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ANALYSIS OF ENERGY EFFICIENCY
OF DESIGNED BUILDINGS

Abstract. In this article, the research is conducted with a purpose to assess energy efficien-
cy of engineering systems. The main role of ALDREN-EPC certificate is described here, which is to
determine the indicator of smart readiness of a building and the procedure for its evaluation. Also,
the article recommends a tool to improve the effectiveness of SRI. The requirements and prospects
of the EPBD ecosystem are outlined as well. Moreover, main causes of project degradation com-
panies are investigated. Such as the lack of specialists of the proper level, the outdated structure of
the project organization, as well as the lack of an understandable regulatory framework and train-
ing materials.

Keywords: Intellectual buildings, Smart Readiness Indicator (SRI), certificate of energy ef-
ficiency (ALDREN-EPC), building renovation passport, ALDREN-BRP, EPBD (Energy Perfor-
mance of Buildings Directive), energy efficient house, engineering systems.

Introduction

A sharp reduction in both fuel reserves and energy resources, climate change
and pollution have made people to reconsider and change the attitude to energy con-
sumption and energy conservation. A large number of modern engineering equip-
ment, new building materials, electronic automatic control systems, management and
regulation of in-house engineering systems have become available in Kazakhstan.

In order to reduce energy consumption, appropriate amendments and additions
have been made to building codes and other regulatory documents across Kazakh-
stan. The Law of the Republic of Kazakhstan "On Energy Saving and Energy Effi-
ciency Improvement" is introduced as a smooth transition to construction of energy-
efficient buildings. Two projects initiated by the United Nations Development Pro-
gram (UNDP) are ongoing in Kazakhstan, in particular "Energy efficient design and
construction of residential buildings" and "Removing barriers to improving energy
efficiency of municipal heat supply" [1].
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An integrated use of new technologies in construction makes it possible to re-
duce consumption several times. In residential buildings of a new generation, with
the use of innovative technologies, most comfortable microclimate and wellness con-
ditions for living are achieved affecting human health in a positive way.

According to the Technical Regulations and Eurocodes, buildings are expected
to meet such requirements as saving energy and reducing heat consumption; and, ad-
ditionally, rational use of natural resources is also to be considered. The efficiency of
energy use is a kind of an indicator of scientific, technical and economic potential of
society, which enables us to assess the level of its development [2].

The European Union has developed and approved certain methodology that de-
termines an indicator of smart readiness (Smart Readiness Indicator, SRI). The SRI
indicator embraces numerous information in relation to quality condition of a con-
struction object and plays a significant role in obtaining an energy efficiency certifi-
cate for a building that has undergone a deep renovation.

Materials and methods

The objective of H2020 ALDREN project funded by the European Commis-
sion is to contribute to the evaluation of buildings after renovation in terms of energy
efficiency by providing certain ways and tools that facilitate EU member states to in-
troduce new requirements of an updated EPBD directive. Having done this, buildings
are ready to receive European Voluntary Energy Efficiency Certificate (ALDREN-
EPC).

This very certificate covers a full range of data, including information about a
share of non-renewable primary energy, quality of indoor microclimate, financial
risks and reliability of a building (Figure 1).

Evaluation procedure for smart readiness indicator of a building

Evaluation is accomplished in three dimensions according to SRI:

* Principle A is simplified to some extent and is based a short number of ser-
vices (for example, for a residential building). Evaluation procedure of a single-
family residential building should be no more than an hour.

* Principle B relies on a full range of intellectual agencies (appropriate for
more complex non-residential buildings). Assessment can be half day or a day long.

* Principle C is based on measurements and various considerations.

As regards the duration of the evaluation, it fully depends of SRI complexity
level as well as data availability, hence SRI chapter has been added considering smart
readiness outlined in a catalogue of data passport on building renovation ALDREN-
BRP.

