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Improving energy efficiency of rental housing
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Abstract. Modern cities development is a conscious distribution of
priorities. The ecology and resource conservation problems are becoming
more and more relevant, and when the city's housing stock is managed, it is
necessary to reduce the negative impact on the environment. The aim of the
study is to provide an economic feasibility for the construction and the
energy-efficient apartment building operation that can serve the needs of
current and future generations, and also reduce the carbon footprint through
sustainable consumption of electricity and water in domestic buildings. The
studying object is an apartment building, in which the introduction of
energy-efficient systems is proposed: rainwater harvesting, solar electric
plant. During the calculations the questionnaire method, the retrospective
indicators of mathematical analysis, the net current value (NPV) method,
and the discounted payback period (DPP) method were used. The calculated
results showed the effectiveness of the rental housing operation in Kazan
(Russia). The payback period will continue for 8.27 years. The practical
implementation of the results opens up opportunities for solving the problem
of saving natural resources and reducing the carbon footprint of our cities.
Keywords. Construction and operation, energy efficiency, green building,
sustainable development, efficiency, NPV, payback period.

1 Introduction

Nature is the natural habitat of all living beings on the Earth. Our world is rich in natural
resources for the life of humanity, however conversations and disputes about climate change
and ecological destruction are becoming more and more relevant. There are works devoted
to the issues of energy efficiency in the process of construction and buildings and structures
operation. This problem is reflected in the works of various foreign authors.

For example, Arvind Chel notes that increasing the buildings environmental friendliness
by increasing their energy efficiency has become the paramount worldwide importance [1].
Antti Kosonen, Miguel-Angel Perea-Moreno and Radu Godina say that the of energy
consumption reduction in buildings is important, so the major role is the renewable energy
sources [2-4]. Hashem Akbaria's article focuses on the necessity to minish the effects of
global climate change on the urban environment [5]. Burak Giineralpa argues to reduce the
buildings’ energy consumption is possible. For that we can upgrade buildings and develop
cities more compact [6]. Moreover, the future energy-efficient buildings construction is
occurred by the residents need. C. Wilsona, H. Pettifora, and G. Chryssochoidisb found out
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in their work the opinions of houseowners in the UK concerning the energy-efficient systems
during renovation [7].

Jongho Ima writes about energy savings, co-benefits which will help motivate estate
property’s owners to invest in energy efficiency, using the US construction industry as an
example [8]. Nina Holck Sandberga, who studied the dynamic model of housing development
in 11 European countries between 1900 and 2050, found out that 78% of all residential
buildings can benefit from energy efficiency measures by 2050. An increase in energy
efficiency will take place during the building (31%) or reconstruction process (47%) [9].
Mark Z. also, using the foreign cities example, shows us that there can be a reduction in
annual energy costs by 61.1% by 2050 and social-energy costs when implementing the
strategy for using renewable energy sources in buildings [10].

Authors from the Netherlands: Van Hattum, Sabine Jansen, Saleh Mohammadi and
Regina Boke write about alternative energy concepts [11]. Miguel Angel Pardo examines the
issue of effective water and energy resources management on the example of Spain cities
[12]. Anna Libey, Marieke Adank, and Evan Thomas also studied the water issue and
confirmed the need for a conscious approach to the depleted resources of our planet [13]. At
the same time, in the article Francisco J. Diaz says that the reuse of water without analyzing
the level of environmental pollution can lead to harmful effects on the soil [14]. And S.
Schopfera, for example, in his research studies photovoltaic batteries and speaks about the
importance of being able to identify households for which the installation of these systems is
economically justified [15].

Kant Kanyarusoke is engaged in the overall green construction methods in frame of
sustainable development in Africa [16]. Wan-Yu Shiha is looking for ways to optimize the
construction and building system of the Taipei's city by its climatic features [17]. Speaking about
the green construction elements, Asterios Papageorgiou shows that the innovation systems’
integration into the Swedish power grid does not reduce greenhouse gas emissions, which
confirms the need to model the results of green construction within each individual region [18].

T Elkhan Richard Sadik-Zada observes that along with Saudi Arabia, Russia, Iran,
Mexico, Canada and Brazil are in the top 20 countries that use fuels with the highest carbon
emissions per capita, and many countries, thinking about this, increase the share of renewable
energy sources in the energy consumption structure [19]. Consequently, the issues of
integrated sustainable development in compliance with the green construction's requirements
are also reflected in the national authors™ works [20].

Anna Romanova, Andrey Berval, Danil Burkeev in their article confirm the
environmental issues topicality in the modern world, the high human resource consumption's
impact on the environment and prove the importance and relevance of ecological construction
[21]. Gulsina Zagidullina, Dilyara Zainullina, Alina Mavlyutova, Elvina Sirazetdinova
considers the importance of implementing innovative projects in construction [22].

