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SOFTWARE FOR ENERGY AUDIT OF HOUSEHOLDS

Pavel Ratner
Russian State University of Economy and Trade
Krasnodar, Russian Federation
ratner.p.d@gmail.com
Abstract

Nowadays Russian government pays a lot of attertiosolutions of the high energy
intensive production system in the country. The kastors of low efficiency of regional
energy saving programs is the lack of approveddstas and algorithms in the area of energy
audit. In practice, both technical and economicaiameters of energy audit fluctuate in a
very large range. It's due not only to differentrgaexity of the audit but also the immaturity
of the market. General population in Russia onowen has not yet embraced energy
efficiency as a social value, therefore not mangpte are interested to invest in increasing
energy efficiency of their homes and, thereforeuse algorithms for home energy audit
suggested by well-known western companies suchnasglf Star and others. New energy
efficient home appliances can significantly redilce energy consumption, however, the
extent to which the theoretical reduction potentain be realized highly depends on
individual decision processes. In this situationstnaf the small and middle-size companies
as well as government organizations are gettingenamxd more interested in some "do-it-
yourself" tools that can help to make very firgpst in introduction of energy management
systems and reduce the cost of professional eraerdy.

In this paper we present a simple interactive utator, which can be used in individual
flats and houses, office buildings and educatiamstitutes such as colleges and schools, for
assessment of electricity use by different categodf equipment. The user indicates only
type of equipment and its approximate time of warke program outputs the structure of
energy consumption in graphic format. The resuftdest procedures and the ways for
improvement of the program are discussdthe program is realised using the C++
programming language following the C++03 standdtduses Qt libraries and provides
graphical output in the form of a histogram, shaywahich energy appliances consume the

most energy.

Key words: energy efficiency, energy audit, interactive cadol, energy consumption
structure



JEL Codes: Q41, Q48, C88

1. INTRODUCTION

In November 2009, the Russian parliament adoptedativ "On energy saving and energy
efficiency”, which established specific obligatiaoisthe federal government to co-finance the
programs of Russian regions on energy efficiendyark€ing of regional energy efficiency
programs from the federal budget began in 2011ingu2011-2013, 66 out of 80 Russian
regions were funded with 1.667 million rubles (a0 million euro) in total, but only 18%
of them have achieved expected economical rellsost 30% of the regions were financed
by the federal government only once (in 2011) dmehttheir spending were considered
ineffective.

In some regions with monopolistic market of enesgyice the audit for a company costs
much more than paying bills for electricity and theBor example, in Yamal-Nenets
Autonomous Okrug the average cost of energy awditract in 2011 was 185 million rubles
(about 4.4 million euro) , while in Lipetskaya O&tlaonly 200 000 rubles (4800 euro).
Especially strong need for energy audit in pubdicter is explained by the fact that in many
regions local laws oblige state-financed organiretito reduce energy consumption by 3%
every year at least during 5 years .

In this paper we present a simple interactive datou (hereinafter EnergyCalc) which can
be used in educational institutes such as collegesschools, office buildings as well as
individual flats and houses for assessment of md#gt use by different categories of
equipment. The user indicates only type of equigraed its approximate time of work. The
program outputs the structure of energy consumpiiongraphic format and some
recommendation on how to reduce the most costiy i expenditure. The EnergyCalc is
realized in the C++ programming language, followihg C++03 standard. It is available for
personal computers running the Microsoft WindowgherGNU/Linux operating systems.

The structure of the paper is following: in Sectidrwe discuss the formulation of the
problem, the methods of gathering information fofbuild database in the program and
describe the algorithm of calculation. In Sectiorw8 present the design of EnergyCalc
program and describe its realization. Section dexoted to discussion of the results of the

tests made for the case of individual apartmenficeodf the middle-size company and typical



public school. In Conclusions we make a short sungrofmain results and introduce some

way for improvement of the interactive EnergyCalc.

