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The article presents a calculation of an energy-saving payback system aimed at enhancing thermal
protection of enclosing structures of a panel-assembled building in use by means of the ITE PARISO
thermal insulation products. Examples are given of how to calculate the simple payback period of
extra insulation of buildings’ exterior walls by ITE PARISO slabs and of how to calculate the payback
period taking into account the growth of rates for thermal energy.
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INTRODUCTION

The higher the level of thermal protection of exte-
rior enclosing structures (walls, windows, cover-
ings, etc.) the lower are the heat losses through
them and the less heat needs to be supplied to
the building to make up for the heat loss. Thus,
the increase of heat protection (thermal insula-
tion) of exterior enclosing structures can reduce
the heat energy loss and, thereby, cut the spend-
ing on the use of the building. One of the existing
buildings’ energy saving and energy efficiency
improving methods is based on this principle.

Most of the residential facilities being currently
used in the Russian Federation do not meet the
regulatory requirements in terms of thermal protec-
tion of enclosing structures. Since 2000, following
amendment No.3 to SNiP 1I-3-79* (Russian build-
ing standard) and subsequent approval, based on
this amendment, of SNiP 23-02-2003 standard
(since 2012, SP 50.13330.2012- construction
standard), the requirements applied to the level
of thermal protection of enclosing structures have
toughened significantly. It means that all the build-
ings erected before 2000 do not meet the current
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requirements applied to thermal protection, i.e.
they are obsolete and need renovation. Insulating
of enclosing structures has to be the main action of
energy efficiency reconstruction [16-22].

Used as a material for external thermal insula-
tion of structure walls are rock wool slabs with
longitudinal arrangement of ITE PARISO fibers
(manufactured by PAREXLANKO research labo-
ratory, I'lsle d’Abeau, France. AlphaStroi Service
Ltd, St Petersburg, Russia, is a representative of
the French trademark PAREXLANKO). The ITE
PARISO slab specifications are shown in Table
3. The ITE PARISO slabs are designed for use
as a thermally insulating layer in fagade systems
with a thin coat of plaster in new construction,
reconstruction, major and routine repair of build-
ings and structures for different applications.

LITERATURE REVIEW

The following scientists made a big contribution
to the solution of energy saving problems and
enhancement of energy efficiency: Yulia Yuryev-
na lvakina, Sergey Pavlovich Kutyev, Pavel
Vladislavovich Monastyryov, Nikolay lvanovich
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Vatin, Vera Murgul, Alexander Viktorovich Sad-
chikov, Yekaterina Aleksandrovna Latyntseva,
and Manvel Sergoyevich Akopyan [1-41].

In her work, Yu.Yu.lvakina developed an installa-
tion for experimental determination of rock wool
slabs’ likely emission. Using the micro-structural
and chemical analysis method she established
that the rock wool used for 5 years is physically,
chemically and biologically resistant to corrosion.
S.P.Kutyev established a multi-factorial depen-
dence between the physico-mechanic parame-
ters of individual layers and strength performance
of a finished two-layer rock wool product. Also, he
established the dependence of physico-mechanic
and thermal-engineering specifications of a fin-
ished two-layer rock wool product on the density
of upper and lower layers and their ratio. Finally,
he established the dependence of strength of
rock wool products on the binding agents con-
tent. P.V.Monastyryov used such an investiga-
tion method as laboratory experiments to study
the changes, over time, of thermo-physical and
physico-mechanic properties of rock wool slabs
under the impact of operating factors. He deter-
mined the essential factors characterizing the
geometrical and thermo-physical properties of
elements of ventilated facades and significantly
affecting the thermal engineering uniformity of
thermally insulated exterior walls. A.V.Sadchikov
experimentally established the air permeance
of rock wood insulating slabs and foam polysty-
rene of different thickness. He has developed a
methodology of determining thermal losses of
an area of construction in the ventilated facade
with regard to the longitudinal air filtration in the
thermal insulator. He determined the influence
of the insulator type on the actual resistance to
heat transfer in an area of enclosing structure
with regard to the longitudinal air filtration in the
insulator. Ye.A.Latyntseva proposed a technology
of insulating industrial high-temperature systems
with rock wool based on a new type of binder. The
technology employs the pouring process right on
the facility site. She established that the operat-
ing strength of rock wool products based on alum
silicate binder is higher than that of those based
on phenolic alcohols and aided by the modified
alumochromphosphate binder. M.S.Akopyan de-
tected new physico-mechanical properties of in-
sulators acquired during their filling into narrow,
long channels, with employment of methods de-
veloped expressly for this purpose. He investigat-
ed the devices that uniformly distribute the stress
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on the rock wool insulator as it is filled into shal-
lows and cavities. To the same end he proposed
the optimum versions of those devices.

