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FOREWORD 
 

The International Scientific Conference “Environmental and Climate technologies 2013” includes topics 
covering all the sub-sectors of environmental science. The broad range of topics is an indication of the 
interesting and valuable scientific research currently being conduct in the sphere of environmental science.  
 
Scientific Conference is a place where science demonstrates its strength! We are happy to see that this year 
there were high level representatives from 13 different countries, including Korea, Indonesia, Turkey, 
Norway, Finland, Sweden, United Kingdom, Germany, Croatia etc. Conference is always gathering high 
number of participants from our neighbouring countries Lithuania and Estonia, and this year researchers 
from Tallinn University of Technology, Vilnius Gediminas Technical University and Lithuanian Institute of 
Geology and Geography presented their researches.  
 
The conference has been held annually within the Riga Technical University International Scientific 
conference by gathering researchers and collecting scientific articles in conference proceedings for the last 
5 years. The special topics of this year were development of low carbon technologies, sustainable usage of 
resources and geological storage of CO2. 
 
Environmental science in Latvia is advancing not only due to international cooperation at the European 
Union level, but also due to cooperation among universities and between faculties within university. This 
year participants from Latvia were presenting the researches that have been carried out in 5 different 
institutions- Riga Technical University, University of Latvia, Latvia University of Agriculture, Latvian 
Environment, Geology and Meteorology Centre. 
 
Environmental and climate technologies continue to be topical issues as they are the instruments through 
which sustainable development can be achieved.  This is an unchanging part of the agenda; day after day, 
year after year. Only the emphases, the solutions to problems and the opportunities for implementation 
change. 
 
We are grateful to the scientific committee, editorial board and reviewers for their contribution in 
improving the quality of the articles and the conference.  
 
Unfortunately it is not possible to convey trough this collection of scientific papers the positive atmosphere 
of the Conference or to illustrate the broad range of discussions that evolved as a result of engaging 
presentations within the panel discussion and throughout the Conference. 
 
All the above allows one to predict a lasting future for the International Scientific Conference 
“Environmental and Climate Technologies”. 

 
 
Dr. sc.ing., Marika Rošā 
Professor of the Institute of Energy Systems and Environment 
Riga Technical University 
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Temporal and Spatial Variation of Fog in Latvia 
Zanita Avotniece1, Māris Kļaviņš2, 1-2University of Latvia 

Abstract - Fog is a hazardous weather phenomenon, which can 
impact traffic (especially air traffic) and air quality. The aim of 
this study is to analyse fog climatology, the trends of long-term 
changes of fog events and factors affecting them in general, in 
Latvia, but especially at Riga airport. For a 50-year period of 
observations, the analysis of fog frequencies, long-term changes 
and atmospheric conditions favourable for the occurrence of fog 
events in Latvia has been studied. During the analysis, two inter-
annual maxima of fog frequency were found in spring and 
autumn, and the seasonal differences in the formation of fog were 
also approved by the satellite data on low cloud cover.  

Key word - fog, aviation, long-term trends, occurrence 
 

I. INTRODUCTION 

Fog is a hydrometeor consisting of a visible aggregate of 
minute water droplets or ice crystals, suspended in the 
atmosphere near the Earth's surface and reducing horizontal 
visibility below one kilometre [1]. Fog is a hazardous weather 
phenomenon worldwide, which can cause accidents and affect 
urban air quality, especially in combination with impacts of air 
pollutants [2, 3]. Traffic obstacles such as flight delays, 
automobile and marine accidents due to poor visibility can be 
considered as the most common negative effects of fog [4, 5]. 
At the same time, fog can be associated with critical 
conditions of air pollution (especially with particulate matter), 
because air pollutants can be trapped in the fog droplets and 
can reach high concentrations, causing the formation of smog 
or in some cases acid fog [6, 7]. On the other hand, fog as a 
source of humidity is also very important to the health of 
ecosystems and humans [8], and as fogs have an important 
influence on the radiation balance, the long-term changes in 
their frequency can play an important role in the accuracy of 
the climate model predictions [6]. 

Fog is a very local phenomenon, which can form as a result 
of advection, radiative cooling or a weather front moving over 
an area, and its frequency and spatial distribution are closely 
related to orography and proximity to the sea [7, 9-11]. The 
occurrence of fog is related to the atmospheric circulation and 
local geographical features of a site and thus fog climatology 
studies are of especial importance for airports, where local 
meteorological conditions (lowland and flatland territories) 
may support increased occurrence of fogs, but the impacts 
might have serious consequences. To assess the intensity of 
fog, the measure of horizontal visibility or the persistence of 
fog can be used [9, 12]. The most intense fogs in both 
persistence and density were observed in many sites of the 
industrialized world in the 1940s and 1950s, when some 
famous low visibility episodes in combination with heavy air 
pollution such as the Great Smog of London in 1952 occurred 
[13]. During that event visibility below 10 m lasted for nearly 
48 hours in Heathrow - such intense and persistent low 

visibility is almost unheard of today [7, 13]. Since then, due to 
the introduction of clean air legislation and a decrease in total 
suspended particulates, fog climatology has changed 
considerably and many sites have experienced a decrease in 
the fog frequency [6, 7, 14], also in Riga. However the 
presence of particulates in the air still remains high where 
presence of particulates in air remain high [15]. High quality 
observation data of various parameters describing fog are not 
available in many countries because of the sparse observation 
networks, and consequently it is practically not possible to 
carry out a reliable and spatially coherent analysis of fog 
distribution based only on the surface observation data [6]. 
However, satellite data can provide important information on 
the spatial distribution, dynamics and properties of fog [4]. 
Despite the importance of fog both from the applied research 
point of view, and in respect to a better understanding of 
extreme climate events, there have been no studies of fog 
meteorology carried out in the Baltic region. The aim of this 
study is to analyse fog climatology, the trends of long-term 
changes of fog events and factors affecting them in general, in 
Latvia, but especially at Riga airport, as well as to evaluate 
possibilities to use satellite data for the detection of fog. 

II. DATA SOURCES AND METHODS 

Daily observation data on fog events and precipitation 
amount were provided by 15 major meteorological 
observation stations in Latvia (Figure 1). Data obtained from 
the Latvian Environment, Geology and Meteorology Centre 
covered a 52-year period from 1960 to 2012. The methods of 
fog observations vary depending on the meteorological 
stations – in automatic observation stations, such as Riga 
airport, horizontal visibility is observed automatically by the 
use of sensors, while in other observation stations in Latvia 
observations of horizontal visibility and fog are performed 
visually by the meteorologist. Visual observations of 
horizontal visibility are performed by evaluating the distance 
between the observer and predefined existing objects such as 
trees, buildings, towers etc., or objects established specially 
for this purpose [16].  