The review allows us to conclude that the application of the green construction concept
is a priority in the frame of sustainable development for the modern cities' development. At
the same time, it is necessary to take into account the characteristics of the selected region’s
climate, because not all systems and resource conservation green technologies will be
effective in certain conditions. Thus, the purpose of work is to explain the economic
construction and operation efficiency of multi-family building using resource-saving
technologies, developed on the basis of potential consumers’ preferences analysis.

2 Methods

1. The questionnaire method for identifying the most significant factors that determine the
choice of an apartment building for living.
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2. The retrospective indicators’ mathematical analysis: statistical data on the liquid
precipitation volume in Kazan (Russia) from April to September from 2011 to 2020.

3. Economic and mathematical analysis of construction and operation efficiency of
apartment building in Kazan (Russia) bases on the indicators:

— net present value of the project [23, 24]:

15
5—— 1
NPV = Z (1+d)t Li(1+ad) fo. M

where, R;—rental income; At - other operation income (income from advertising on the facade
and in the vestibule of the building from the placement of the vending machine in the
vestibule of the building); building E; — the economic effect of tap water reducing
consumption and decreasing electricity costs; O, — operation expenses; /; — initial investment
in building construction; d — discount rate.

— discounted payback period (PBP).

3 Results and discussion

Housing construction, just like humanity, tends to evolve. For many centuries, the people
habitat has been transformed in view of the changes in society itself. The life way of different
generations representatives was in constant dynamics, society had to adapt to the changing
world conditions, to the historical events created by economic development, and therefore,
the urban infrastructure had to adapt to the new current needs.

Modern society starts to think more often about its own impact on the environment, as
well as more carefully analyzes the items of communal costs. Our city is growing and
developing, together with the interests, views and needs of its residents that are also changing.
It is also necessary to highlight the problems of ecology, and to show by their own example
a reasonable rational using and respect attitude for the natural resources of our region, in
order to form a world's correct picture for the younger generations.

To find out what the residents of the city of Kazan mean by the concept of «energy-
efficient attractive residential building», a survey was conducted among various age
population groups using Google form. The questionnaire includes 17 questions. The study
involved 1340 respondents who are representatives of different generations the year of birth
in 1956 up to 2003. 84% of the respondents are residents of the Republic of Tatarstan, the
rest are residents of nearby regions of Russia, which makes it possible to make a qualitative
analysis of the preferences of potential consumers of multi-apartment housing stock of the
Republic of Tatarstan (Russia).

As a survey result, the Kazan city residents and nearby cities residents helped to form the
current preferences of the modern real estate potential market consumers. Thus, an «energy-
efficient attractive residential building» should:

- have less than 5 floors (44%);

- have no more than 3 entrances (49,3%);

- be located in a quiet district with good infrastructure (57%);

- have alternative electricity sources (wind and solar energy) (79.8%);

- have rainwater collection systems for general household needs (for watering green
spaces) (89,4%);

- have high-quality entrance areas furniture to save the cost of technical maintenance
(47.1%).

Based on consumer preferences, a typical project of a low-rise house was selected (table 1).
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Table 1. The residential building's characteristic.

No. Name Indicators ‘value Unit measure
1 Number of floors 3 pc.
2 Number of apartments, total 12 pc.
3 - including: one-room apartments 10 pc.
4 - two-room apartments 2 pc.
5 Building area 618 m?
6 Housing system area 266 m?
7 Overall dimensions 20.0x13.3 m
8 Floor height 3 m.
9 The building height 10.5 m

Source: compiled from the materials [25].

The residential building estimated cost was calculated using aggregated cost indicators
[26]. The estimated cost is 22 217,1611 thousand rubles.

In addition, the costs were calculated for:

- the system installation for collecting roof sedimentary water for next irrigation of green
spaces in the adjacent territory;

- the complex solar panels installation to partially provide the house with electricity from
a renewable energy source;

- the improved vestibule layout with granite panels for further savings on the entrance
space repair due to the durability of the material.

The system's installation for sedimentary water collecting from the apartment building’s
roof is a particularly relevant solution for resource conservation. Early systems installation
for roofs sedimentary water collecting can allow the accumulation of fresh water during the
rains for watering plants during droughts, as well as reduce the load on the storm collector.

Fig. 1-2 show the stable dynamics of precipitation in Kazan (Russia), expressed in
millimeters per square meter. The regions movement which indicates the anomalies
possibility in natural conditions from 2011 to 2020 is presented in fig. 1. For example, in
August 2011, the precipitation level was only 9 mm, but also this year the maximum level
was fixed which was 135 mm in June.
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Fig. 1. The liquid precipitation volume from April to September in Kazan (Russia).
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Fig. 2. The average amount liquid precipitation for the warm season, mm.