However, despite the large amount of investigations on
this subject, the effective method of insulating the en-
closing structures by rock wool slabs featuring longitu-
dinally arranged fibers has not received due attention.

Goals of the research work:

» The goal of this research work is calculation
of the payback period for the energy-saving
efforts aimed at enhancing the thermal pro-
tection of facades (exterior walls) of a panel-
assembled structures commissioned before
2000 (the method of insulating the enclosing
structures by rock wool slabs featuring longi-
tudinally arranged fibers).

Tasks of the research work:
 to calculate the simple payback period;

* to calculate the complex payback period taking
into account the growth of thermal energy rates.

 In calculating the simple payback the follow-
ing is omitted: rate of discount, inflation, cred-
it interest (in case of using borrowed funds for
thermal insulation of the structure’s exterior
walls), growth of thermal energy rates.

With reference to this model we shall consider that
the discount rate corresponds to the inflation and
they fully defray each other in the period under
consideration. Also, let us presume that no bor-
rowed funds (credits) are used for insulating the
facades. In the event of a block of flats, the facade
insulation is made using the funds accumulated
by the residents for the general overhaul whilst
in case of owners of a single-apartment building
those will be the householder’s personal funds.
Thus we obtain an approximate model which can
subsequently be made more complex by intro-
ducing coefficients and functional dependences.
In calculating the complex payback we shall take
into consideration the growth of rates for thermal
energy. The following pattern of the rate growth,
5, 10 and 15%, will be considered.

Taken for an object of investigation is a panel-
assembled block of flats.

INITIAL DATA FOR CALCULATION

Taken as reference data for climate in the design
work were:

in the event of the residential block of flats — the
climatic conditions of St Petersburg.

The nominal climatic and thermal energy pa-
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rameters of the building for St Petersburg were
accepted as per SP 131.13330 [2] construction
standard. They are shown in Table 1.

The geometric characteristics of the facades of
the building under consideration are not shown
because the work calculates operating loss of
thermal energy and capital spending on extra in-
sulation shown for 1 m2 of exterior facades. The
geometric characteristics of the facades of the
building under consideration are not shown be-
cause the work calculates operating loss of ther-
mal energy and capital spending on extra insula-
tion shown for 1 m2 of exterior facades. Based on
the data shown in Tables 1, calculation is made
of the basic value of the required resistance to
heat transfer o,feexterior enclosing structures R’

. The value R, (see note to Table 2 SP 50.1330
standard) is calculated by the formula:

R, =a-DDHP +b (1)
DDHP - degree-days of heating period (see
data of Tables 1 and 2);

a, b — coefficients whose values must be taken

o

from Table 3 SP 50.13330 construction standard
for relevant task packages; for exterior walls of
residential buildings a = 0,00035, b = 1,4.
Based on the obtained initial data let us calcu-
late, using formula (1), the basic values of the
required resistance to heat.

R = a-DDHP +b = 0,0035- 4537 + 1,4 = 2,99 (m*-"C /W)

For external walls of a residential block of flats in
St Petersburg, we shall obtain:

Used as a material for the buildings’ external wall
insulation are rock wool slabs with longitudinal
arrangement of ITE PARISO fibers (manufac-
turer: PAREXLANKO research laboratory, I'lsle
d’Abeau, France. Specifications of the ITE PARI-
SO slabs are shown in Table 2.

The ITE PARISO slabs are designed for use as a
thermally insulating layer in fagade systems with
a thin coat of plaster in new construction, recon-
struction, and major and routine repair of build-
ings and structures for different applications (see
TS for use of fagade insulation system in compli-
ance with the GOST 4640-93 standard) [06-09].