In addition to the surface observations, satellite data were 
also used for the analysis. For the climatological 
characterisation of the occurrence of fog, satellite observations 
of low clouds for the period 2005-2011 provided by the 
Satellite Application Facility on Climate Monitoring (CM 
SAF) were used as an indicator of the most favourable sites 
for the formation of fog [17]. Monthly and seasonal mean 
amounts of low clouds were calculated from the satellite data 
with statistical programmes CDO (Climate Data Operators) 
and R, and compared with the surface observation data.  

doi: 10.7250/iscect.2013.001
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Fig. 1. Major meteorological observation stations in Latvia 

The visualization of the location of meteorological 
observation stations used in this study (Fig. 1) was performed 
by using Corel Draw, but the spatial distribution of fog in 
Latvia (Fig. 2) was visualised by using the FiSynop software 
with linear interpolation on a triangular grid.  

Trends in the annual number of days with fog were 
analysed by using the non–parametric Mann–Kendall test [18, 
19]. The Mann–Kendall test was applied separately to each 
variable at each site at a significance level of p0.01. The 
trend was considered as statistically significant if the test 
statistic was greater than 2 or less than -2. 

III. RESULTS AND DISCUSSION 

A. Fog climatology in Latvia 

Climate in Latvia is influenced by strong cyclonic activity 
over Latvia and location in the northwest of the Eurasian 
continent (continental climate impacts) and by its proximity to 
the Atlantic Ocean (maritime climate impacts). These variable 
conditions over the territory contribute to differences in the 
regimes of air temperature and humidity [20-22], and also to 
the spatial inhomogeneity in the occurrence of fog.  

 

 
 

Fig. 2. Annual mean number of days with fog in Latvia over the period 1960-
2012 

Fog can be classified by its formation in the processes of 
advection, radiative cooling or a mix of both processes [23], 
and each of these processes can trigger the formation of fog in 
Latvia throughout the year. Fog is a rather frequent weather 
phenomenon in Latvia, and it can be observed 19-59 days a 
year on average (Figure 2). The formation of fog is closely 
related to the local geographical features of a site, such as 
orography and slope exposure, proximity to the Baltic Sea and 

the Gulf of Riga, and the different meteorological processes 
favourable for the occurrence of fog; therefore, there are 
significant differences in the annual mean number of days 
with fog in Latvia. As a result, fog most commonly can be 
observed in the western parts of the highland areas of Latvia, 
while the lowest number of days with fog is observed in the 
eastern parts of highlands and in the coastal areas of the Gulf 
of Riga. Overall fog frequency is larger in the western part of 
the country. 

Figure 3 illustrates the long-term variability of fog in 
Latvia. The bold line represents the median of the annual 
number of days with fog, the upper and lower sides of the 
boxes are the upper and lower quartiles, the whiskers represent 
the greatest and lowest annual number of days with fog, but 
the dots represent outliers, which are more than 1.5 times 
greater or smaller than the quartiles. The range of the annual 
number of days with fog in Latvia varies from 0 days in 
Zoseni to 110 days in Aluksne, and also the annual variations 
within each station are considerable. For most of the stations, 
the data distribution is positively skewed, which means that 
there are more years with the annual number of fogs 
exceeding the long-term average than years with a smaller 
number of days with fog. Under the influence of the highly 
variable weather pattern in three observation stations of the 
western part of the country – Liepaja, Mersrags and Dobele - 
outliers of both minimum and maximum annual number of 
days with fog can be found. In general, the graph shows 
significant differences in the spatial and temporal distribution 
of the annual number of days with fog in Latvia.  

The inter-annual variability of fog (Table 1) shows 
significant differences in the months of the maximum 
occurrence of fog in coastal and inland observation stations. 
The coloured cells indicate 3 months with the greatest 
frequency of fogs in each observation station. In the inland 
stations the maximum of fog occurrence is characteristic for 
the second half of the year - beginning from August to 
December. During the autumn months the radiation fogs form 
more frequently, but during winter and spring advection fogs 
gradually become more frequent. Therefore in the coastal 
observation stations the maximum frequency of fog occurs in 
spring – during March, April and May, when warm advection 
from the west triggers the formation of adjective fogs. 

 

Fig. 3. Variations in the annual number of days with fog in Latvia over the 
period 1960-2012. 



Environmental and Climate Technologies 

________________________________________________________________________________________2013 /3 

7 

TABLE 1 

MONTHLY EAN NUMBER OF DAYS WITH FOG OVER THE PERIOD 1960-2012 

  January February March April May June July August September October November December 

Aluksne 4.9 4.6 4.7 4.2 2.4 1.2 2.5 4.0 5.5 7.3 9.2 7.0 

Daugavpils 1.5 2.0 2.4 1.8 2.0 1.3 1.9 3.3 4.3 4.5 3.1 2.6 

Dobele 4.2 3.4 4.1 2.9 1.7 1.1 1.6 2.8 4.5 5.3 4.3 4.8 

Kolka 2.7 3.3 5.4 5.9 4.6 2.1 1.7 1.9 1.9 2.3 2.6 2.0 

Liepaja 3.9 4.6 6.5 7.3 7.1 5.2 3.7 3.7 2.8 4.1 3.7 4.4 

Mersrags 2.3 2.4 3.6 4.5 3.4 1.8 2.8 3.6 3.2 3.2 3.2 2.3 

Priekuli 3.9 3.9 3.8 3.2 2.7 1.3 2.2 3.8 4.2 4.5 4.8 4.8 

Riga 3.3 3.3 3.8 3.0 2.3 1.4 2.3 3.0 3.5 4.2 5.0 4.4 

Rujiena 3.6 3.7 3.7 3.1 2.2 1.7 3.0 4.8 5.0 5.2 4.8 4.5 

Skriveri 5.2 4.5 4.5 3.1 2.4 2.2 3.5 6.2 4.8 7.3 7.1 6.8 

Skulte 1.7 2.3 3.0 2.7 2.5 0.9 0.7 1.3 1.3 1.8 2.0 1.6 

Stende 5.5 5.1 5.9 4.9 3.8 3.5 5.3 6.3 4.7 5.5 6.6 6.5 

Ventspils 3.7 3.6 5.8 6.8 6.2 4.6 3.4 2.9 2.3 3.0 3.3 3.3 

Zoseni 1.3 1.5 1.6 1.6 1.0 0.8 1.4 2.2 2.9 3.1 3.4 2.0 

 

The annual number of days with fog in Latvia has decreased 
significantly during the past 50 years (Figure 4). The most 
significant decrease in the frequency of fog is evident for the 
20 year period between the years 1980 and 2000 and could be 
associated with the rapid decrease in the industrial activities in 
the country, but in the past decade the frequency of fog has 
again increased slightly.  

In spite of the observed decrease in the frequency of fog in 
Latvia, it is still considered as one of the most dangerous 
meteorological phenomena negatively affecting transportation, 
especially air traffic, and causing flight delays and 
cancellations which lead to great financial loss.  

Especially low visibility (intensive fog) events have been 
observed under the conditions of increased atmospheric 
pressure (Figure 5), which indicates the great importance of 
radiation fogs in the area. Radiation fogs are common in the 
lowland area near Riga airport, because the wetlands and 
swamps located to the south of the airport provide extra 
moisture essential for the development and persistence of 
dense radiation fogs. 

 
Fig. 4. Time series in the annual number of days with fog in Latvia overall 
over the period 1960-2012 

 

Fig.  5. Atmospheric pressure during fog events at Riga airport over the period 
2010-2012. 