2. THE PROBLEM OF ENERGY CONSUMPTION STRUCTURE MONITORING

According to the standard 1ISO 50001 “Energy Manag@nsystem” adopted in Russia at
the end of 2012 the first step of developing enesaying strategy is the energy survey. While
a professional energy audit is the best way toroete the potential ways for reduction of
energy consumption and the necessary part of thiécaion process, one can conduct their
own simple but diligent research and spot many lprab in the use of electrical equipment.
The information about total electricity consumptionmost cases is available because the
majority of offices and homes are equipped withivitiial electricity meters, but the
structure of energy consumption is unclear. Thenrpabblem for the average user is the lack
of information about how powerful different typekadfice and home equipment are. In this
situation users often start to save energy by a&uotiffe methods and very soon give up.

The structure of energy consumption in offices enttividual homes varies a lot. Thus, on
fig. 1-2 we can see two electricity consumptiomaiures of the same-sized families living in
the same city and in similar homes. While one eflilggest parts in energy consumption for
both families is a refrigerator, other “energy esitediffer. For the first family they are

lighting and TV, for the second family — electriowe, washing machine and dishwasher.

14000

12000 —

10000 —

8000 =

6000 =

mz . _— -.—--.—l-.—l. . LL-—L _

2 2 T B 4 & = Q9 L 3 A ) oS
‘_}\oo JELEP A Qrf‘ & cﬁé\ QQ@ (@ q"'@ g‘-g? i & & W %‘\c
@ & N @
& @b & Rt B S
-~ . I L % & K
o P ¢ 8
& o5 e @ & &
& & &




Fig.1. Weekly energy consumption structure: family 1 (Krasnodar city, 3 persons, 100

sg.m home) [source: authors own studies)
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Fig.2. Weekly energy consumption structure: family 2 (Krasnodar city, 3 persons, 100
sg.m home) [source: authors own studies)

The similar difference can be seen in the enengicttres of offices. The main reason for
this variation is not only different life style e people and different commercial activities
of the companies, but also the attitude towardsggnefficiency and income level. Low
energy prices cause the lack of incentives to imprenergy efficiency for wealthy people
and companies. The level of energy efficiency otigemold and office equipment has
practically no effect on the price, therefore thajonity of the buyers do not pay much
attention to energy efficiency indicators and teéadchoose more powerful and functional
home and office appliances. Permanent growth ag@oty of the middle class Russians is
primarily reflected in the acquisition of durableagls, including a variety of new types of
household and office equipment.

With this in mind we have abandoned the idea ohgishe typical structure of energy
consumption as a pattern of the EnergyCalc and haed instead a case-study method for
gathering the information about the possible sdtavhe and office appliances. According to
[4], a case study is an empirical enquiry that stigates a phenomenon in a real life context.
It can include both quantitative and qualitativergaigms, rely on multiple sources of
evidence, use a number of different research adsbenefit from the prior development of

theoretical propositions. A case-study was condlfde 7 households, 4 offices of SMEs and



two public high schools in Krasnodar city, Krasnodagion, Russia. The following
information at each object was collected:
tl
O
O

list of appliances;

appliances’ brand and year of manufacture;

users’ satisfaction with the quality (including eme efficiency) of appliances and
their plans to purchase new kinds of equipment.

Then the information about appliances’ energy comngion was collected from the sites of
most popular Russian Internet stores and the affgites of equipment’s manufacturers. For
majority of appliances energy consumption is measas power (Wt); for washing machines
and dishwashers the energy consumption for theecyehs measured. If the energy
consumption of appliance depends on the classearfggrefficiency or on the presence some
special functions, several modification of the saapeliance were indicated in the list. All
collected information was presented in the forndafabase, which later on will be built-in
inside of EnergyCalc.

The process of calculation the energy consumptias @rganized as it is presented in the

table below.