Table 1: Nominal climatic conditions for residential buildings in St Petersburg

Parameter Parameter designation | Unit of measurement ‘r;l:IT;nal
Nominal temperature of external air t °C -24
Mean temperature of external air or °C -1.3
during heating period

Heating period duration z. day/year 213
Degree-day of heating period DDHP °C daylyear 4537
Nominal temperature of internal air t °C 20

Table 2: Characteristics of rock wool slabs with longitudinal arrangement of ITE PARISO fibers

Parameter name

Numeric value

more than

Density, kg/m? 150
Heat conductivity 4,5, W/(m#K), 0.038
not more than

Nominal heat conductivity for operating conditions 0.045
A A,, W/(m+K), not more than

Nominal heat conductivity for operating conditions b 0.048
A;, W/(m<K), not more than

Vapor permeability, mg/(m<hePa), not more than 0.3
Compression strength at 10% deformation, kPa, not 0.35
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CALCULATION OF SIMPLE PAYBACK

Calculation for a block of flats in Saint Peters-
burg . Let’s consider the model below.

The existing building was erected before 2000
and is located in St Petersburg. Let's assume
that the cited resistance to heat transfer of exter-
nal walls meets requirements of the construc-
tion standard SNiP 11-3-79* and amounts to 1.0
m?2+°C/W (which meets sanitary and hygienic
requirements applied to the climatic conditions
of St Petersburg). Accordingly, the coefficient
of heat transfer of external walls is: U=1.0 W/
(m2¢°C). The number of degree-days in the heat-
ing period (DDHP) for residential buildings in St
Petersburg, as Table 1 shows, is 4537 °Ceday.
The heating is centralized (supplied by the city’s
heat power plant. The cost of thermal energy
is 1,351.25 RUB/Gcal, incl. VAT (resolution
No.589-p of St Petersburg Committee on Rates
and Tariffs dated 20.12.2012. It is necessary to
insulate the external walls of the building so that
they would satisfy the regulatory requirements
(2.99 m2+°C/W as per construction standard SP
50.13330) [7-16]. It is also necessary to calcu-
late the payback period of work on extra insula-
tion. Taken for the insulator is ITE PARISO rock
wool, with subsequent plastering of the wall over
the insulation layer.

Let’s calculate the required thickness of insulator
o m. We use the following formula:

req
re inii ;I’r'm
§;cq = (Ru ‘- Ru ]) ’ T (2)

Rg""’“- the required value of cited resistance to heat
transfer of the building’s external walls, m2°C/WV;

_0024U,-DDHP  0024U,-DDHP

AI=3-0,=0 ¢, 0yer = Ty

Rf;”“- initial (actual) value of cited resistance to
heat transfer of the building’s external walls be-
fore and after their extra insulation, m2°C/W;

/I,m- insulator heat conductivity, W/ me°C; this is
accepted for operating conditions b (A,);

r - coefficient of thermal-technical uniformity of
the extra layer of insulation.

The formula (2) disregards the thermal resistance of
the plaster layer because it is negligently small com-
pared to the thermal resistance of the insulation layer.

Let’'s assume, for the rock wool insulator of the ITE
PARISO system, a heat conductivity coefficient
under b (A;) operating conditions equal to 0.048
W/m+°C), whereas the coefficient of thermal unifor-
mity r will be equal to 0.87 (with 4 expansion bolts,
6mm diameter, on 1 m? of the wall area).

The required value of resistance to heat transfer
for external walls of residential buildings as applied
to the climatic conditions of St Petersburg (DDHP
= 4537 °C-day) R, "amounts to 2.99 m2°C/W. The
value of resistance to heat transfer equal to 2.99
m2°C/W corresponds to the coefficient of heat
transfer U=0.335 W/m?2+°C. Let us assume that the
actual value of the cited resistance to heat transfer
(R,") is substantiated by thermo-technical mea-
surements and is equal to 1.0 m?«°C/W [33-38].

Then the required thickness of the insulation
layer 9., will amount to:

) A
5. =(R“ —R"y.Zm = (2,99 -1,0)
"

req

: 0’0478 ~ 0,11 (m)

»

Accordingly, for further economic calculations
let's assume that the required thickness of the
insulation is 110 mm. The wall construction un-
der consideration is schematically shown in Fig-
ure 1 Using the formula (3):

024 DDHP
Q024DDHF (3

1163
where AD - the difference of operating costs
(losses of thermal energy over 1m? during a
single heating period) for the building’s external
wall before (3,) and after insulation (3,);
c,- the cost of thermal energy, Rub/Gcal ;
U, ,- the heat transfer coefficient of building en-
0,024- DDHP
1163

Capital spending on extra insulation of an exte-
rior wall of the existing panel-assembled building
in Saint-Petersburg (AK) is 1974.6 Rub/m?.