In-depth analysis of fog climatology at Riga airport 
indicates several major factors affecting fog occurrence 
(Figure 5 – 7), such as atmospheric pressure, air humidity and 
wind speed, as well as presence of atmospheric precipitation 
during fog events.  

The relations between humidity and wind speed on visibility 
during fog events have an opposite character – increase of 
wind speed supports the dissipation of fog, and the most 
intensive fog events happen at low wind speeds as such 
conditions deteriorate vertical mixing of air near the surface 
(Figure 6). Relative humidity is a well-known indicator used 
for the forecasting of fog, since fog most frequently forms in 
the conditions of relative humidity exceeding 90% [23], which 
is also approved by data from the Riga airport, since the 
increase of air humidity supports the increase of fog thickness.  
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Fig. 6. Relative humidity and mean wind speed during fog events at Riga 
airport over the period 2010-2012. 

 

Fig. 7. The frequency of dry days and days with precipitation during fog 
events at Riga airport over the period 2010-2012. 

The analysis of fog occurrence during days with 
precipitation can also be an indicator of the formation process. 
As radiation fog commonly occurs in the conditions of clear 
skies, usually there is no precipitation during days with 
radiation fog. However in cases of very dense radiation fog, 
very small amount of precipitation (up to 0.1-0.2 mm) can be 
caused by the fog itself. Advection fogs are usually associated 
with frontal systems, so such fogs are frequently accompanied 
by precipitation. Figure 7 illustrates the relation between 
patterns of formation of fogs during days with precipitation. At 
Riga airport most of the most intensive observed fogs have 
formed during days with no precipitation, which could be 
associated with the specific local factors of the observation 
station favourable for the development of radiation fogs. 
Nevertheless, advection fogs are also observed commonly at 
the airport, especially in the winter and spring seasons, since 
the inflow of warm and moist air over the snow-covered 
ground is favourable for the formation of fog. In some cases in 
winter and spring fog can be advected to the airport also from 
the ice-free areas of Gulf of Riga. It is characteristic for the 
radiation fogs to form in the second part of the night or early 
morning and dissipate soon after sunrise, however advection 
fogs can form any time of the day and may remain for a 
prolonged period of time, therefore advection fogs can be 
considered as a greater danger for the air traffic.  

B. Use of satellite data for identification of fog 

Nowadays satellites are considered as a powerful tool for 
the observations of fog, as satellite observations provide both 
wide spatial and temporal coverage which is essential for the 
detection and characteristics of such a variable phenomenon. 
In essence, fog is very similar to low stratus clouds, and it 
differs from low cloudiness only by its base being located near 
the ground [1]; therefore, for the climatic characterisation of 
fog occurrence, it is possible to compare the surface 
observations of fog to the low cloud observations from 
satellites provided by the CM SAF. If compared the surface 
observations of fog and the satellite observations of low clouds 
in the autumn season (Figure 8) over a six-year period, one can 
see similar features: the greatest amount of low clouds (up to 
47%) can be observed in the south and west regions of Latvia, 
while in the coastal areas the amount of low clouds is the 
smallest (38-44%). In the winter season, the low cloudiness in 
Latvia is smaller in general, and it does not exceed 44% 
(Figure 9). In winter, a more expressed formation of fog is 
evident over the valley of the river Daugava and especially 
over the west regions of Latvia, where it could be triggered by 
the influence of periodic thaws. 

 

 
Fig.  8. Mean amount of low clouds (%) in autumn (SON) over the period 
2005-2011. 

 

Fig.  9. Mean amount of low clouds (%) in winter (DJF) over the period 2005-
2011. 
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In spring, some differences in the low cloud and fog 
formation processes appear (Figure 10). In the western regions, 
where, under the influence of warm advection from the west, 
advection fogs form more frequently, the mean amount of low 
cloudiness is higher than in other parts of the country and 
reaches 40-42.5%.  But at the same time in the highland areas 
of Latvia, a gradual increase in the occurrence of radiation fogs 
begins. Also in summer (Figure 11) the low cloudiness is the 
greatest over the highland areas, where it reaches up to 40% of 
the total cloudiness due to the dominance of radiation fogs.  

 

 
Fig. 10. Mean amount of low clouds (%) in spring (MAM) over the period 
2005-2011. 

 
Fig. 11. Mean amount of low clouds (%) in summer (JJA) over the period 
2005-2011. 

Satellite information can be also efficiently used to evaluate 
development of fog conditions locally, for example at Riga 
airport on the 25th of October in 2011 when a wide area of 
dense fog approached Latvia from the south, and moved over 
the central regions of the country to the Gulf of Riga (Figure 
12). The south-east regions of Latvia were covered with 
clouds, but in the central regions at night the skies were 
clearing and a dense radiation fog formed. In the conditions of 
a strong low-level inversion the fog remained throughout the 
whole day, slowly moved to the north and in the evening 
covered the Gulf of Riga. During the fog in the morning in 
Riga the visibility was reduced to 100 m, but in the middle of 

the day in Dobele to 70 m, besides in Dobele visibility below 
500 m remained for 28 hours. In this case satellite data were an 
essential source of information on the spatial coverage, 
movement and characteristics of fog, providing much wider 
view on the process than the surface observation network.  

 

 
Fig.  12. NOAA satellite image (channel combination 2-1-4, fog and low 
stratus appears as light yellowish area) at 11:10 UTC 25.10.2011.  

In spite of the observed decrease in the frequency of fog in 
Latvia, it is still considered as one of the most dangerous 
meteorological phenomena negatively affecting transportation, 
especially air traffic, and causing flight delays and 
cancellations which lead to great financial loss. Therefore, in 
the conditions of ever increasing demand for air transport, it is 
essential to be aware of the general climatic characteristics of 
fog occurrence and synoptic patterns favourable for their 
development. 

IV. CONCLUSIONS 

Fog is a frequent weather phenomenon in Latvia, which is 
characterised by a significant spatial and temporal 
inhomogeneity in its occurrence. Since the middle of the past 
century, the annual mean number of days with fog has 
decreased significantly but, in spite of the observed decrease, 
fog is still one of the most dangerous and harmful 
meteorological phenomena affecting aviation in Latvia. The 
analysis of fog formation in the area of the Riga airport 
revealed that the majority of fog events observed can be 
classified as radiation fogs, which due to their short persistence 
are not of as great danger to the aviation traffic as advection 
fogs. Since advection fogs play an important role in the air 
traffic organization, timely information provided by satellites 
is an essential tool for the forecasting of movement and 
persistence of the fog and low-cloud areas. 
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Current Problems of Water Supply and Usage in 
Central Asia, Tian Shan Basin 
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Abstract – The paper focuses on analysis of Central Asian hydro-
energetic system and water usage in Tian Shan region. Tian Shan 
system is an important water resource in Central Asia: river waters 
are intensely taken for hydropower energy, urban systems, 
irrigation. But geopolitics in Tian Shan is difficult: it crosses five 
densely populated countries. The problem consists in water 
delivery between countries located in the highlands with excellent 
water supply (Tajikistan and Kyrgyzstan) and those located in 
valleys with water shortage (Kazakhstan and Uzbekistan). The 
water use causes debates among these countries. Besides, global 
warming causes water deficit, which adds difficulties to hydro-
energetics. A multidisciplinary analysis was performed in the 
article: water supply in Tian Shan, spatial distribution of hydro-
energetic resources and effects of climate impact were analyzed. 

