to approximate-values of materials and the operation phase engsg
respectively.

Distribution of life cycle energy in the investigagd buildings

Analysis of energy distribution i
each renovation scenario in tiLCA
process hach far more important rol
than the amount of energy itse
According to the percentage of e:
stage of the LCthe influence of eac
share was i@ntified in current resear.
retrofitted building scenaric
aimed to save energy, expenditures
time of the improvement process, wo!
though contribute a third of thLCE to
the REshare (29.53%) and only 8.5t
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Figure 1 Life cycle energy distribution of the retrofitted
building.

As a result of efficient renovatio
the house performs at a high level wit

minimum of initial cost, saving 48%f former energy demandsee Figure 2). This
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Figure 2 Life cycle openting energy comparson of the
initial, retrofitted and rebu ilt buildings.
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Figure 3 Life cycle energy distribution of the rebuilt ICF
house

scenario would be useful fi
homeowners of a low income, stretch
the extra energy on a 100 yedlifetime,
paying for regular maintenance a
material renovation. The risk in curre
situation is that improving the builcg at
the initial stage is only the first step. T
next 100 years need very care
attention to the building, otherwise t
RE share will grow rapidly due t

increasing heat losses in the building
extra cost of energy for cooling. As t
envelope materials are losing the
physical properties during thelimited
life span,they intend to cause multip
typical losses of thermal and structL
properties, as well as create a reg
need of visual improvement. This has
be taken into aawnt if the building is
retrofitted. In either way, the lifetinr
energy consumption, and respectiv
the expenditures, will grow to the le\
of a rebuilt building with an addition
mathematical progressic

Regarding new buildings, whic
were constructed after the old had b

demolished, theyperform in various ways according to tltechnologies used ft
construction and the building materials in par@culThe energy distribution in tiLC
view of the newly built ICF and shell stone buildingé$feli as wel (see Figures 3, 4).
However, the point the two technologies meet ith&EE character the construction of
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Figure 4 Life cycle energy distribution of the rebuilt shell
stone (local material) house.

a totally new envelope. A view on t
EE in comparison with thRE can judge
on the material characteristic and |
span. For istance, theEE share in the
ICF house has reached the s
proportion as the OE43.6%), while the
EE in the local stone variant of the hot
is only 11%.

As for the REn these two cases, it
opposite to the EHess in the ICF an
larger in the shell stone scenarios.
follows that the larger théEE of the
material —the less maintenance it ne¢
and vice versa. The ICF blocks appea
be a technology lasting for a building



life span with a 14% of maintenance, whereas thalimitvestments will be as large
the heating and cooling load for a hundred yeansét Once less investment is do
using the local material for a building erectidme RE share grows ih regard to a sho
life span of the materials. Although the two vatsaiseem proportional, the over
contribution of theEE and RI in the ICF block scenario is dramatically big, 5R@&
This means the first step expensre proportionally the same, meaning the homeo\
is supposed to input a half of the lifetime endimythe construction only

Buildings life cycle energy compariso

After each energy assessment stage had been ahalytse overall energ
consumption comparison was d. According toFigure 5 below, the totalLCE is the

Energy Use at Different Stages
of the Building Life Cycle
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Figure 5 Comparison of life cycle energy use at different ages. Retrofitted, ICF and local material buildngs.

least for the retrofitted building (47.15G.2), though the recurring and operation ste
benefit from the ICF building material. The higldgminating energy load for a mode
energy-eficient technology makes it less efficient in thgiom, where the material is n
manufacturedAs well as that, thinsulationand steel material manufacturing proc
makes the technology totally dominating in the edied enery use It is important to
underline, that the local material (49.48G?) is not only beneficial comparing to t
new ICF technology (65.2GJ? but also the way it performs comparing to
retrofitted scenario (47.15GJ?). Reaching approximately the samalues at each sta
of the building’s life cycl (see Figure 5), the retrofitted and rebuilt shell stone buildi
appear as efficient types of building renovatiod anergy use improvement. Accordi
to the energy use, both scenarios have an sage to be chosen. On the one hand
retrofitted building is easier to renovate, keepihg main structure of the building, a
thus improvingminor details and mostly insulation. On the othandh if a new building
demands the same energy uss the retrofitted one, this can be a chance not tm
rebuild the househe way the future ownerwish, but also change the form of 1
building tointegrate passit and active technologies foetter performancen this way,
a rebuilt building, which uses local sl-stone material, opens doors to furttOE
reductions, while roughly consuming the same enasggghe reofitted one.



Conclusions

As a result of the three building investigation.ergy efficient retrofitting was
defined as the most cost-effective scenario foersovation plan. It has a potential of
being the most environmentally-friendly scenario veall when avoiding the highly
embodied polyurethane insulation. Though this sterexperienced a large embodied
energy input of initial repairs and accordingly tieeurring maintenance input, it was still
the most economical among the others. The maimdisdage of this scenario is the risk
of increasing LCE due to no regular maintenance.

Local material, though being energy demanding dutine construction process, was
observed to be a cheap and energy-efficient matérie in the retrofitted variant of the
house, the change of the polyurethane insulatiadcoot only decrease the initial and
recurring energy during the life cycle, but minimizhe CQ emissions. With
aforementioned advantages, the local shell storterrabwas seen to be quite good to
compete with retrofitting scenarios, having a b#nef passive strategies integration
while rebuilding.

The modern ICF block material performed as the raffgtient during the operation
stage and created the lowest thickness for wahdewhaving the lowest U-value among
the renovated investigated building scenarios. §hoa lower embodied insulation is
used for envelope configuration, the energy shatbeomaterial manufacturing was still
high. Comparing to other scenarios, the insulath@terial could not be changed by the
customer. Thus, the use of expanded polystyrene ady be avoided by the
manufacturing companies. Until these changes ane dothe ICF block insulation is a
contrast between OE savings and large EE angd iGauts. Being not local, the ICF
block material caused a large transportation enshgye as the part of the EE. Hence,
the ICF scenario EE has shown the highest valuesm@rhe investigated buildings.

LCEA, separated in a hierarchy of variables, presidn efficient scientific approach
for energy conservation assessment in architeclurg.not only capable of comparing
the whole LCE need of a building; it is able to ose stage of a building LC in order to
improve another, which can assist an engineer oarahitect to make efficient and
economical changes to a building design.

Apart from the described ways of improving the fuearitories of the Crimean
peninsula in Ukraine, there appear a number ofipidiss to improve the environmental
impact and decrease the LC of a building. Amongntiefurther investigation of energy-
efficient materials and the renewable energy uss/e@mental encouragement of the
rural territories, especially those of the Crimgaminsula, that receive the largest amount
of solar radiation, is essential to promote theevgaible energy in the region. Meanwhile,
the passive improvements of old houses by the mednsetrofitting and passive
techniques use in the newly built houses is thettayeeting the energy saving targets of
each individual and the region itself.