Along with ALDREN-EPC certification, data should be collected which is de-
signed to assess the SRI building's intellectual readiness index. Some of them are du-
plicated: for example, heating system management data is required for both SRI and
EPC. The coordination of SRI data with ALDREN modules ensures proper interac-
tion and prevents repeated data collection work. In the future, unified inspection and
data collection protocols will be developed for the RECAST-EPC certificate (for
buildings under reconstruction process).
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One of the main tasks of Energy Efficiency Certificates (EPC) is to facilitate
building owners and investors adequately evaluate the quality of an existing building,
including management systems, engineering systems and the potential for moder-
nization. Possible measures for improvement are outlined in the SRI assessment
methodology in the levels of functionality for each of 55 types of operational intellec-
tual readiness of a building. This leads to fragmentation of information and compli-
cates the work of SRI appraiser who is obliged formulate recommendations for a
building owner in a precise and coherent way.
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Figure 1 — Energy Efficiency Certificate ALDREN-EPC
(Electronic resource: The ALDREN project https://aldren.eu/)

Recommendations to boost SRI - a series of measures for modernization

Smart readiness of engineering systems along with associated levels of func-
tionality are grouped by technical areas. In addition, a tool has been developed that
enables grouping applicable in terms of efficiency measures into so-called action
packages. For example, recommendations for obtaining a higher SRI index using dig-
ital systems are presented in the following packages of modernization measures:

« flexibility of management system;

* interaction with network;

» management and control on demand (DSM).
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ALDREN-EPC certificate has a particular page that covers information in rela-
tion to smart readiness indicator. SRI evaluation is not only given with regard to cur-
rent situation, but it also outlines the evaluation that is likely to appear as long as all
necessary actions on realization have taken place. For smart readiness indicator ac-
cording to the criterion of influence "Flexibility in Energy Consumption", recom-
mendations for improving building evaluation in this direction are given under the
table (Figure 2).
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Figure 2 — ALDREN-EPC certificate page - evaluation of SRI for flexibility
of energy consumption system
(Electronic resource: The ALDREN project https://aldren.eu/)

SRI as part of ecosystem EPBD

The EPBD ecosystem is primarily formed by building quality assessment (EPC
energy efficiency certificate, BRP building renovation passport), and it also includes
reports from qualified experts working according to European standards. The EPBD
Directive contains various indicators (for example, renewable energy share (RUR),
the indicator of non-renewable primary energy (PEnren), etc.), which together pro-
vide more reliable information about building quality. All of them are covered in both
energy efficiency certificate and building passport. In the EPBD ecosystem, SRI is
also an auxiliary tool taken for granted when quality of a building needs to be evalu-
ated. Thus, SRI indicator should not be considered as an "independent" characteris-

tics.
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Experts on smart readiness indicator

As far as EPBD requirements are concerned, they prescribe the necessity for
engineering systems to undergo certification and inspection by impartial and certified
experts. Therefore, training and certification of EPBD ecosystem experts should in-
clude SRI evaluation of a building. However, it is economically and technically im-
practical to certify experts exclusively for SRI, since this does not provide complete
information about the object. SRI training should be an inherent part of a particular
system designed for modular training and certification of experts.

As EPBD Directive 1s some kind of a framework, technical features of its
transfer to national level are determined by the EU member states. Thus, there are
about 30 different regional and national methods for calculating energy efficiency of
buildings based on EPBD directive. This leads to a division of the EU market and
fails to compare and evaluate energy efficiency in relation to construction projects.
As aresult, certifying experts at the EU level becomes challenging contributing to ex-
tra exspenditures. To prevent similar situation when introducing CRM in the EU, the
development of European standards (Mandate 480) has been supported to assist
member countries in coordinating their calculation methods. The standards EN
15232, EN ISO 52000-1 should be used as the basis for smart readiness catalog and
corresponding levels of functionality. The link with EU standards will also enable to
refine the SRI methodology and add quantitative values to proper evaluation [3].

Perspectives

Europe is regarded as a leader in achieving the effect of climate change mitiga-
tion. A number of tools are under development or updating (for example, EPBD law
amendments, EU green systematization, etc.)