 
Keywords – hydro energy, renewable resources, Tan Shan, water 

usage. 
 

I. INTRODUCTION 

The paper focuses on environmental analysis of Central Asian 
energetic system and usage of waters from Tian Shan glaciers. 
The Tian Shan is a Central Asian mountain system extending to 
2,500 km breadthwise. It is one of the major water supplies  in 
Central Asia, since it contains 7,590 glaciers with an overall 
area of 13,271.45 km². Many rivers originate in these glaciers 
and snowfields and feed major river streams. Intensely taken for 
hydropower energy production, sustainable functioning of urban 
systems, agricultural activities, irrigation and other human 
needs, river waters are highly important hydrological resource 
for local population. At the same time,  Tian Shan has a critical 
geopolitical position because it crosses five densely populated 
Central Asian countries. Therefore, actual problem of water 
usage system in the region consists of water delivery pattern.   

Tian Shan region can be divided on territories located in the 
highlands of plateaux with rich hydrological resources and 
excellent water supply, and region with water shortage, located 
in the lowlands and valleys. For example, Tajikistan and 
Kyrgyzstan control basins of Syrdaria and Amudaria rivers, 
while Kazakhstan and Uzbekistan are dependent on water 
delivery. Nowadays, the problem of water supply is a subject of 
discussions and conflicts among neighboring countries in Tian 
Shan region.   

Apart from geographic location, there are impacts of 
environmental and climate change on water resources. Global  
warming seriously affects Tian Shan hydrological system and 
causes glacier reduction, decrease of snow coverage in high 
mountains, and deficit of waters. Multiplied by geopolitical 
questions, this leads to difficulties in water supply and usage. A 
multidisciplinary analysis was performed in the current work: 
geopolitical problems of water supply in Tian Shan caused by 

regional distribution of hydropower resources, and impact of 
climate change on the hydrological settings within study area. 

II. GEOGRAPHIC SETTINGS OF TIAN SHAN REGION 

A. Geographic location of the study area 

The Tian Shan is a Central Asian complex mountain system 
extending in a westward direction (Fig.1). Geographically, Tian 
Shan straddles five countries with population mostly supporting 
traditional style of life which includes livestock husbandry, 
intense grazing, farming and other agricultural activities. Tian 
Shan is the northernmost existing montane range with elevations 
of peaks reaching higher than 7.000 m. Environmental settings 
of Tian Shan are influenced by a combination of Northern 
(boreal) and Asian climatic factors. Therefore, Tian Shan has a 
unique and diverse mountainous environment, with more than 
4000 wild species, many of which are endemic, rare and relict. 

 

Fig. 1. Study region: Tian Shan mountains, Central Asia. Source: Britannica 
Encyclopedia. 

The Tian Shan (sometimes referred as Tien Shan), or Celestial 
Mountains, is one of the largest high mountain systems in 
continental climate of Central Asia, covering 800 000 km². 
Geographically, Tian Shan extends 2,500 km westwards across 
Central Asia between 39º-46º N and 69º-95º E. The Tian Shan 
ranges compose large, isolated montane system, surrounded by 
the Tarim desert basin of north-western China, Lake Issyk Kul, 
and north-western desert regions in Uzbekistan and Kazakhstan. 
The altitude belt of the mountain range lies between the 2,800 
and 7,400 m with most major peaks located at 4000-6000 m, 
and the highest altitude reaching 7,349 m [18]. 

B. Environment of Tian Shan: current issues  

Since the mid-1970s the observation of the remotely located 
areas of the Earth has been facilitated due to the development of 
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the satellite industry, which provided remote sensing data for 
glacier monitoring. Systematic monitoring of the mountainous 
areas enabled to detect rapid changes in the glacier coverage of 
Tian Shan since past four decades.  According to the numerous 
reports [2], [3], [6], [8], [10], there are changes in the current 
glaciation in Tian Shan mountains, which causes changes in 
hydro-energetic resource supply. There are twofold reasons for 
the environmental and hydrological changes in this area, caused 
by climate reasons and by the anthropogenic factors. These 
factors are discussed below.  

Impact of climate on hydro resources: The main reason for 
the deglaciation is overall increase of summer temperatures and 
precipitation, which are the consequences of climate change. 
Thus, the average rise in air temperature in Tian Shan mountains 
is 0.01ºC yr over the range, and the precipitation in the Tien 
Shan increased to 1.2 mm yr since the 1950s [1]. Due to the 
geographical diversity of Tian Shan, there are certain variations 
in the temporal changes of environmental parameter, such as 
surface air temperature, precipitation, runoff, glacier mass, and 
snow thickness. Hence, the precipitation increase is lesser at 
high altitudes at above 2000. The low altitudes in northern and 
western regions are mostly affected by climate change 
comparing to inner and southern regions [1].  Recently 
increased in air temperatures in Tian Shan reinforced thawing of 
the glaciers, the period and intensity of melt.  

However, due to the strong impact of the geographic location 
and local climate factors, glaciers in different regions of Tian 
Shan melt with different rates. The most intensive glacier retreat 
is detected on the northern ranges of Tian Shan: -361km², which 
constitutes 14,3% [18], while the southern areas are the least 
affected. Also high rates in melt are detected in the central and 
inner areas: 287 and 244 km² with 10% and 5% respectively 
[18].  Climate change has also affected hydrological systems of 
semi-desert area of Aral Sea, which in turn are affecting 
seasonal water availability for irrigation in the Aral Sea. Thus, it 
is reported [15] that recently the summer floods, which is 
necessary for irrigation in Uzbekistan is reduced in the last 
decades. Water shortage necessarily affecting hydro-economic 
sectors of the countries located in the disaster area, such as 
Uzbekistan and Kazakhstan. 

Impact of anthropogenic factors: Possible anthropogenic 
threats, that can induce environmental changes, include 
overgrazing at higher elevations by the local people, and local 
deforestation, which may lead to the partial decrease in 
biodiversity of the Tian Shan. Finally, the work of forest 
management and guarding has been weakened in the last years. 
As a result of cattle overgrazing, fires, deforestation, terracing of 
slopes, assignment of the grounds under construction of various 
objects and other factors, there is an essential reduction of an 
area of distribution of wood and tangled vegetation.  

Due to the environmental threats and increased anthropogenic 
pressure on such fragile environment, the environment of Tian 
Shan will degrade: for example, the mountain forest area would 
decrease by 10-20% with 50 years. Another problem is 
connected to Aral Sea: due to the salinization and drying of the 
Aral Sea in Central Asia, which is a part of Tian Shan basin, the 
large areas of saline soil have now formed. Additionally, 

monsoon winds carry over towards south direction of Tajikistan 
and Kyrgyzstan, naturally contribute to the intensive melting of 
glaciers. It is demonstrated [5] that the Aral Sea basin has 
suffered an enormous shortage of water resources during the last 
decades. The consequences of drying lakes and rivers have 
extremely negative effects on the society, economic sector and 
hydro energy supply. The human-controlled hydrological regime 
of the major tributary rivers, Amu Daria and Syr Daria, flowing 
into Aral Sea, is a major factor affecting ecosystem 
sustainability, which are especially sensitive in the conditions of 
the semi-arid climate of Aral Sea Basin [17].  

