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Abstract – Energy efficiency in historical heritage buildings is 

viewed as a taboo because these buildings usually are protected 

under law and no energy efficiency measures that would change 

the appearance of the building are allowed. In this paper we look 

at the potential of increasing energy efficiency level in historical 

buildings. Measurements to determine energy efficiency of a 

historical brick building have been done, which also give the 

possibility to determine the potential of energy efficiency 

measures in this building. 
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I. INTRODUCTION 

It is hard to increase energy efficiency level in historical 

brick buildings. These buildings usually are protected by law 

and no energy efficiency measures are allowed that change the 

appearance of the building [5]. The largest energy savings in 

buildings can be achieved by insulating outer walls and 

changing windows. If change of windows in historical 

buildings might be permitted, then wall insulation from the 

outside is prohibited. 

Since the low energy efficiency of historical brick buildings 

in Latvia basically is protected by law, there has practically 

been no research to determine the existing energy 

consumption of these buildings. Some research has been done 

to determine the energy efficiency level, energy efficiency 

potential and measures in historical brick buildings outside 

Latvia. Fabrizio Ascione et.al. [1] conducted research to 

investigate energy retrofit possibilities of historical buildings 

in Italy. This study suggested to use thermal plaster for 

insulation. Said M.N.A et. al. [2] researched how internal wall 

insulation affects hygrothermal performance of a masonry 

wall. E. Grinzato et.al.[3] have used thermography for 

investigating historical buildings. This gives possibility to 

assess the moisture and thermal diffusivity of walls in 

historical buildings. All previously mentioned research is 

concentrated on one building analysis, which does not show 

the existing energy efficiency level of historical buildings. The 

existing energy efficiency level in historical buildings has 

been investigated in research of Kristian Fabbri et.al. [4], 

where they use EPC (energy performance certificates) to 

classify historical buildings. Nonetheless, no extensive 

research has been done to determine the existing energy 

consumption in historical buildings, which is the first step to 

understanding the energy efficiency potential of historical 

buildings. 

Research was done in order to understand the potential of 

energy efficiency in historical buildings. Measurements and 

energy efficiency measures were implemented in a historical 

small size building in Riga, Latvia. A small size building was 

chosen because this gave a possibility to implement more 

energy efficiency measures with the available resources. This 

research was done as part of Baltic Sea Region Programme 

2007 – 2013 project “Co2ol Bricks”. 

II. EXISTING SITUATION 

The building is located in Riga city in Spīķeri complex, the 

industrial aesthetics of which is included in the UNESCO 

World Heritage List. The building has an area of 56,3 m2. The 

building is currently empty and is not being used, but 

previously the building housed WC facilities. 

 

 

 

Fig. 1. Building Maskavas iela 8, Riga, location and facade 

doi: 10.7250/iscect.2013.011 

 



Environmental and Climate Technologies 

__________________________________________________________________________________2013 / 3 

61 

 

A. Building envelope 

Exterior walls of the building are made of painted silicate 

bricks with a thickness of 51 cm and an area of 129,13 m2. 

The building is uninhabited for several years and its 

construction is significantly affected by weather and human 

factors. 

Construction damage above the window was observed, 

indicating potential moisture penetration from the roof. The 

damage reveals deeper, unpainted bricks which, opposed to 

the bricks on the surface, have not formed a surface layer over 

time, so they are more rapidly exposed to moisture damage. 

The wrong design contributed these defects, because there are 

no lintels. All the bricks are immured in parallel vertically and 

without complying with the required angle. Damage is 

observed at the bottom as well, where the gutter is not at the 

required angle and, as a result, rain water leaks into the walls. 

At the top left moss growth is observed, leading to 

intensifying of brick deterioration. 

 

 

Fig.2. Damaged building envelope elements 

 

The final parts of building gutters are missing, and due to 

this, water is not drained 20 - 40 cm above the ground as 

recommended, but about 160 to 220 cm in height. One of the 

building windows has been replaced with plywood, which is 

not suitably fixed. At the bottom of Figure 2, damage to the 

construction of the wall is visible, where the whole bricks are 

missing and the stitches crumbling away. Damages can be 

observed up to a height of 2 m on the annex joint. 