Divide the AK values by the A3 values below. We

AI=(U, -U,)

210

¢, =(1-0335).

e =(U, -U,)-

1163 1163

velopes (U = R] ): let’s calculate, for the instance dealt
with, the difference of operating costs (losses of ther-
mal energy over 1 m? during a single heating period)
for the building’s external wall before and after insula-
tion. Thus we'll obtain:

0,024-4537 135125841 (@)
m

obtain the simple payback period for insulation
of the exterior wall of the existing building at the
insulator thickness of 110 mm (Figure 1):
I AK _ 1974,6
AD 841

= 23,4 (years).

Journal of Applied Engineering Science 12(2014)3, 294
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4250 110
Figure 1: Diagram of a panel-assembled block of
flats’ exterior wall construction

It should be noted that the payback period
T=23,4 years was obtained without considering
the growth of rates for thermal energy.

Therefore, the obtained value of the payback pe-
riod equal to 23,4 years can be regarded only as
an evaluative figure.

o

It should be pointed out that in case of a thicker
insulation (> 110 mm), the simple payback period
will shorten (will be less than 23.4 years) because
the capital outlays will grow insignificantly in com-
parison with the operating cost reduction. This is
so because the main costs in the capital outlays
sector are those of plastering and will remain un-
changed for any insulator thickness [22-28].

CALCULATION OF THE RECOUPMENT
PERIOD OF EXTRA THERMAL INSULATION
OF FACADES TAKING INTO ACCOUNT
THE GROUTH OF HEAT RATES

The heat rates in Russia grow each year. This
leads to the growth of spending on use and
maintenance of buildings. Table 3 shows the
heat energy rates growth pattern in Saint Peters-
burg during 2006-2011. Table 4 shows the rates
growth pattern for Saint Petersburg citizens, i.e.
the growth of cost of heat per year (in percent)
relative to the previous year.

Table 3: Dynamics of growth of tariffs for thermal energy in St. Petersburg from 2006 to 2011 at the
centralized heating of buildings

Year Rate fl(g,l::,l ,i:_j)blecal Basis

2006 500.40 Resolution N 100-p of the St Petersburg Administration of 16
November 2005

2007 575.46 Resolu.tion N 123-p of the St .Petersburg Administration’s
Committee on Rates and Tariffs of 15 November 2006

2008 650.00 Resolution N 139-p of the St Petersburg Administration’s
Committee on Rates and Tariffs of 31 October 2007

2009 795.73 Resolution N 141-p of the St Petersburg Administration’s
Committee on Rates and Tariffs of 19 November 2008

2010 931.00 Resolution N 199-p of the St Petersburg Administration’s
Committee on Rates and Tariffs of 14 December 2009

2011 1050.00 Resolution N 334-p of the St Petersburg Administration’s
Committee on Rates and Tariffs of 13 December 2010

Table 4: Pattern of heat energy rate growth (in relative terms)

Years (from ... to)

Accrued cost of heat energy relative to the previous year, %

from 2006 to 2007 +15.0
from 2007 to 2008 +13.0
from 2008 to 2009 +224
from 2009 to 2010 +17.0
from 2010 to 2011 +12.8
On average in one year (Ac,) +16.0

Journal of Applied Engineering Science 12(2014)3, 294
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So, in the period under consideration (from 2006
to 2011) the average figure of relative growth of
rates for heat energy per year Ac, amounted
to 16%. If this figure is taken as a reference for
forecasting the cost of heat energy in the coming
years, then the presented scheme shows that
each 5 years the heat rates are due to grow by
2.1 times (1,16°). It means that if this dynamics
persists further, then in 10 years’ time they may
grow in a geometrical progression by 4.4 times
(1.16'°) and so on. At least, until now, as the data
of Table 4 show, this has been the case (1,050.0
rub/Gcal (2011) / 500.4 rub/Gcal (2006) =2.1).

The Russian Federation Government plans to
reduce the growth of housing and utilities rates.
Thus far, however, it is unclear how it will be
done in real life. Therefore, let's consider three
likely scenarios: mean annual growth of rates for
heat power by 5%; mean annual growth of rates
for heat power by 10%; mean annual growth of
rates for heat and power by 15%.