III. HYDRO-ENERGETIC RESOURCES OF TIAN SHAN 

A. Glaciation of Tian Shan 

The general hydrologic settings and distribution of glaciers in 
Tian Shan are largely influenced by the climatic factors and 
geographic location in Central Asia. The annual air temperatures 
affect precipitation regime of Tian Shan: runoff, snow and ice 
coverage. Totally, there are 7,590 glaciers with an overall area of 
13,271.45 km² detected in Tian Shan [18], which makes it one 
of the major water supply in Central Asia. The most prevalent 
glacier type is large valley glacier, which takes 82% of all 
glacier areas [18]. Glaciers often occur along the crests of the 
mountain ranges. The largest glaciers are concentrated in the 
central, inner part of Tian Shan. Since the Late Pleistocene 
Maximum, there are fluctuations in Tian Shan glaciation with 
the maximum level corresponding to the Issyk-Kul lake 
transgression [8]. The changes in the glaciation regime are still 
presented, which includes a general trend of warming, but also 
some advances of small glaciers occurred recurrently, as proved 
by moraine sediments [8]. 

B. Hydrology and climate of Tian Shan 

The rivers in Tian Shan have typically mountainous character, 
since there is a significant difference in elevations between the 
mountain ridges and the plains at their base, river streams, 
usually plunge down the mountain slopes through deep and 
narrow gorges (Fig.2). After they flow out onto the plains, they 
form vast fan-shaped deposits of silt and mud. Climatic 
conditions of Tian Shan directly affect hydro-energetic 
resources and influence formation of glaciers and snowfields. In 
general, Tian Shan has typical continental climate, which is 
caused by Central Asian location.  However, there are some 
local climatic differences formed in various geographic 
conditions: the most extremely cold and dry climate is in inner 
parts of mountains on the high plateaux, while northern and 
western slopes of Tien-Shan are characterized by more 
temperate climate. Thus, the mean summer temperature is 3.7ºC 
at the altitude of the Equilibrium Line Altitude (ELA) in the 
western regions and -8.1ºC in the east; the annual precipitation 
is 1500-2000 mm in the west and 200–400 mm in the east, 
respectively. [8]. The northern slopes of Tian Shan, such as 
Kyrgyz Alatau and Zailinsky Alatau, have major influence of 
cyclonic activity. Precipitation in Tian Shan reaches its maximal 
level in spring and summer seasons, which coincides with the 



Environmental and Climate Technologies 

_____________________________________________________________________________________________________2013 /3 

13 
 

ice and snow melt. In winter the Siberian anticyclone prevents 
much precipitation in this area [3].  
 

Fig. 2. Typical mountain river in Tian Shan. Source: ecosystema.ru 

 
In general, the precipitation also increases with altitude. 

According to the moisture conditions, i.e. precipitation and 
evaporation, the alpine zone in Tian Shan ranges is similar to the 
zonal ecosystems of other mountain vegetation alpine zones in 
boreal and subboreal palearctic regions. 

IV. WATER USAGE AND SUPPLY IN TIAN SHAN REGION 

Geopolitically, Tian Shan crosses borders of several Central 
Asian countries and western China. Approximately half of the 
Tian Shan mountains, the Eastern region from 80º E (eastwards 
from Issyk Kul Lake), is located in China, Xinjiang Uyghur 
Autonomous Region. Western territories are situated in 
Kyrgyzstan (including Issyk Kul lake depression), and northern 
ranges of Tian Shan are located in Kazakhstan. Some small 
ranges of the Tian Shan spread to Uzbekistan and Tajikistan. 

A. Hydro-energetic system in the region 

Hydropower resources are a major factor directly affecting 
and influencing sustainable development of the political and 
economic systems in Central Asia. The main water resources in 
Central Asia are located in Tajikistan and Kyrgyzstan, which 
control major river basins. It is caused by the upper location on 
Tian Shan plateau of both of these countries. For example, on 
the territory of Tajikistan 64 km³ of water flow of the Aral Sea 
basin is formed, which is ca 60% of the total flow towards Aral 
Sea basin [19]. The particularity of Tajikistan consists in hydro-
energetic sector as the most powerful and influencing the overall 
economy of the country: 95% from all energetic sectors is taken 
by hydro-energy, while usually this part is not exceeding 10-20 
% in other countries [14]. At the same time, only about 10% is 
used for internal purposes within the republic from the total 

country runoff. The rest of the runoff goes downwards from the 
country where it is used e.g. for irrigation. In Kazakhstan, on the 
contrary, it is demonstrated [4] that electricity demand in the 
country is high for all sectors: the industrial, service, and 
residential sectors, but the country depends on water resources. 
As for Kyrgyzstan, this country is rich in hydro energetic 
resources, and generates ca 90% of its electricity from large-
scale hydroelectric power stations, located along the cascade of 
the Naryn River. However, after the fall of the USSR, water 
resources in Kyrgyzstan have declined due to climate change 
issues, ineffective management and cross-border water claims 
among Central Asian states [13].   

B. Problem of water supply and usage: regional conflicts and 
decisions 

The reason of the hydro-energetic problems and water usage 
in Central Asia lies in the fact that water resources in Central 
Asia are unevenly distributed: Central Asian region is clearly 
divided into water-rich countries (Tajikistan and Kyrgyzstan) 
and those dependent on them (Uzbekistan, Turkmenistan and 
Kazakhstan). Kyrgyzstan majorly controls Syr Darya River 
basin, and Tajikistan - the Amu Darya river (Table I). The Amu 
Darya is the largest, longest and the most important river in 
Central Asia. The river is 2400 km, basin area is over 500 
thousands km². Syr Darya has its most drainage areas in 
Kyrgyzstan, where it loses water for irrigation in its lower 
reaches. 

With the total annual hydropower resources in the country of 
ca 600 billion kWh, Tajikistan is the third largest in the world 
and second in the new independent (post-Soviet) countries after 
Russia. For example, the Nurek hydroelectric power station 
(capacity of 3 million kWh) controls about 40% of water 
resources needed by Uzbekistan and Turkmenistan [20]. 
Additionally, Tajikistan has significant fresh water reserves 
mostly stored in glaciers (over 60% of Central Asia). 