The top and final leg of gutter is missing, which results in  

moisture draining into the wall. At the bottom of the picture 

moisture damage to the building’s foundations can be 

observed and on the right of the picture -- part of the joint has 

fallen out. 

B. Estimated building energy consumption 

Since the building has not been used in the last years, no 

measured energy consumption data is available. Therefore 

calculations were done to determine the building’s space 

heating energy consumption. Calculations were done 

according to Cabinet of Ministers Regulation Nr. 39 “Method 

for calculating energy performance of buildings” [7]. This 

method is based on ISO standard 13790:2008 “Energy 

performance of buildings. Calculation of energy use for space 

heating and cooling” [8]. 

Measurements were also done to determine the heat transfer 

coefficient of the outer walls. 

Since there are many unclear parameters (internal heat gains, 

usage characteristics of the building, air change rate, etc.) that 

have to be taken into account in the calculations, the accuracy 

of calculations is quite low. It is estimated that the accuracy of 

the calculated space heating energy consumption is ±20%. In 

many cases such a calculation error would be considered to be 

very large but in case of this building, it is normal. 

The building does not have a mechanical ventilation system, 

so the building has a natural ventilation system with air flow 

through the building envelope. The air exchange in the 

building was set based on the type of building windows, and it 

was assumed as  0,5 h-1 during the heating period. 

TABLE I 

BUILDING ENVELOPE 

Envelope 
Area, 

m2 

Heat transfer 

coefficient, 

W/m2K 

HT (UA), 

W/K 
MWh/year 

External walls 129.13 1.48 191.1 16.76 

Roof 80.12 1.00 80.12 7.03 

Windows 16.20 2.80 45.36 3.98 

Floor to the 

bottom 80.12 0.80 64.09 5.62 

Total   380.75 33.39 

The calculated energy consumption for space heating that 

includes heat conduction losses, heat losses through 

ventilation and internal and solar heat gains for this building 

on Maskavas iela 8 is 672 kWh/m2 per year (37.93 MWh per 

year). This is very large energy consumption for space heating 

compared to the average building in Latvia which is 150 – 180 

kWh/m2. However the building at Maskavas 8 cannot be 

compared to an average building because the heated area of 

this building is only 56,3 m2, which is far less than an average 

building. The smaller the building, the bigger the specific 

energy consumption because the specific area of the building 

envelope is bigger for smaller buildings. The height of this 

building is also bigger than the average building. All these 

factors lead to very large space heating consumption. 

III. MEASUREMENTS OF HEAT FLUX IN WALLS 

During the measurements heat flux in brick walls was 

measured and heat transfer coefficient was calculated. Before 

the installation of heat flow density measuring equipment, 

measurement sites were surveyed with the help of a 

thermocamera, to make sure that the measurement point does 

not contain thermal damage, which could reduce the accuracy 

of measurement.  

Heat flux measurements were done in two places at the 

same time. All measurements of heat flux and calculations for 

determining heat transfer coefficient of the walls were done 

according to ISO standard 9869:1994 “Thermal insulation. 
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Building elements. In-situ measurement of thermal resistance 

and thermal transmittance” [9]. 

Measurements have 10 minute time step. Figure 4 shows 

more than 11 days of measurements. During the measurements 

the building was heated with two 2 kW electrical heaters that 

were put to operate all the time with a constant heat output (4 

kW). 

 

Fig.3. Heat flux measurements at Maskavas 8 

 

Figure 4 displays instantaneous heat transfer coefficients of 

the walls of  Maskavas iela 8. These measurement data, 

together with outdoor and indoor air temperature data, were 

used to determine heat transfer coefficient of the walls. 

 

Fig. 4. Instantaneous heat transfer coefficients of the walls of Maskavas 8 

 

As can be seen from the figure, the measured heat fluxes 

were not the same but different. This means that heat transfer 

through the outer walls is the same in the entire façade. The 

changes in heat transfer throughout the wall lead to believe 

that different parts of the walls have suffered different damage 

from water, ice thawing, air pollution. This also is supported 

by visual inspection of the building from outside what was 

examined above in this paper. 

Measured heat transfer coefficient was in the range from 1.3 

to 1.6 W/m2K. The average heat transfer coefficient was 

calculated to be 1.48 W/m2K. Measured heat transfer 

coefficient of outer walls is higher than the calculated heat 

transfer coefficient for 51 cm thick silicate brick wall. 