Calculation of payback periods is shown in tables
5,6,7. The calculation results is shown in figure
2,3,4. As can be seen from them, taking into ac-
count the growth of rates for thermal energy the
payback period is greatly reduced.

Table 5: Calculation of a payback period (the average annual growth of rates for heat power by 5%)

Financial performance, rub

by years
3 4 5 6 7 8 9
Costs of insulation of 1 m? of
a facade
Saving of thermal energy 93 97 102 107 113 118 124
Balance with accumulation -1710 | 1612 | -1510 | -1403 | -1290 | 1172 | -1047

12 13 14 15 16 17 18

Costs of insulation of 1 m? of a
facade

Saving of thermal energy

144

151 159 | 167 | 175 184 193

2
-1975
88
-1891 | -1802
11
131 137
-917 | -780

Balance with accumulation

-636

-485 | -326 | -160 | 16 200 393

Table 6: Calculation of a payback period (the average annual growth of rates for heat power by 10%)

Financial performance, rub

by years
2 3 4 5 6 7 8 9
ts of insulation of 1 m?of
e ﬂ
Saving of thermal energy 93 102 112 123 135 149 164 180
Balance with accumulation -1891 | -1798 | -1696 | -1584 | -1461 | -1326 | -1177 | -1013 | -833
11 12 13 14 15 16 17 18
Costs of insulation of 1 m? of a
facade
Saving of thermal energy 198 218 240 | 0264 | 290 | 319 | 351 386 425
Balance with accumulation _ﬂ -634 | -416 -176 88 378 698 | 1049 | 1435 | 1860

212
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Table 7: Calculation of a payback period (the average annual growth of rates for heat power by 10%)

Financial performance, rub
by years
1 2 3 4 5 6 7 8 9
Costs of insulation of 1 m?of
a facade 1975
Saving of thermal energy 84 97 111 128 147 169 195 224 257
Balance with accumulation -1891 | -1794 | 1683 | -1555 | -1408 | -1238 | -1044 | -820 | -563
10 11 12 13 14 15 16 17 18
Costs of insulation of 1 m? of a
facade
Saving of thermal energy 296 340 391 450 517 595 | 684 787 905
Balance with accumulation -267,1 | 73,2 | 464,4 | 914,4 | 1432 | 2027 | 2711 | 3498 | 4403
Economic effect, rub
s Saving of thermal energy
1000,0 /( mm Costs of insulation of 1 sq.m
500,0 of a facade _
00 lnaxsssssnnnnnny 111 == Balance with accumulation
000 |1234567809101112 1617181920 | Payback period of thermal
: insulation of facades with
-1000,0 + =) growth of rates for heat
-1500,0 | power by 5%, no more
20000 % than 16 years
-2500,0
Figure 2: Economic effect in terms of money at growth of rates by 5%
Economic effect, rub _
mmm Saving of thermal energy
4000,0 . . .
mm Costs of insulation of 1
o Bl
2000,0 f accumulation
1000,0 ¥ Payback period of thermal
0,0 NN insulation of facades with
-1000,0 121314151617181920 | growth of rates for heat
power by 10%, no more
-2000,0
’ than 13 years
-3000,0

Figure 3: Economic effect in terms of money at growth of rates by 10%
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Economic effect, rub

mmm Saving of thermal energy

8000,0
)( I Costs of insulation of 1
6000,0 sq.m of a facade
4000,0 =»&=Balance w.ith
accumulation
2000,0 Payback period of
00 thermal insulation of

T 2345 1011121314151617181920 facades with growth of

-2000.0 rates for heat power by
15%, no more than 11
-4000,0 years
Figure 4: Economic effect in terms of money at growth of rates by 15%
CONCLUSIONS tersburg). Applied Mechanics and Materials.

In this article, the payback periods for the energy-
savings efforts aimed at enhancing the thermal
protection of facades (exterior walls) of a panel-
assembled structures commissioned before 2000
are calculated (the method of insulating the en-
closing structures by rock wool slabs featuring
longitudinally arranged fibers). For this goals:

- the simple payback period is calculated, the
payback period is 23,4 years;

- the complex payback period taking into ac-
count the growth of thermal energy rates is
calculated, Payback period of thermal in-
sulation of facades with growth of rates
for heat power by 5%, no more than 16
years, by 10%, no more than 13 years, by
15%, no more than 11 years.
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