Tab. 1. Methods of energy consumption structure assessments

Object Input parameters Data base Calculation
parameter formula
Home and office Time of use (hours Power, Wt TimexPower
appliances, except | in a week), class of
washing machines and energy efficiency (if
dishwashers possible)
Washing machines and The number of uses Energy NumberxECC
dishwashers in a week consumption for &
cycle (ECC), Wt
Lighting in the public | The number of class- Average energy| NumberxTimexAEC
high schools (class- | rooms, the time of consumption
rooms) lighting (AEC) for
lighting a class-
room
Lighting in the public The floor area of | Average energy| AreaxTimexAEC
high schools (halls) halls, the time of consumption
lighting (AEC) for
lighting a
sg.meter
Running the average| The number of days Average daily | NumberxADEC
school kitchen in a week than the energy
kitchen works consumption
(ADEC)




As seen from the table, the structure of the eneamsumption in private apartment and
office is calculated by multiplying the operatiomné of each device on its output. The
algorithm for public high schools is slightly difent, because the main part of the school
building usually is occupied by the typical scholassrooms with the same lighting systems,
what can be used as a measureable unit in the gyraxfeenergy consumption evaluation.
Another measurable unit in school’s energy consionptan be a school kitchen, which has
standard equipment, purchased by municipalitiethatsame manufacture through tender
system. Halls and gyms in school also have standardighbfihgs on one square meter and
usually are equipped with the fluorescent lightilibe parameters of all other appliances in a
school building such as air conditioning, compuytepsojectors, musical equipment,
interactive whiteboards, plasma screens and otlrersncluded in build-in database. Their
energy consumption is calculated similar to theeadffice and apartment.

Proposed way of estimation the structure of eneaysumption is simple for the user,
because all he needs is to monitor the time oédfit equipment operation for several days
(about a week). Then the user can run the EnergyGgt the structure of energy
consumption and the estimation of total electrispyending, which one can compare with the
meter's records. If the calculated and actual regglvary greatly, it may indicate that the user
does not take into account some items of equipmennderestimates the time of their use. If
the readings are the same, the user can analyzedhenergy consumption structure and

select the most reasonable ways to optimize it.

3. CODE AND DESIGN

The EnergyCalc program is realized in the C++ pogning language, following the
C++98 standard. It is currently available for peaocomputers running the Microsoft
Windows or the GNU/Linux operating systems. Howevhere are builds of the program
possible for other operating systems, such as A@3eX, as well as a mobile version for
Android and iOS. EnergyCalc uses the Qt libranesgjon 5.2.0) and was created using the
Qt Creator development environment, which is pathe Qt project. The program provides a
user interface in two languages, English and Rossia

The main program window is a selection dialog, Wwhpgrovides buttons to choose the

environment energy calculations should be performikin, such as home, office or public

" Most of the public schools in big cities have abbuhousand students of different age from 6 tadd
cook a standard lunch set for all students eveyy ebfecept Saturdays and Sundays



school (fig.3).

This is necessary due to the difértypes of electrical appliances typically

used within these environments and therefore diffemeasureable units.

@ - o EnergycCalc

Welcome to EnergyCalc!

Please select the environment you would like
to calculate energy usage for below.

| Home/Oom | | Office/Odwuc | | School/lWkona |

Oobpo noxanoeats B EnergyCalc!
MoxanyMcTa, BeibepuTe KenaeMoe OKpyXKeHWe
[ONA pacyeTa 3HepronoTpebneHna Boille.

Fig.3. Selection dialog

After the desired environment has been selectedptbgram will attempt to read the data

for this environment's typical appliances fromdil@a its' directory. If this succeeds, the user

should be presented with a dialog similar to the below (fig.4).

.

Here, user

also can be

appliances (e.

@ 0 Data Entry/Beopg paHHBIX

Please enter the following data for all the electircal appliances you use.

Leave the fields of the appliances you do not use as-is.

If the appliance doesn't have any known energy classes for it, the Eiﬁss dropdown will be empty.
MoxanyncTa, BBEANTE cnefyrollve AaHHble ANA BCeX 3MeKTponpuBopoB, KOTOPbIMK Bbl NONb3yeTedh.
EC/W Bbl HE MCMOJ/B3YATE KAKOH-TO M3 YKa3aHHbIX NpHGOpPOB, OCTaBETE ero NoNs Kak ectb.