Engineering equipment for energy efficient buildings

According to methodology of system approach, it is necessary to consider the
thermal efficiency of a building as a single energy system, in particular:

» climatic conditions in the construction area;

« architectural and planning solutions with the focus on thermal insulation
properties adopted by the project of enclosing structures;

» engineering equipment of a building aimed at creating favourable condi-
tions.

According to expert estimates, the introduction of energy-saving measures has
the potential to reduce heat consumption in a building by 2-2.5 times. At the same
time, energy saving due to optimization of urban planning solutions is as much as 8-
10%, architectural and planning solutions up to 15%, correct choice of solutions for
enclosing structures up to 25%, engineering equipment up to 30%, in—house automa-
tion and accounting systems up to 20%. To determine and reduce heat loss, it is im-
perative to compile heat balance, Table 1 shows possible energy receipts and heat
loss in a building. [4]
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Table 1 — Heat balance of a residential building of cottage

Solar energy Window 25%
Heat release from the vital activity of people Wall 15(;/0
and equipment 25% Roof 15%
Basement 5%
Heat accumulated by building structures 40% Infiltration 40%
Inflow and accumulation of thermal energy in Heat loss
the building

Taking this into account, the greatest energy savings can be obtained through
insulation and reduction of heat loss, building structures, the use of modern and mod-
ernization of existing engineering equipment, along with integrated automation of in-
house processes. A more detailed focus is required here.

This position is a backbone for premises of energy efficient type. Hence, it ap-
pears that such construction projects are supposed to correspond to the following
basic requirements:

- proper documentation work with reference to design and budget;

- application of devices for favourable heating conditions;

- mechanical ventilation of premises;

- application of efficient heating equipment;

- efficient use of hot water supply;

- application of hydrothermal and geothermal installations for thermal energy
production;

- application of air ducts and pipelines with the lowest hydraulic resistance;

- application of energy efficient household and domestic appliances;

- application for accumulation of thermal energy in premises;

- abandonment of unnecessary architectural details and the choice of architec-
tural forms with the smallest area of enclosing structures.

The fundamental difference between energy efficient buildings is that they re-
quire significantly less thermal energy for heating than those buildings that are built
according to current building codes. However, until now, the term "energy efficient
house" has not received any official explanation. Therefore, this term is mistakenly
referred to premises that do not meet any of these requirements.

Based on experience of similar premises in Western Europe, such buildings are
considered to be houses that consume 25% less heat energy than is accepted by regu-
latory documents. In accordance with this, according to European standards, maxi-
mum annual heat demand for heating is calculated by the formula Q max =f ( A/V),
depending on the ratio of total heat transfer area A to the construction volume V not
exceeding 40-75 kW per hour per m2 of heated area on a yearly basis. In practice, the
consumption ranges from 35 to 80 kW per hour / m2 yearly which approximately
corresponds to the consumption, from 3.5 to 8 liters of diesel fuel, or 3.5-8 m? of nat-
ural gas per 1 m? annually.

Energy efficient buildings have little need for thermal power for heating pur-
poses. However, to order to ensure hot water supply and to cover the costs of heat
loss and ventilation, it sometimes has to be increased 3-5 times. To create comforta-

368



QazBSQA Xa6apumbicbl. MH:KeHepJTiK sKyHesaep ke sxoorus. Ne2 (84), 2022

ble conditions, residential buildings that require heating about 6 kW up to 24 kW,
thermal energy may be needed for hot water supply.

Energy efficient houses are much more comfortable compared to houses where
conventional construction is applied. As energy efficient building tend to ensure an
energetically optimal operating mode, eliminate draft formation, reduce noise emis-
sions, and they are also deprived of any unpleasant odors and, in general, such build-
ings reduce operating energy costs considerably.

Drawing conclusions, the use of contemporary engineering equipment aligned
with automatic regulation and reliable insulation of enclosing structures enable to re-
duce energy costs by 2-2.5 times, and it also has a positive impact on the reduction of
heat consumption in a building. However, it is possible only with the integrated use
of energy saving methods of all in-house systems.

