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Calculated and measured energy use
before and after thermal renovation
for Romanian apartment buildings

The objective of the article is to analyse the energy use for space heating and production the
domestic hot water (DHW) before and after the thermal refurbishment of five blocks of flats in
Timisoara, Romania which have been included in the multi-annual National Program, financed
in 2009, to increase of the energy performance of blocks of flats. In addition we estimate the
factors that lead to the differences between the calculated and measured energy use, and
recommend some energy saving measures for the future.
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Regulatory background

The Directives 2002/91/CE and 2010/31/EU regarding
the energy performance of buildings, recommended that
each energy performance of buildings should be deter-
mined independently nationally based on a methodology
that includes the thermal insulation of buildings, and the
modernization of the building installations. [1] [2] [6]

As a result of EPBD 2002 directive Romania enforced
the 372/2005 law that regarded the increase in building
energy performance. The law covers the general frame-
work for the energy performance of buildings includ-
ing calculation methodology. In 2006, the Mc001/2006
methodology for determining the energy performance
of buildings was elaborated and approved.

The National Program for Thermal Refurbishment initi-
ated by the Ministry of Development, Public Works and
Buildings for increasing the energetic performance of res-
idential buildings is based on the Government Emergency
Ordinance OUG 174/2002, and OUG 18/2009 and the
applicable methodology Norms. This program was initi-
ated out of the need to reduce the energy consumption
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of buildings while maintaining and assuring a degree of
indoor comfort. If the energy consumption is reduced,
the heating costs of buildings and the greenhouse gas
emissions will be reduced, thus also improving the urban
aspect of cities in a noticeable way.

Thermal refurbishment measures and
financing

The thermal refurbishment measures have been taken,
with regards to the all the quality requirements and the
mandatory norms afferent to law no.10/1995 for mul-
ti-story buildings and their installations, built after a
standard type during 1950 and 1985, in heavily popu-
lated urban areas, which are connected to the central
district heating network. For reducing the energy use,
the following measures have been taken:

Thermal insulation of the exterior walls;

Thermal insulation of the basement floors;
Thermal insulation of the terrace-type roofs;
Sealing/replacing the exterior walls and windows;
Thermal insulation of the pipes from the technical rooms
and replacing it where heavy losses have registered;
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Figure 1. Case buildings before and after renovation.

e Thermal energy metering;

e Installing heating cost allocator and thermostatic
radiator valves for the heating units;

e Measuring individual domestic hot water
consumption.

At that time, the financing for the technical documen-
tation and for the refurbishment works had been made
as follows: 34% from the state budget, 33% from the
local budgets and 33% from the reparation funds of the
House Tenants’ and Flat Owners’ Association.

Heating energy use of blocks of flats

Five blocks of flats in chosen to the study (Figure 1)
were built during 1970 — 1977, and had exterior walls
of large prefabricated panels made out of reinforced con-
crete with three-layer panels with

e Interior resistance layer;
e Thermal insulating layer;
o Exterior layer for protection of the thermal

An exception from this pattern is the block of flats

Case 4, built in 1965, with brick walls.

The exterior windows are partial double windows with
simple glass and partially insulating glass windows. The
air change rates were estimated to be (0.7 - 0.8) h™'. The
interior two pipe hot water radiator heating units are
supplied from energy thought the centralized municipal
thermal energy station.

During the first phase of the process, the energy use was
calculated for the following climatic data scenarios:

e The energy simulation before the thermal
refurbishment:
— conventional year
— year 2007;

o The energy simulation after the thermal
refurbishment:
— conventional year

insulation. — year 2010;
Table 1. Monthly average of outdoor temperatures, in °C.

Annual

I I 1l v Y VI viL | vl IX X XI Xl

Average
Conventional year 10.6 -16| 1.2 | 58 | 112 | 163 | 194 | 21.1 | 204 | 165 | 11 56 | 08
2007 124 44 | 55 | 86 | 127 | 183 224 242 | 23 | 148 | 10.7 | 4.2 0
2010 11 =1 -1 6 12 16 20 23 | 222 | 164 | 94 9.1 0
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Figure 2. Calculated energy use before thermal refur-
bishment using conventional or 2007 weather data and
measured energy use, in kWh/m?a.
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Figure 3. Calculated energy use after thermal refurbish-
ment using conventional or 2010 weather data and
measured energy use, in kWh/m?Za.