TABLE I 

FORMATION OF SYR DARYA AND AMU DARIA RIVERS IN CENTRAL ASIAN 

REPUBLICS [12] 

Basin 
drainage 

Uzbekistan Kyrgyzstan Kazakhstan Tajikistan  Iran 

Syr Daria 15.2% 75.2% 6.9% 2.7% 0% 

Amu 
Daria 

13.9% 0% 0% 74% 
8.5% 

TABLE II 

AREA UNDER IRRIGATION IN ARAL SEA BASIN, THOUSANDS OF HA AND % [22] 

Year Kazakhstan Kyrgyzstan Tajikistan Turkmenistan  Uzbekistan Total 

1990 782 10.5%) 410 (5.6%) 714 (9.4%) 1339 (18.0%) 4222 (56.5%) 7507 (100%) 

1995 786 (9.8%) 416 (5.2%) 719 (9.1%) 1736 (21.7%) 4298 (54.2%) 7955 (100%) 

2000 786 (10.0%) 415 (6.0%) 719 (9.0%) 1714 (22.0%) 4259 (53.0%) 8101 (100%) 
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TABLE III 

STRUCTURE OF ENERGY SOURCES IN CENTRAL ASIA [22] 

Country Hydro energy Gas Oil  Coal Total 

Tajikistan 96% 2% 1% 1% 100% 
Kyrgyzstan 82% 2% 5% 11% 100% 
Kazakhstan 1% 16% 50% 33% 100% 
Uzbekistan 1% 84% 13% 2% 100% 

Turkmenistan 0% 83% 17% 0% 100% 

Total 2% 48% 33% 17% 100% 

      

The uneven distribution of water resources in Central Asia 
evidently leads to regional and local conflicts of interest among 
key water providers (Tajikistan and Kyrgyzstan) and its major 
customers (Uzbekistan, Kazakhstan and Turkmenistan). In 
particular, Tajikistan and Kyrgyzstan are interested to generate 
hydro power electricity both to meet their own needs and for 
export to third countries. They are opposed by Kazakhstan, 
Turkmenistan and Uzbekistan, which insist on the primarily 
irrigation water usage, for old hydro power plants built in Soviet 
times, as well as for the new ones planned [21]. 

With the total annual hydropower resources in the country of 
ca 600 billion kWh, Tajikistan is the third largest in the world 
and second in the new independent (post-Soviet) countries after 
Russia. For example, the Nurek hydroelectric power station 
(capacity of 3 million kWh) controls about 40% of water 
resources needed by Uzbekistan and Turkmenistan [20]. 
Additionally, Tajikistan has significant fresh water reserves 
mostly stored in glaciers (over 60% of Central Asia).  

The main point of claims from Kyrgyzstan and Tajikistan to 
the neighboring countries consists in financial expenses that 
they bear due to hydro plant exploitation. They require that 
Uzbekistan, Kazakhstan and Turkmenistan increase their 
financial contribution for Kyrgyzstan and Tajikistan. The main 
demand is to contribute equally to the expenses of hydroelectric 
power production. Kyrgyzstan and Uzbekistan debate over the 
years about prices to maintain hydro-technical infrastructure. 
Kyrgyzstan considers water as a commercial product and wants 
to introduce a monetary charge for water in the future 
(nowadays, Kyrgyzstan receives some compensation for excess 
in generated electricity from Uzbekistan and Kazakhstan). But 
the problem in the region is that price elasticity in the region is 
very low [4], which means that it is with difficulties that 
countries perform a dialog about market relationships.  

In view of this, a paid water usage on the commercial basis is 
the worst idea to be introduced in Central Asia. Possibly it can 
cause high risks of social and political rebels and revolutions in 
the countries within the region. The official purpose of 
Kyrgyzstan and Tajikistan is to receive reasonable market 
compensation from other central Asian countries for services 
that they provide with water supply [12]. Though both these 
countries are trying to solve current financial problems by 
increasing state wealth, but current strategy should be 
adjustment into a regional scenario of sustainable geopolitical 
development with all countries as beneficiaries and no those one 
in disadvantage position. Another problem within the region 
consists of active water usage for agricultural needs, which is in 

general increasing (Table II). An additional factor of hydro 
energetic difficulties in the region is caused by an artificially 
accelerated development of hydro power energetics in Tajikistan 
compared to actual water usage, since the country does not have 
enough oil and gas reserves. Thus, as planned on the 
governmental level, by 2010, Tajikistan plans to become an 
energy independent state and start electricity export to Iran, 
Pakistan and India. For instance, in Tajikistan it is planned to 
construct 14 hydroelectric power plants on the river Panj, a 
major tributary of the Amu Darya, and on river Rogun (Fig.3). 

 

 

Fig. 3. The Rogun dam for planned hydro power plants of Vakhsh River (under 

construction), Tajikistan [23]  

 
This project is interesting to investors from the United 

States,Pakistan and China. Kyrgyzstan is also seeking foreign 
investors for the construction of the cascade of Kambarata hydro 
power plants on Syr Darya. This situation caused negative 
reaction of neighbor countries, because construction of new 
hydropower plants will involve serious changes in water 
delivery: huge dams will be constructed and large territories will 
be filled out by the water (Fig.3), which will cause water 
shortage in the surrounding territories. Evidently, the non-
diplomatic, one-sided energy policy of energy-rich countries can 
lead to difficulties in geopolitical relationships, especially with 
strategic neighboring countries.  

The problem of water usage and delivery is a constant and 
important topic in the energy debates in Central Asia. 
Uzbekistan and Turkmenistan are countries with predominant 
natural gas economy, rich in hydrocarbon resources [16]. 
Kazakhstan has the most significant oil resources and natural 
gas reserves, and is expected to become one of the world’s top 
10 oil producers within the next decade [11]. Therefore, these 
hydrocarbon rich countries threaten to make pressure on 
Tajikistan and Kyrgyzstan, using resources of natural gas that 
they almost totally control (Table III).   

Lack of water in the densely populated Ferghana valley in 
Uzbekistan is a serious potential trigger of social revolution, 
which may arise in case of deficit of water. In such situation 
special attention should be paid to oil and natural gas resources 
stored in the Caspian Sea basin, which is a potential major 
reservoir for energy [7].  

However, consensus in the energy usage should be strongly 
observed for all parties, since the supply in oil, gas, hydro and 
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coal resources are distributed highly unevenly in the studied 
region (Table III). Local Uzbek-Kyrgyz conflicts concerning 
water supply happen from time to time in Ferghana valley 
(Uzbekistan). The main claim of Uzbekistan is to provide 
necessary amount of water for Uzbek agriculture. However, the 
prices for the water resources are often a point of disagreement. 
The debates about new hydro plants construction arise, because 
it will negatively affect sensitive environment and a man-nature 
balance within the region. To reduce water supply conflicts, 
water management should be based on effective operating 
existing hydro power plants rather than construction of new 
water supply systems [9]. The effective management options 
and decisions for economic values should be taken in an 
integrated manner, so that problem of water scarcity can be 
smoothly resolved. 

V. CONCLUSION AND DISCUSSION 

The Central Asian region is one of the most complex regions 
of the world, due to the difficult geopolitical situation, complex 
boundaries pattern and concentration of the densely populated 
countries with a huge demand for water resources. At the same 
time, after the fall of the USSR the financial situation of Central 
Asian countries became difficult. Lack of development 
investments lead to an outdated style of economy and agrarian 
system (e.g. ineffective, water-consuming irrigation). The 
situation is aggravated by natural factors (fundamental climate 
issues and glacier melt).   

