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Abstract 

Current research uses the opportunity to contribute into Ukraine’s coastal residential 
area analysis by making energy conservation assumptions using LCEA method. The aim 
of research is to compare and contrast the LCE characteristics of retrofitted and rebuilt 
residential buildings, focusing on energy use improvement.  

A typical building, subject to renovation, was contrasted to retrofitted and 2 samples 
of energy-saving buildings (ICF and local material type). Each of the 3 scenarios’ 
performance was examined during the embodied, recurring, operating and demolition 
stages of the building LC. The retrofitted scenario reached 47.15GJ/m2, close to the local 
material result, 49.48GJ/m2, proving the effectiveness of expensive in construction shell 
stone. The ICF building operated best, but was highly embodied and reached the highest 
LC values (65.2GJ/m2). Retrofit was preferred for building renovation and local stone for 
future constructions. Improvements to each of the scenarios were suggested, i.e. 
insulation change, reducing the highly embodied (energy and carbon) polyurethane.  

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

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

Introduction 

It has become a well-known fact that the world’s energy consumption is growing 
rapidly. A gap between the reducing energy supply and its constant demand is 
approaching to a level that it cannot sustain. Energy saving in architecture is particular 
important to this issue as a significant portion of the energy is consumed by buildings. 
This work explores the way to make a step forward to energy use reduction in a country, 
which is searching for the most efficient energy saving targets to be set in the nearest 
future. 

The investigated coastal area of Ukraine, in particular the Crimean peninsula, is a 
popular holiday destination. The coast line is becoming an area of governmental as well 
as community concern and has become one of country’s first territories to undergo 
renovation and rebuilding.  

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



construction industry and residential sectors, which account for nearly 40% of the total 
annual energy consumption in the country. Once the Kyoto Protocol was signed in Japan 
in 1997, which was ratified by Ukraine in 2004, the international community declared 
and implemented the concept of "sustainable development", which replaced the 
"technical progress" of the past.  Thus, having such a large area being planned for 
renovation in Ukraine, it appears to be a perfect opportunity for energy conservation 
estimations to be made and changes to be implemented from individual into the national 
level. Efforts to decrease the energy use during the improved building life cycle, as well 
as lessening the CO2 emissions of a single house case, is likely to potentially become a 
programme of sustainable and environmental development and energy cost savings for 
the entire area in question. 

Methodology  

For a thorough analysis of both retrofitted and rebuilt building variants, the limits of a 
single typical traditional building in Ordzhonikidze town, subject to renovation, was 
taken and contrasted to a retrofitted one and 2 similar samples of popular energy-saving 
buildings (ICF block type and local shell block material envelope) of the same 
characteristics: building and material volume, number of stories (3), occupants’ schedule 
(same during the year), equipment, etc. In this regard, the buildings were redesigned with 
not many sufficient changes, among them envelope material change, slight increase or 
decrease in the glazing areas, change of their orientation as well as switching the roof 
orientation from East-West to North-South.  

With regard to improvement scenarios, it was hypothetically assumed, that the new 
buildings would contribute less energy to the total amount during the operation phase 
(due to their envelope and other strategic enhancements like heat exchangers, passive 
solar techniques, etc) than the retrofitted ones. On the other hand, the share of embodied 
energy (EE) comprised in demolishing of the old building and erecting the new one, was 
seen to be quite large in comparison with the retrofitted building scenario. As well as 
that, the share of the EE of the ICF material was predicted to be higher than the shell 
brick material, due to the energy consuming manufacturing of concrete and steel. 

Procedures and data 

To achieve the targeted results, the following data were obtained and each of the 3 
investigated buildings was analysed in the following procedures: 
1. Initial building performance and weaknesses analysis was done and critical areas of 

the house were identified. 
2. Possible improvements to the building, passive energy saving techniques were 

suggested to be integrated in the building. 
3. Building modelling (retrofitted, ICF-block and local shell stone buildings), including 

the architectural amendments (i.e. glazing area changes) was done (ArchiCAD). 
Envelope structure was defined, U-values set. 

4. Building materials’ EE which includes manufacturing, transportation and building 
assembly was defined and quantity of material in each scenario was listed. Embodied 
energy of each building was defined and compared according to the formula ��� =
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Conclusions 

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

Local material, though being energy demanding during the construction process, was 
observed to be a cheap and energy-efficient material. Like in the retrofitted variant of the 
house, the change of the polyurethane insulation could not only decrease the initial and 
recurring energy during the life cycle, but minimize the CO2 emissions. With 
aforementioned advantages, the local shell stone material was seen to be quite good to 
compete with retrofitting scenarios, having a benefit of passive strategies integration 
while rebuilding.  

The modern ICF block material performed as the most efficient during the operation 
stage and created the lowest thickness for walls, while having the lowest U-value among 
the renovated investigated building scenarios. Though a lower embodied insulation is 
used for envelope configuration, the energy share of the material manufacturing was still 
high. Comparing to other scenarios, the insulation material could not be changed by the 
customer. Thus, the use of expanded polystyrene can only be avoided by the 
manufacturing companies. Until these changes are done – the ICF block insulation is a 
contrast between OE savings and large EE and CO2 inputs. Being not local, the ICF 
block material caused a large transportation energy share as the part of the EE. Hence, 
the ICF scenario EE has shown the highest values among the investigated buildings.  

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

Apart from the described ways of improving the rural territories of the Crimean 
peninsula in Ukraine, there appear a number of possibilities to improve the environmental 
impact and decrease the LC of a building. Among them is further investigation of energy-
efficient materials and the renewable energy use. Governmental encouragement of the 
rural territories, especially those of the Crimean peninsula, that receive the largest amount 
of solar radiation, is essential to promote the renewable energy in the region. Meanwhile, 
the passive improvements of old houses by the means of retrofitting and passive 
techniques use in the newly built houses is the key to meeting the energy saving targets of 
each individual and the region itself. 

 