Results and discussion

As regards main reasons for the degradation of project organizations, these are
the deficit of high quality specialists, outdated structure of project organizations, as
well as the lack of an understandable regulatory framework and training materials.
This puts project organizations under disadvantage in terms of unenviable status.
Necessary paperwork and documentation is no longer properly arranged, however,
creators react to this by organizing their own technical departments. So, when this is
the case, we make an effort to understand ways to overcome this issue so that engi-
neering industry accepts any market challenges.

Poor organization and inability to have rapid expansion always result in pro-
crastination of duties and deterioration of product quality. The domain of engineering
systems is currently undergoing such investigation and, unfortunately, the results of
this are quite disappointing. The majority of objects that we have to work with are
now becoming more and more complex [5].

Therefore, standard solutions that can be copied fail to find any application.
Growing demand with reference to object complexity has revealed two main prob-
lems of our sphere.

Insufficient level of instruction and qualification

The knowledge that a person has allowed him to do everything correctly, but
why this knowledge did not help in this case, that is the question. The answer to this
question 1s not so much technical as more managerial, which is commonly a weak
point of the industry itself.

The more building planners are required, the more a special type of training
material is needed as well — clear a practical instructions on how and what to do are
also valuable. An overwhelming amount of work is done by ordinary building plan-
ners who most need such instructional materials.

Building rules generally describe what needs to be done. However, very few
sources contain information with clear instructions of how to do this. Building plan-
ning procedure these days is more time-consuming than it used to be when building
planners were to suggest technical part only. Unfortunately, the culture of writing in-
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structions has not been instilled in our country in a proper way. Designers need a par-
ticular document that describes the nuances of passing examination procedure. In-
structions give a building planner proper understanding of the subject, enables to
eliminate any errors, teaches correct sequence of actions, and introduces a design of a
building under a construction.

Outmoded enterprise structure

A new relationship has developed between designers and customers to date.
Now, technical decision making is given to a customer. Consequently, competence
center which meant to be important in decision-making process is no longer neces-
sary for design companies.

Many project companies have a special department which is responsible for
control of building standards, however this very department is to blame for poor qual-
ity of documentation. This department was arranged in order to identify violations of
registration rules and possible facts concerning the use of non-standard or non-
standardized products in documentation. And the level of engineering is now so much
vulnerable that is even contains fundamental errors or suboptimal solutions in the
projects in high quantity [6].

To realize this contradiction, the entire structure of the project company must
be revised.

1. Responsibility for proper design solutions is assigned to chief specialists or
heads of departments, who are to be freed from daily technical and administrative
routine. Then, they can influence decision-making process by verifying and approv-
ing certain resolutions.

2. Competent main architect is to head a team of engineers. He/she should per-
ceive a project as a single organism in which everything fits and works smoothly,
without spoiling the exterior.

3. Control department needs to be reformatted into the computer-aided design
department, where programmers must develop and adapt software for accurate docu-
mentation.

The conclusion is apparent a company that can regain the status of a respected
design institute should expand its staff. The rising cost of design is likely to enable to
have investments in business transformation.

According to a survey answers, participants expressed deep concerns about en-
gineering systems. This situation cannot be tackled unless the development of proper
amount of instructions and training materials are in place, it also impossible without
increasing the value of the engineering work in the eyes of customers, which will al-
low investments to be allocated for construction of worthy engineering competence
centers [5].

Conclusions

Effectiveness of building design solutions is determined by a number of fac-
tors. The use of energy efficient engineering systems will save energy resources and
provide comfortable conditions in premises.
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Having investigated this issue, we propose to apply certain equipment relying
on proper use of energy sources. In draw-in air systems, systems with the utilization
of heat of removed air should be used, which reduces the consumption of thermal re-
sources. The use of cooling systems with utilization of heat removed can reduce the
consumption of thermal resources for hot water supply or other needs. The choice of
a rational heating system contributes to comfortable conditions and it also saves
thermal resources by reducing air temperature inside heated rooms.