Since the independence of Central Asian countries after the 
disintegration of the USSR, there were serious tensions on the 
point of sharing water resources. The main reason for these 
conflicts is caused by uneven distribution of the resources and 
geospatial location of the involved countries: Uzbekistan, 
Turkmenistan and Kazakhstan, located in the lower reaches of 
Tian Shan region, have lack of the resources though demand 
huge amount of water for various needs, while Tajikistan and 
Kyrgyzstan, typically mountain countries, are rich in water 
resources and control almost all hydro-energetic resources, 
supply and delivery within the region. The paradox in this 
situation consists in the overall availability of the water 
resources in the Tian Shan region. In general, there are more 
than enough water resources in Central Asia.  

Many of the problems are caused by ineffective resource 
management. Thus, excessive loss of water use in Central Asia 
is mostly caused by an old irrigation system, which is still 
traditionally used in agriculture, when water consumption 
exceeds 3-10 times the world standards. The transition towards a 
modern agricultural system and sustainable water management 
will save considerable amounts of water resources in the region. 
Another problem is that the modernization of the Central Asian 
agriculture and introduction of modern city management require 
serious internal support and external financial investments.  

VII. RECOMMENDATIONS 

The use of global renewable and clean energy is constantly a 
point of concern in the bordering countries. Nowadays, in view 
of increased environmental awareness, regulations on 
distribution of natural resources have been developed and 

coordinated by governmental agencies and non-commercial 
political organizations.  

The main recommendation for the Central Asian region 
includes monitoring of the regulating processes in hydro-
energetic resources distribution and legalized agreements among 
the stakeholders and participating countries. The sustainable use 
of energy resources and further development of the legalized 
regulations in the energetic industry in the neighboring states 
will present new perspectives of collaboration. Namely, they 
will create opportunities and challenges in the successful 
cooperation both in commercial, market and political sectors 
and in the environmental agencies. Opportunities should be 
presented in form of improved technologies of the hydro-
energetic plants, systems of water treatment, distribution and 
delivery.  

Furthermore, the optimal decision of the sustainable water 
usage in Central Asia, should be based on well-balanced and 
politically wise decisions, which consider interests of all 
countries. This should be taken as a major, general direction for 
further development of hydro energetic system in Central Asia. 
Thus, the decisions taken at governmental level should be well 
discussed and agreed by all parties, with strictly coordinated 
actions at local, regional and national levels of water and hydro-
energy management. The decisions should be exact and 
concrete. 

Advisable can also be involvement of the independent third 
governmental party with no interest in local conflict, which 
could assist in solving dubious questions of water energy usage 
and supply.  Current paper performed critical analysis of the 
geopolitical situation caused by uneven distribution of hydro 
energetic resources within Central Asia, as well as discussion 
and an overview of some of the current local conflicts and 
tensions caused by ineffective management of water resources. 
Besides, a geospatial analysis of the current environmental 
problems within the study area, caused by the climatic and 
anthropogenic factors, is made.  

Finally, the inter-governmental contradictions between the 
states controlling water resources and those consuming them 
should be regulated. This should involve reviewed legislation 
and international processes for sustainable regulation of the 
resources, as well as maintaining political interests of each 
participating country. The governments of the involved 
countries should take measures first, to establish and elaborate 
new ways to support existing technologies, second, to control 
further development and modernization of the hydro-energetic 
plant systems, and third, to attract new investments from the 
potential partners, i.e. commercial organizations. 
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Experience of Students’ and Teachers’ Pilot Training 
in the Field of Environmental Engineering in a Post-
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Abstract – Kazakhstan is one of the Post-Soviet countries with 
remains of the Soviet educational system. Yet, in 2010 
Kazakhstan joined the European Higher Education Area (the 
Bologna Process) that requires focusing on 10 Action Lines and 
taking into account the Process' fundamental principles. A 
consortium of universities representing Kazakhstan, Russia and 
European Union countries developed within a Tempus 
programme project to enhance a transition and compliance with 
requirements of the Bologna Process in the field of environmental 
engineering. Within the project, the academic staff of Riga 
Technical University (Latvia) implemented a pilot training 
concept in Kazakhstan higher education institutions. This paper 
presents the methodology applied and verified in two Kazakhstan 
higher education institutions and discusses the results achieved. 
It is concluded that collaboration of academic staff from 
countries with a common past has many benefits when an 
innovative training concept is implemented. It helps to acquire a 
better understanding of the situation and find more effective 
solutions in the academic, scientific and industrial spheres. The 
methodology applied proved to be efficient to encourage the 
students’ critical thinking skills and further develop the 
curriculum of environmental engineering in Post-Soviet 
countries. 

 
Keywords – Academic exchange, Critical thinking, Post-Soviet 

countries, Students’ training. 
 

I. INTRODUCTION 

Lately, European Union universities focus on collaboration 
with Post-Soviet countries. Most frequently, within the 
TEMPUS programme, which supports the modernization of 
higher education in the European Union’s surrounding area. 
Tempus promotes institutional cooperation that involves the 
European Union and Partner Countries and focuses on the 
reform and modernization of higher education systems in the 
Partner Countries of Eastern Europe, Central Asia, the 
Western Balkans and the Mediterranean region [1]. Within the 
activities of the Tempus programme project “Development 
and implementation of the Master Programme -“Eco-
Engineering – environmental processing and sustainable use 
of renewable recourses and bio-waste” (Green Engine), an 
experience exchange for the enhancement and improvement of 
environmental engineering curriculum was carried out through 
collaboration of technical universities. The academic staff of 
the Riga Technical University (Latvia) implemented an 
innovative Pilot training project in A.Baitursynov Kostanay 
State University (Kazakhstan) and Rudny Industrial Institute 

(Kazakhstan). The aim of this paper is to present the 
methodology applied and discuss the results achieved. 

II. LITERATURE REVIEW 

During the last decade, the international mobility of 
scientific and academic staff has globally become an integral 
part of the higher education [2]. Collaboration and integration 
in education worldwide is one of the main priorities of 
Kazakhstan policy, as well. In March 2010, Kazakhstan joined 
the European Higher Education Area (the Bologna Process) 
[3]. Joining the Bologna Process is led by the necessity to 
integrate into the modern global educational area by creating a 
competitive education system [2]. Thereof, for Kazakhstan, 
the issue of academic exchange and mobility is of special 
importance. The concept of academic mobility of students of 
higher educational institutions of the Republic of Kazakhstan 
[4] defines an academic mobility as “the movement of 
students or teachers and researchers for a specific academic 
period (including education or production practice) (..) to 
another higher educational institution (domestically or abroad) 
for studying, teaching or research (..)”. As stated by 
Bazhenova [2], the aim of academic mobility is to give 
students an insight into universal European-level education in 
the chosen field of study. However, the problem that hinders 
full realization of the mobility is students’ and teachers’ lack 
of foreign language skills, particularly English [5]. Based on a 
series of observations during their teachings at the educational 
institutions in Kazakhstan, Yergebekov and Temirbekova [5] 
have concluded that in Kazakhstan's higher education system 
the Bologna Process has been introduced as a formality solely 
without practical functions. The statement by Burkhalter and 
Shegebayev [6] that the practices of Kazakhstan teachers serve 
as a barrier to the implementation of student-oriented and 
collaborative practices that promote critical thinking adds to 
the Yergebekov’s and Temirbekova’s conclusion. Our study, 
however, shows that the higher education system in 
Kazakhstan can be enhanced by developing an environmental 
engineering curriculum and applying a specially developed 
training concept.  

