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Abstract. The example of energy effect integrated assessment for public building using the methods proposed by
Russian Scientific and Technical Civil Engineers Organisation is presented. Comparative analysis of energy saving
scopes for some public buildings with calculation of a recoupment for the specified cases using investments and operat-
ing costs discounting has been made.
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1. Introduction

It is well known that lack of fossil fuel and rise of en-

ergy costs lead the issue of energy saving in buildings in

the row of urgent problems in most parts of the world. Ob-

viously, one of the best measures to achieve the results

in energy saving is to provide a complex development and

researches in that field.

Buildings renovation may be developed in different

ways. Taking into account only economical and energy sav-

ing aspects of that issue is not acceptable because a wide

multipurpose role of civil engineering exists in our days.

Trying to analyse building in a complex way is quite an

actual method for many authors [1, 2]. Complex method of

application energy saving design in everyday practice is

shown in [3, 4]. Energy saving effect comparison for a real

and developing object is presented in [5].

2. Methods

2.1. Objects for investigation

The research series have been made with a purpose to

estimate the energy saving effect of special improvements

in several civic buildings in Moscow. The first one is De-

pository of Kolomenskoe museum (object 1). The next one

is medical centre of social and health rehabilitation (ob-

ject 2). And the last one is the Multifunctional office block

(object 3). The research results got by the authors of this

paper were practically verified by students S. Barvinsky, I.

Sadikova, A. Anisimov during their work on diploma pa-

pers [6].

2.2. Comparison of variants

As the basis for analysis, the principles developed by

experts of Russian Scientific and Technical Civil Engineers

Organisation (Rus. Sci. Tech. C. E. O.) were used [7]. Au-

thors took an active part in all stages of this research. Tech-

nique refers to the data of that standard and is provided

with matching of a building general annual power consump-

tion the two variants of building envelope heat protection

and the two different engineering systems types and

schemes. Finally, a summary of total cost of all energy sav-

ing measures was made.

According to this method the costs and efficiency of

energy saving measures are remain flexible within wide

limits and could be easily manipulated by customer and

contractor in connection with the most modern needs for

each specific case. It provides for both a better way to con-

trol and manage investments at all stages of building con-

struction and a possibility to maintain and achieve high re-

sults of energy saving.

The set of data for energy saving measures with a com-

plex investment optimisation are shown in Tables 1 and 2.

The basic variant (var 1) for analysis was a building
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Table 1. Energy indexes
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Table 2. Comparative effectiveness of the energy saving measures
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without any energy saving measures. The envelope of the

building was designed to meet the requirements of [8] with-

out using its updates ¹ 3 (1995) and ¹ 4 (1998). The values

were calculated at the temperature of the coldest day [9].

The thermal resistance of exposed walls in object 2 is

higher than the same in object 1 and 3 because object 2 is a

building with a higher category of thermal protection [8].

The alternative variant (var. 4) for analysis provides

some technical innovations, such as:

• additional thermal insulation of solid exposed walls,

roofs etc;

• triple glazing instead of a double one;

• exhaust air energy recovery with an intermediate li-

quid;

• installation of mixers with left-hand position of hot

water taps and variable pressure taps;

• installation of thermostats on supply feeds of radia-

tors.

Most of these engineering solutions are also very often

used outside Russia. They seem to be quite ordinary in Eu-

rope. Particularly the ideas of using new effective windows

were considered [10]. The recovery of exhaust air heat was

described in [11]. But we have to notice that the article [11]

deals with issues of using rotary heat exchangers. This way

of engineering systems design is still not fully acceptable

in Russia because of a very high price of some types of

energy saving equipment compared with a cost of heat en-

ergy in Russia. Nevertheless, different ways of power con-

sumption downsizing are well-known for Russian engineers,

developers and contractors. It seems to be a quite ordinary

engineering solution to install heat pump for hot water sup-

ply [12], using solar energy for engineering system of build-

ing etc. But most of these ideas are still in a phase of ex-

perimental design and we are not considering them now.

2.3. The estimation of energy consumption and

investments

The energy efficiency estimation of a building is realised

by calculation of its operating energy characteristics. It is

equal to specific total expenses of thermal and electrical

energy, kWh /(m2 · year), per 1 m2 of building heated space

for one winter period in an annual cycle of maintenance

without taking into consideration heat income provided by

people, electrical devices and solar heat energy.