Thus, the choice of heating, ventilation and cooling systems should be set at
the initial design stage, depending on the purpose of a building and other factors af-
fecting the rational choice of engineering systems.
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KOBAJIAHATBIH FUMAPATTAP/bIH DQHEPT'UA
TUIMALIITTH TAJTJAY

Anparna. byn makanaoa unsiceHepix sxcytienepoiy sHepeus muimoinicin bazanay 6oubiHua
sepmmeynep owcypeizinedi. ALDREN-EPC cepmughuxameinvly neeizei peni cunammanead, on SRI
SUMAPAMBIHBIY 3UAMKEPILIK 0AlbIHObIK KOPCEMKIWIH JHcaHe OHbl 0aanay npoyedypacvli aHbIKMay-
oan mypaovl. Conoaii-ax, maxanraoa SRI muimoinicin apmmulpy KYpaivl YCblHblI2aH. Kymvlicma
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EPBD sxooicyiieciniy maranmapsl MeH nepcnekmuganapvl kopcemineet. Kobanay xomnanusnapoi-
HbIY MO3VbIHbIY He2i32l cebenmepi 3epmmendi, Mblcalvl, muicmi Oeneeldeci MaMaHOaApoObly
Jrcemicneyutiniei, #cooanay YublMbIHbIY eCKipeeH KYPuliblMbl, COHOAU-AK MYCiHyee OOIamblH HOp-
Mamuemik 6a3a MeH 0Ky MamepuaioapblHully OOIMAYbl.

Tyiiin ce3nep: susmkepnik eumapammap, 3usmrepiix 0aubliHOblK unouxamopwl (SRI), snep-
eus muimoiniei cepmugpuxamol (ALDREN-EPC), sumapammer xatima xypy nacnopmol, ALDREN-
BRP, EPBD (2umapammapovly 3Hepeuss muimMoiniei HCoHiHOe2i OUPeKmuea), sHepeus YHemMOeumin
YU, UHIHCEHEPTIK Jcyenep.
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AHAJIM3 DHEPTO3®®EKTUBHOCTHU MPOEKTUPYEMBIX 3JIAHUN

AHHOTauMs. B dannoii cmamve npogoosamcs ucciedosanus no oyenke suep2odgpexmus-
HOCmuU uHdMCceHepHulx cucmem. Onucvigaromes ocHosHas poav cepmugpukama ALDREN-EPC, ko-
MOpbIll 3aKNI0YAemcs 6 onpeoeseHul NoKa3amens UHMeIIeKmyanbHou comognocmu 30anus SRI u
npoyeoypul e2o oyenku. Takoice, 6 cmamve peKoOMeHO08AH UHCMPYMEHM O]l NO8blueHUs IPPeK-
muenocmu SRI. B pabome usnodcenvr mpebosanus u nepcnekmugst sxocucmemvl EPBD. Hccneoo-
BaHbI OCHOGHbLE NPUUUHBL 0€2pa0ayUu NPOEKMHbIX KOMRAHUU, MaKue KaK, HeOOCMamoK cneyuanu-
CMO8 O0JIICHO20 YPOBHS, YCMApesuias CIMpYKmypa npoeKmublX OpeaHu3ayuu, a makxdice omcym-
cmeue 00CMYNHOU 05 NOHUMAHUS HOPMAMUGHOU 0A3bl U 00YUAOWUX MAMEPUATOS.

KiroueBble cj10Ba: unmesniekmyanivhvle 30aHUs, UHOUKAMOP UHMENNEKMYANbHOU 20MOGHO-
cmu (SRI), cepmuguxam suepeoagpgpexkmusnocmu (ALDREN-EPC), nacnopm pekoncmpyKkyuu 30a-
Hus, ALDREN-BRP, EPBD (Oupexmuea no shepeoaggexmusnocmu 30anuil), dHep2oaghghexmug-
HbLU OOM, UHIICEHEPHBLE CUCTNEMDbI.
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