CMNCoK 3Hepro-knaccos GyaeT NycT, eCNv A4NA KOHKPETHOrO TMNa Npbopa OHW HEM3BECTHbI.

Name/Ha3BaHue Class/Knacc Jsage time/Bpems paboTk I
3-D Tenesmsop/3DTV | &) | hf
BbITAXKa/Draught | & .“ I. h/u
KoHanuuoHep/Air Condition| A | | h/u
Kodesapka/Coffee maching| | | hfu

MHHH-NOCYAOMOEYHAA MLl | | eycles/umknbi

MWHW-CTMPaNbHan MalluHa | ) Ih,lu
My3bIKanbHDBIRA LeHTp/Music| | | hf4
HoyTbyk/Laptop | | hfu
CTalroHapHBIA KOMNbOTEP)| | | hfu
Tenesu3sop/TV set | | hfu
@en/Hairdryer | | hfu
¥XanonunkHuk /Refrdineratol = hiu

I Calculate/Mpou3sectn pacueT

Fig.4. Input window

should specify how many hours in a tedeitme period (usually week, but it
day or month) he uses specific ap@gamresented in the list. For some

g. hairdryers), it may be more comverio specify the time in minutes, in that

case, the user can modify the right-most columspecify that he wants to imput minutes

rather than hours for those appliances. Also fonesappliences such as washing mashines or

dish washers user specify the number of uses imthétoring period.



If known, energy-saving classes may also be spgecitiowever, this isn't possible for all
appliances. For those which have no known energnga&lasses, this place in the list will be
empty.

As soon as user specifys the operating times fahalappliances, he clicks the Calculate
button below the table. The program will then sdftelectrical appliances by the amount of
electircal power consumption, and output the rasulhumber and graphic formats (fig.5).

i @ - 0 energycalc

Appliance/Npubop Energy consumption/3HepronoTpebnexune %

1 3nekTpoayxoeka/Electric oven 69720 38.85% [;]
2 3nekTtponnuTa/Electric cooker 69720 38.85% ;]
3 XonoguneHuk/Refrdigerator 28560 15.91% |;|

4 3nekTpo4ainHuk/Electric teapot 7000 3.90% |

5 HoyTtbyk/Laptop 3900 217% |

6 BbiTaxka/Draught 550 0.31% |

7 My3blKanbHbli LeHTp/Music centre 30 0.02% |

Fig.5. Output window

Note, that in some situations, such as a failedaliasion, accidental installation to a
system-only directory, or accidental deletion omdge of the programs' data files (having the
".energy" file extension), the program may failltad information required to allow data
entry for some or all types of environments. A perg reinstallation should fix the issue. In
case this happens, an error dialog will be shown.

4. CONCLUSIONS

Resent significant increase in electricity tariind the growing popularity of energy-
saving technologies in Russia initiate the intetesthe problem of energy consumption
monitoring. While a professional energy audit cathe is very expensive, owners of small
and middle-sized companies as well as regular hmlders demonstrate a high level of
interest to use some "do-it-yourself” tools that balp to make very first steps in introduction
of energy management systems and reduce the cpsifessional energy audit.

In the future, this calculator can be presentechtone and office in a form of mobile and
desktop application. Current version of the programt be supplemented with practical
recommendations on energy saving and put to orlkeeofegional Internet portals on energy
efficiency as open source software. It will not yrgive advantages in distributing the
program, but will also (in case the user's consketp to collect statistics on the energy
consumption structure of households and offices.



By the use of presented EnergyCalc one can catoulag structure of energy consumption
of a household, office or typical public school a®e it both in graphic and number formats.
Testing procedures helped to figure out that theeki level of mistake is achieved in
households (average 7%), while the level of mistiakeoffices is almost twice higher. The
results of monitoring for public school have thestake about 15%, but they can be improved
with increase of time for monitoring.

Test procedures were helpful in terms of gatheuser feedback for further improvement
of the program. Based on their results it wasabsgtito present the calculator for home and
office in a form of mobile application.
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