Heat resistance for solid walls after additional insulation

was calculated according to guidelines [13] taking into the

consideration n = r
1
/r

2
 ratio equal to 1. Here r

1
 and r

2
 are

thermal uniformity factors before and after additional insu-

lation works. Additional investments into insulation mate-

rials come to 850 RUB/m3 (rockwool slab with density of

125 kg/m3), other works and materials come to 90 RUB/m2.

Thermal conductivity of a heat-insulated material was ac-

cepted as 0,042 W/(m · K).

Here we have to notify that received values of heat re-

sistance of non-transparent external enclosures are a bit

lower than recommended ones for such type of buildings

in Moscow by Table 1Б [8] (3,15 m2 · K/W for the external

wall, 4,15 for the floor over the basement, and 4,7 for the

roof) and they are often much closer to values from Table 1A

[8] which shows only the former requirements for addi-

tional thermal insulation. They were actual before the year

2000 (1,8; 2,5 and 2,85 m2 · K/W correspondingly).

It should be mentioned that the harmful collateral con-

sequences of excessive thermal insulation of non-transpar-

ent building elements were scoped before, for example, in

[14]. The temperature efficiency of heat recovery equip-

ment in all cases was equal to 0,5, ie close to a maximum

for the given way. The calculations of heat recovery costs
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were based on the data of equipment manufacturers and on

an approximate air flow in ventilation systems of such build-

ings. The approximate value of the heat recovery equip-

ment costs was assessed at a rate of about 1/3 from costs of

the same dimension-type ventilation unit, and expenses on

mounting and adjustment – at a rate of 50 % of the cost of

accessories.

Heat output and costs of heating systems were calcu-

lated according to a new value of heat losses after addi-

tional insulation of exterior enclosures. The cost of radia-

tor thermostats and other accessories is considered in total

capital costs of systems. The costs of mounting and adjust-

ment unit were assessed at a rate of 30 % of the thermostats

cost.

In the analysis of var 2, for all objects 90 W per person

was taken as the indoor heat income with inclusion of heat

incomes from electrical equipment, lamps etc according to

real everyday usage period. All internal heat generation

values of different indoor sources approximated to

10 W/m2. Var 1 does not provide an automatic control of

energy consumption and does not allow tweaking of sys-

tems work according to actual indoor air conditions and

current heat income.

3. Results and discussion

3.1. Comparative efficiency of energy saving measures

Table 1 shows absolute energy indexes in basic (var 1)

and in advanced (var 2) variants for all objects; Table 2

shows the comparative energy saving efficiency in var 2 in

comparison to var 1 for the same objects. As evident from a

Table’s portion of every single energy saving measure into

the whole energy saving results is different. But there is a

similar tendency for all 3 objects. Total energy savings are

high and results are close (56–63 %) for all types of build-

ings. Portion of solid walls additional insulation in the whole

result is not so important (16–20 %).

3.2. Economic efficiency of all measures

The greatest interest, however, is given to economic

efficiency of all energy saving measures package. Under

today’s market conditions of all Russia it will be much bet-

ter to make all calculations by the methods with combined

expenditure discounting (CDE), RUB. In that case all fac-

tors, such as the rise of energy costs, inflation, financial

risks, etc could be taken into consideration.

CDE depends on investments into energy saving I, an-

nual operating expenditures O, and discounting limit T [19]

  )./100(]1)100/1[()100/1( ррOрIСDE
ТТ

⋅−+⋅++⋅=

The term T is considered as time from the date of a build-

ing operation start. CDE uses the information about prices

of energy in Moscow in the second half of 2004 according

to [20]. Thus the discount norm p was accepted equal to the

Russian Federation Central Bank rate since 15 01 2004 or

14 % annually.

For the estimation correctness it is necessary to con-

sider [19] that purchase and installation of additional ac-

cessories are paid by borrowed funds. In this case it is pos-

sible to reveal the limits of affordability. In some cases it

could be better to invest into energy saving measures (for

example, in case annual energy saving income would ex-

ceed annual loan payments). In some other cases, it could

be better to invest funds differently.

The results for object 2 are shown in Fig. It is easy to

see that an expected recovery term of all used complex of

energy saving measures even using the discount of expenses

makes only 4,4 years. It is shorter than the planned life of a

building (not less than 25 years). Similar data have been

got as a result of analysis of objects 1 and 3. Payback term

for these buildings could be about 4,1 and 2 years.

It is necessary to notice that the recovery terms of ev-

eryone separately taken measure can essentially differ from

the given figures, could be both smaller and bigger. The

analysis of the data [21] shows that the cheapest measure is

application of heat recovery in ventilating systems and au-

tomation of the heating ones.