Due to fig. 2, we can notice that constant amount precipitation of per year annually fixed
for the last 10 years in the analysis, which ranges from 237 mm to 391 mm in the last 5 years.

Thereby, regardless of possible abnormal weather conditions, the annual precipitation
amount in the warm season will be sufficient for its collection.

Table 2. The predicted precipitation’s amount accumulated from the roof of the chosen apartment building.

No. Name Value Unit
measure

1 The roofing system area 260 m?

2 | The useful roofing system area (80%) 208 m?

3 | The average precipitation amount from April to September 306.2 mm

4 The average precipitation from April to September from the all- 63698.6 liter
roofing system area
The weekly watering area of around the house territory due to the 2

5 . . . L0 318.45 m
device for collecting water from the roof during precipitation

Source: calculated by the authors.

It was taken into account that the ground surface option for collecting sedimentary water
from roofs in urban conditions includes: the tanks purchase, the installation of a base for tanks,
the installing and connecting the system costs. The total system cost will be 32 102 rubles.

The solar power plant installation is an actual solution that contributes to improving the
residential building’s energy-efficiency. The calculations made it possible to determine the
rate of basic annual electricity consumption for general household needs in the MCD for
houses without an elevator in 5 and less floors — 2 kWh/m? [27].

The cost of solar panels set, including the system installation, will be 599 260 rubles. The
cost structure is presented in table 3.

Table 3. The cost structure of installation solar panels set.

No. Name Quantity, pc.
1 Delta BST 250-24P Solar Panel (250W, 24V) 16
2 Solar controller KES DOMINATOR 200/100 (100a) 1
3 AKB Shell 12%210 (210 ah) 8
4 Inverter MAP SIN HYBRID 9 kWt 1
5 Set of cables and connectors 1
7 Mounting kit 1

Source: Official website of the manufacturer of solar energy storage devices [28].

The granite wall cladding installation of the entrance space, due to the durability and
selected material's strength, will save the technical maintenance cost. Calculations on the
device were made on the basis of the program «Adept: Construction Management». The
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estimated work cost will be 103 185 rubles, the calendar work schedule is presented in table 4:
the duration — 7 days.

Table 4. The granite wall cladding of the entrance space work duration.

No. Name Duration, days
1 The base for bonding plaster made of metal grid installation 1
2 | Bonding plaster surfaces inside the building 2
3 Solid’s alignment of the bonding plaster walls 1
4 | Wall cladding with slabs 4
Source: calculation tables from a software program. «Adept: Construction Management» (calculated
by the authors).

Thus, the following investment costs were taken into account when performing the
calculations: the cost of building a residential house, the land parcel cost, the sedimentary
water collection system installation, the solar power plant installation, the walls cladding of
the entrance space with granite.

Operating costs are calculated for a period about 14 years and it includes: salaries of the
management company employees, utility bills with energy savings. Financial returns during
operation are forms by the rental payments, comings from the daily turn-in of apartments
from Friday to Sunday during the calendar year.

At the same time, the savings in utility bills as a result of installing a system for collecting
sedimentary water from an apartment building's roof and installing a solar panel is 24.46
thousand rubles per year (table 5).

Table 5. The utility bills during operation of residential house.

Service's cost, thous. rub. per year Saving,
No. Name excluding resource- | including resource- | thous. rub.
saving systems saving systems per year
1 Cold water 7.56 6.19 1.36
2 Drain system 14.15 12.96 1.19
3 Electricity supply system 86.41 64.51 21.90
4 | Total 108.12 83.66 24.46
Source: calculated by the authors.

Calculated discounted payback period with considering costs and revenues of the project
will be 8.27 years, (fig. 3).
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Fig. 3. Discounted payback period calculation tables from a software program «Alt-Invest.
Construction» (calculated by the authors).
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The net present value NPV project during 15 years and its implementation (1 construction
year and 14 operation’s years) is 14 649 thousand rubles, which indicates the feasibility of
this project in the Kazan (Russia) city's conditions. Surely, taking care of the environment is
not only a gratitude to nature, but also a long-term and economically profitable investment.

4 Conclusions

During the study, the economic efficiency of the operation residential building with built-in resource-
saving systems was calculated in accordance with the real estate market potential consumers’
preferences. The calculations show that the energy-efficient housing construction is appropriate in
the conditions of the researched region. It became economically profitable by reducing costs during
the object’s operation. At the same time, investments are long-term, since the payback period is 8.27
years. When making management decisions obtained results will help the developing construction
projects, as well as in the operation period of a residential apartment building.
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