A. Measurement of moisture content 

Nondestructive moisture content measurements were made 

by the dielectric moisture indicators Trotec 600 and 650. 

Using these devices moisture content in the wall can be 

determined qualitatively in a scale from 0 to 200. If the 

measured moisture is less than 40, the building material is dry, 

if between 40-80 - humid, and if more than 80 sections - wet. 

Measurements were made on the interior walls of Maskavas 

iela 8 in six different locations. Measurement data are 

collected in Table II. 

TABLE II 

NONDESTRUCTIVE MOISTURE MEASUREMENTS AT MASKAVAS IELA 

 5 cm depth 30 cm depth 

1. 57,5 35 

2. 61,6 45 

3. 64,3 50,9 

4. 107 30,3 

5. 139,4 37,6 

6. 141,3 40,5 

 

Measurements showed that the moisture in the wall has 

penetrated in the shallow depths (up to 5 cm). The deeper 

layers of the wall are dry. This correlates with our research 

done by modeling moisture content of brick walls for similar 

building in Riga at Kronvalda blvd 1 (see Fig.5). 

 

 

Fig. 5. Moisture content modeling for brick wall that is insulated from inside 

with rock wool 

 

Moisture content modeling of a similar building was done 

with software WUFI, which is used worldwide for modeling 

moisture penetration in building envelope. In Figure 5 it can 

be seen that relative humidity and water content of the wall 

throughout the year varies a lot on  both the inner and other 

surfaces of the wall, but in the middle part --  humidity and 

moisture content practically does not change and is constant. 

Moisture can penetrate walls only if walls have cracks, brick 

deterioration or other damage that can be seen with the naked 

eye. 

Moisture content measurements with destructive method of 

walls in the six places, where nondestructive measurements 

were done, were also made. Destructive methods are more 

precise than nondestructive methods. In this case it was 

chosen to drill holes in the walls and measure moisture content 

by weighing wet and dry brick dust. Brick dust was dried in a 
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drying oven until there was no change in the mass of the 

sample. 

Unfortunately these measurements just showed that this 

method cannot be used for determining moisture content in 

bricks due to the heating up of the drill during drilling. The 

temperature of the drill during drilling exceeds 150 oC. This is 

enough to remove part of the moisture of the brick even before 

drying the brick dust in the oven. There is a need for creating 

new techniques for determining and quantifying the moisture 

content of bricks in building walls. 

 

 

Fig. 6. Drilling and collecting of brick dust and the drying oven used for 

drying brick dust 

B. Determination of water-soluble salts 

To determine water-soluble salts, a qualitative test method 

based on the methods developed in „A laboratory manual for 

architectural conservators” by International Centre for the 

Study of the Preservation and Restoration of Cultural Property 

(ICCROM) was used. Small pieces of bricks were taken, 

crushed and immersed in water and tested with indicator paper 

(see Figure 7). A quantitative analysis of sulfate was carried 

out using the „determination of barium in a form of barium 

sulfate" methods. 

 

 

Fig.7. Qualitative water-soluble salt test method 

 

It was determined that the sample contains 2,5 mg/l NO3¯ 

and minimal amount of SO4
2¯ that can be caused by acid rains, 

sulfates may also form in brick burning process. 

IV. ENERGY EFFICIENCY MEASURES 

Energy efficiency measures in the historical building at 

Maskavas iela 8 present different possibilities for 

implementation of renovation by use of different insulation 

materials for exterior walls applied from inside. 

Insulating materials, which are suitable for exterior wall 

insulation from the inside suggested in Table III. 

Selection of insulation materials depends on two main 

criteria stated for energy efficiency improvement project: 

 Level of energy saved. Calculations show that the best 

results for reduction of heat consumption could be reached 

by use of vacuum insulation panels - 285 kWh/m2year.  

 Reduction of inside area. Calculations show that the best 

results to reach minimum reduction of inside area by 

installation of inside insulation for reduction of heat 

consumption could be reached by use of aerogel 

insulation – thickness only 0,04 m.  

Since this is a pilot project, which aims at showcasing 

energy efficiency technologies and the potential of energy 

efficiency in historical buildings, it was decided not to use one 

but many insulation materials for wall insulation. It was 

decided that aerogel, Vacuum insulation panels (VIP) and PIR 

(polyisocyanurate) insulation will be used for insulating walls 

of the building. All walls will be insulated from the inside. 