For comparison, reduced in the enclosure Г [22] rules

of energy consumption calculus for the heating season leave

unaccounted many possible energy saving measures, ie

exhaust air energy recovery, using the heat pumps and many

others. Besides, the permissible decrease of thermal resis-

tance of a building envelope (for outside walls – up to 37 %,

for floors and ceilings – only 20 %) does not reach values,

sufficient to meet the sanitary-hygienic requirements. Fur-

thermore, as stated in [8], the other components of an en-

ergy balance of a building include the heated consumption
Dependence of combined expenditure discounting CDE on hori-
zon or discounting T
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on heat water supply, electric power consumption etc. Thus

the technique of the standard [7] allows for all these cir-

cumstances and gives the designer maximum capabilities

for implementing the energy saving measures.

Table 2 shows that the comparative decrease of energy

consumption provided by extra thermal insulation and of

heat recovery is close and makes approx 16–20 %. But the

cost for heat recovery is essentially lower. The effect of the

thermostats installation is also within the same limits.

A little bit smaller effect (5–10 %) is achieved by the re-

placement of a glazing. At the same time minor economies

from the maintenance of hot water supply system in the

given series of objects were received because the normative

consumption of hot water in office buildings is very small.

However, in housing these measures can give a better effect

because of a high portion of hot water supply systems in the

common energy balance (up to 30–35 %). Thus the energy

saving potential of each measure in different buildings ap-

pears to be rather close, and they differ only because of dif-

ferent areas of the walls, windows, floors and roofs.

Great additional thermal insulation of walls, roofs and

floors seems to be economically unjustified under market

conditions of Russia because the annual percent are for the

credit taken for additional insulation will be higher than

the expected annual saving of expenses on thermal energy,

as shown [19].

Nevertheless, the project of building absolutely with-

out any additional heat insulation is not acceptable, because

other ways of energy saving, as a rule, do not provide de-

sirable total decrease of energy consumption. But such de-

crease should be performed in reasonable limits [21] and

after a complex analysis of energy saving potential of other

possible measures. Therefore only the complex approach

to energy saving is capable to sort out a problem of defi-

ciency of energy resources, staying in economically effec-

tive range.

4. Conclusions

Thus now for the first time and using examples of the

real buildings the complex technique of building heat pro-

tection choice and method of their energy efficiency esti-

mation are offered. Also, the technique offered in the stan-

dard of Rus. Sci. Tech. C. E. O. [7] is realized. It was

affirmed as convenient to the engineering practice. Besides,

the quantitative assessment of absolute and relative effi-

ciency of separate energy saving measures and of their en-

tire complex was obtained. Reasons of the authors concern-

ing the standard [7] about an optimum level of thermal

insulation of walls, roofs and floors [13], [19] and most

expedient sequence of other energy saving measures [21]

were also affirmed.

The technique of energy efficiency analysis, developed

in Rus. Sci. Tech. C. E. O., allows to accept decisions on

heat protection and construction of engineering systems

already during the feasibility study of the project. At first

main parameters of the project, ie the distribution of en-

ergy expenditures, should be defined. Then by a subsequent

detailed development of separate sections of the project

(heat-shielding, heating, ventilation, hot water supply sys-

tem etc) they may be defined more exactly. Only in this

case it is possible to overcome inconsistency between func-

tioning of various engineering systems of a building and to

ensure interchangeability within limits of all ways of en-

ergy saving with minimal expenses.
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ENERGIJOS TAUPYMO EFEKTYVUMAS VISUOMENINĖS PASKIRTIES PASTATUOSE RUSIJOJE
RINKOS EKONOMIKOS SĄLYGOMIS

O. Samarin, K. Lushin, S. Paulauskaitė

Santrauka

Išnagrinėtas vienas iš grupės energiją taupančių priemonių kompleksinio efektyvumo įvertinimo variantų viešosios paskirties
pastatuose, taikant Rusijos statybininkų mokslinės techninės draugijos (PHTO) projekto visuomeninio standarto metodiką. Nustatytos
pagrindinės šiluminės ir elektros energijos išlaidų sudedamosios dalys, reikalingos grupės tirtų pastatų inžinerinės struktūros
funkcionavimui. Duota taikytų priemonių energijos taupymo potencialo lyginamoji analizė. Pateikti siūlomų inžinerinių sprendimų
komplekso atsipirkimo laiko skaičiavimai rinkos ekonomikos sąlygomis, įvertinant kapitalinių ir eksploatacinių išlaidų diskonto normą.

Reikšminiai žodžiai: energijos taupymas, lyginamasis efektyvumas, kompleksinis požiūris, išlaidų mažinimas.
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