In the second phase of the process the calculated ener-
gy use [3][4][5] were compared with the consumption
registered on the invoices, based on the thermal energy
meter readings. The energy demand was determined at
the boundary of the building.

Taking into consideration the two calculus hypotheses,
we have the following energy use distribution:

e before the thermal refurbishment (Figure 2):

— conventional year: (168.6 — 205.4) kWh/m?a,
most belonging to the energy class D (House 2
belonging to the energy class C);

— year 2007: (140.5 — 174.9) kWh/m?a

— measured values: (130.2 — 167.4) kWh/m?2a

e after thermal refurbishment, Figure 3:

— conventional year: (85.1 — 98.6) kWh/m?a, be-
longing to the energy class B;

— year 2007: (84.8 — 98.2) kWh/m?a, belonging
to the energy class B;

— measured values: (101.4 — 128.4) kWh/m?a, be-
longing to the energy classes B and C;

The study showed that through the thermal refurbish-
ment of buildings there was an estimated reduction of
energy use of 50%. In reality the consumption was low-
ered with approximately (20 — 25)%.

Energy use for DHW

The energy use for preparing DHW is determined ac-
cording to the net surface and the average number for
occupying the block of flats in the Timis County, from
which Timisoara is part of. Figures 4 and 5 synthesize
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the energy use before and after the thermal refurbish-
ment in all the five cases taken into consideration:

o before the thermal refurbishment, Figure 4:
— conventional year: (61.9 — 97.2) kWh/m?a, be-
longing to the energy classes D and E;
— measured values: (38.1 — 55.8) kWh/m?Za, be-
longing to the energy class C;
e after the thermal refurbishment, Figure 5:
— conventional year: (50.4 — 7.2) kWh/m?a, be-
longing to the energy classes C and D;
— measured values: (31.8 — 46.8) kWh/m?a, be-
longing to the energy classes B and C;

Besides the reduction of the energy use for produc-
tion of DHW,, determined by the refurbishment meas-
ures, the reduction of DHW can also be motivated by
the increase of the hot water costs with 62.6%, during
2010 — 2011 compared to 2007 — 2008.

Conclusions

The causes for the differences between the measured and
calculated consumption are estimated as follows:

e for the heating installation:

— incorrect estimation value of the thermal resistance;

— actual indoor temperatures can be higher than the
conventional ones; Energy demand depends strong-
ly on indoor temperature shown in Table 2.

e air change rates can be higher than the conventional
(estimated) air change rates. Energy demand depend
strongly on air change rate as shown in Table 3.

® not using heating cost allocators.



Table 2. Effect of indoor temperature on
heating energy demand (Case 1).

20 22 233

934 | 110.2 | 122.2

100

80

60 -

40 -

20 -

Casel Case2 Case3 Cased4 Caseb

W Conventional M Measured

Figure 4. Calculated (conventional year) and measured
use of energy for DHW before the refurbishment.

Table 3. Effect of air change rate on
heating energy demand (Case 1).
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Figure 5. Calculated (conventional year) and measured
use of energy for DHW after the refurbishment.

e for the domestic hot water installation:

— the conventional (estimated) number of people
may be different than the real one;

— the temperature values for the DHW prepara-
tion and supply and the temperature of the cold
water that enters the DHW installation may be
different than the values from the conventional
calculus;

— the calculation of the heat losses from supplying
the consumer with DHW, presents differences
in the proposed volume calculation methods of
the DHW;, corresponding to the losses of water,
which is calculated according to the following:

= specific DHW losses
* dimensioning factors
» table values

By analysing all the case study results, the following rec-
ommendations for reducing costs are proposed:

e a better understanding on behalf of the owners and
tenants of the way how the building functions,

e installing heating cost allocators onto each heating
unit;

e periodic analysing the energy bills;

e quantifying the energy cost reduction potential
with up to 50% from the initial situation (at the

moment the reduction being up to 20 — 25%);
reducing the indoor temperature and the number of
air change rates to the point of indoor comfort;
energy consultancy.
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