There will be 3 organic glass “frames” on the walls, which 

will show the insulation materials used. 

Besides wall insulation from the inside, there are many 

energy efficiency measures that are going to be implemented 

in this building which include: 

 Wall insulation from inside by using 50 mm aerogel, 

100 mm PIR insulation or 50 mmVIP; 

 Roof insulation with 300 mm PIR; 

 Ground floor insulation with 200 mm PIR; 

 Triple glazing with integrated shading (U=0,82 W/m2K) 

 Lighting system will have LED luminaries; 

 Daylight using system Parans with optical fibers, where 

sunlight is transferred via optical fiber to rooms; 

 Self-cleaning façade paint Lotusan for easier maintenance 

of the building; 

 Heat pump for space heating; 

 Mechanical ventilation with heat recovery. 

V. RESULTS AND CONCLUSIONS 

The estimated existing energy consumption for space 

heating of the building is 37.93 MWh per year, or 672 

kWh/m2 per year. Measured heat transfer coefficient for bricks 

is different from the calculated values, which is based on the 

element structure and obtained using ISO 6946-1. The 

calculated heat transfer coefficient is lower (1.32 W/m2K) than 

measured (1.48 W/m2K). Moisture and freeze - thaw cycles 

have done considerable damage to external wall structures of 

the Maskavas iela 8 building. The main cause of damage is 

poor technical condition of roof gutters. While the main 

reasons for masonry cracking are three: intense traffic and 

transport, poor foundations and groundwater fluctuations. The 

brick sample, which was taken from the building at Maskavas 

8 showed minimum concentrations of nitrate and sulfate salt 

content. The building needs strengthening of wall 

constructions in places where cracks, loose joints and shifted 

bricks have developed. It is necessary to strengthen the 

window boxes, check the moisture barrier and prevent flaking 

of the joints. 
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TABLE III 

COMPARISON OF INSULATION MATERIALS 

Insulation material 

Thermal 

conductivity, λ 

 W/(mK) 

Insulation 

thickness, m 

The new 

 U-value 

W/(m2·K) 

Savings of 

U-value  

W/(m2·K) 

Reduction of heat 

consumption, 

MWh/year 

Reduction of heat 

consumption, 

kWh/m2 year 

Eco wool (loose cellulose fiber) 0,037 0,15 0,21 1,27 14,37 255,16 

Flax wool 0,033 0,1 0,26 1,21 13,7 243,41 

Hemp wool 0,055 0,1 0,39 1,08 12,22 217,03 

Thermo wool by Cosmo project 

inc. 
0,021 0,1 0,18 1,3 14,68 260,7 

Aero gel mat 0,013 0,04 0,26 1,11 12,53 222,51 

Vacuum insulation panels 0,004 0,06 0,06 1,42 16,07 284,86 

 
Selection of insulation materials depend on two main 

criteria stated for energy efficiency improvement project: 

 Level of energy saved; 

 Reduction of inside area. 

It was calculated that after energy efficiency measures, the 

building’s space heating energy consumption will decrease by 

80%, which will lead to space heating energy consumption 

around 130 kWh/m2. 

 

 

Fig. 8. Visualization of the building after renovation. Outer façade has not 

changed but energy consumption for heating is decreased by 80%. 

 

Energy savings by each energy efficiency measure are 

shown in Figure 9. 

 

 

Fig.9. Energy savings by each energy efficiency measure 

As seen from Figure 9, the main energy savings are 

predicted from wall insulation. Energy savings from other 

energy efficiency measures are evenly distributed. 

 

 

 

Detailed measurements will be done after energy efficiency 

measures are implemented. These measurements will show the 

real energy savings and if there are any ill effects on the 

structures of this historical building after such drastic energy 

efficiency measures. 

The results of this research can be used for similar buildings 

and for historic buildings overall. The results of this research 

show that high energy efficiency level can be reached in 

historic buildings without affecting the appearance of these 

buildings. 

After refurbishment, it is planned that half of the building 

will serve as a public toilet (prior to renovations, the whole 

building was a public toilet) and the other half -- an 

information center about Spīķeri complex. It will be possible 

to visit this building to see the implemented innovative energy 

efficiency measures. 
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