The Tempus programme has a strong impact on curriculum 
modernization. The projects implemented within the Tempus 
programme demonstrate new approaches to developing 
interdisciplinary curricular [3]. The aim of the Green Engine 
project is to develop and implement an interdisciplinary 
Master program on environmental processes and energy 
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engineering based on renewable energy sources and bio-waste 
to avert the lack of relevant specialists, educational 
background and practical experience. That will help 
Kazakhstan to implement environmental policy and attract 
relevant foreign companies to invest in this area [7]. An 
additional activity of the project is an experience exchange 
and academic mobility that would give the Kazakhstan 
students and teachers insight into the European approach to 
the relevant problems. 

III. METHODOLOGY 

In September 2013, the academic staff of Riga Technical 
University implemented an innovative Pilot training project in 
two higher education institutions in Kazakhstan. The topics 
covered included renewable energy sources and technologies, 
environmental indicators and technologies, district heating 
systems, energy efficiency of buildings, technologies of boiler 
houses and cogeneration plants, and waste management 
systems. The training included lectures, practical works and a 
study tour to a large-scale industrial site. The main idea was to 
give students and teachers as much experience as possible in a 
short period of time (one week) by applying extraordinary 
methods and giving tasks where critical thinking is practiced. 
Thus, the first two days of the training were devoted to 
theoretical aspects of environmental engineering (lectures). 
Then, students together with the academic staff visited an 
industrial site – a beer factory (see Fig. 1), where all the 
technological processes were shown and explained. Finally, 
the last two days were devoted to practical works.  

 

Fig. 1. Students and teachers visiting the beer factory.  

The practical works were completed in several stages. First, 
the technological scheme of the production process was drawn 
and discussed and problematic areas identified (see Fig. 2). 
The data provided by the beer factory contributed to the 
problem identification process. An example of data processing 
results is shown in Figure 3. 

 

Fig. 2. The process of the production scheme’s drawing and problem 
identification 

It can be seen from Figure 3, that the specific consumption 
of technical water in 2012 per decilitre of beer produced in 
respect to the total monthly amount of beer produced is larger 
than in 2011. The average benchmark of two years is situated 
in between the linear trend lines of 2011 and 2012. That raises 
the question “What is the cause of such deterioration in 
resource consumption?” and allows proposing solutions for 
improvements.  

After discussing the potential solutions in the class, students 
had to develop the proposed alternatives of the technological 
improvements further and carry out their technical and 
economic evaluation. Finally, students gave presentations on 
the assessment made. The results were discussed among 
students, teachers and representatives from the beer-producing 
company. All the interaction was made in Russian, thus 
efficiently overcoming the language barrier. 

 

Fig. 3. The trends of the specific consumption of technical water depending on 
the monthly production of beer in 2011 and 2012 

The Pilot training concept encompassed not only lectures 
and practical works for students, but also contributed to the 
dialogue between the three parties: 

a) teachers (academic staff), 
b) students, and  
c) company representatives. 
 
Figure 4 shows the algorithm of the method applied. 
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Fig. 4. Algorithm of the methodology 

As the algorithm shows, the academic staff participates in 
the development and realization of every block. The main task 
is to create, develop and implement ideas, based on the results 
of the assessment and analysis carried out by students. The 
beer producing company representatives have a special role in 
the methodology applied. They provide the necessary data, 
introduce students and lecturers with the manufacturing 
processes and take active participation in the discussion of 
alternatives, thus demonstrating the real-application options of 
the ideas developed by students. 

IV. RESULTS 

The Pilot training concept was practically verified in two 
Kazakhstan universities, i.e. A.Baitursynov Kostanay State 
University for master's degree students and Rudny Industrial 
Institute for bachelor's degree students. Riga Technical 
University represented Latvia which is a country formerly 
occupied by the Soviet Union. It was found that collaboration 
of academic staff from countries with a common past has 
many benefits when an innovative training concept is 
implemented: 

1. sharing the story about the use of same or similar 
equipment and technologies; 

2. improving  awareness of opportunities and 
understanding of sustainable development; 

3. sharing data processing and results’ analysis practices 
and methods; 

4. information and practical demonstration on the use of 
innovative teaching methods; 

5. help in avoiding repetition of mistakes; 
6. overcoming the language barrier (the use of Russian 

language allows better understanding and 
communication, thus learning/teaching the innovative 
technologies is more efficient). 

 
A positive outcome was reached on the both sides of the 

involved participants – Latvia and Kazakhstan. The primary 
aim was to give students practical experience in critical 
assessment and problem solving at a real industrial site. The 
aim was reached, which is proved by the solutions for more 
efficient production processes that were developed by 
students. The improvements proposed and assessed included: 

1. utilization of waste for biogas production; 
2. installation of technologies for combined energy sources, 

e.g. solar, wind and gas to minimize the consumption of 
natural gas; 

3. filtration and recycling of production wastewaters; 
4. utilization of the emitted vaporized spirits for operating a 

Stirling engine for energy production; 
5. installation of a combined heat and power unit to cover 

the production needs of heat and electricity; 
6. installation of a water borehole; 
7. production of alcohol from the evaporated spirit from 

beer; 
8. installation of condenser in the boiler house; etc. 
 
One of the most interesting ideas was a proposal for 

utilization of polluted kieselgur, a waste product of beer 
filtration processes. It was suggested as an additive in brick 
production to ensure higher porosity and greater thermal 
resistance. This illustrates systematic approach and 
understanding of student audience as well as the necessity to 
look for solution by expanding borders (outside the company). 

The proposals for efficiency increase of the production 
process were discussed among professors, students and the 
beer production company’s representatives. Figure 5 shows 
the range of interests of all the involved parties and their 
action directions. As it can be seen, solutions were proposed 
for all directions. 

The additional positive result of the Pilot training was 
experience exchange between the academic staff of the 
involved universities. The Kazakhstan universities’ staff was 
able to observe the training process and acquire new teaching 
methods. Whereas, staff of the Riga Technical University was 
able to verify the developed methodology of the Pilot training. 
Besides, follow-up for further cooperation in research and 
education were elaborated in the field of environmental 
engineering and renewable resources. 
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Fig. 5.  Range of interests of the involved parties and their action directions  

Finally, the visit of the beer production company and the 
company’s positive responsiveness proved that there are 
potential cooperation possibilities between the industry and 
the higher education establishments. 

V. CONCLUSIONS 

1. When an innovative training methodology is 
implemented, a collaboration of academic staff from countries 
with a common past has several benefits as avoidance of 
mistake repetition, sharing knowledge of similar technologies 
and equipment, overcoming the language barrier in academic 
and scientific works etc. to name a few. It helps to acquire a 
better understanding of the situation and find more effective 
solutions in the academic, scientific and industrial spheres. 

2. The methodology applied proved to be efficient to 
encourage the students’ critical thinking skills allowing a 
further development of the environmental engineering 
curriculum in Post-Soviet countries. 

3. Several positive effects of the academic experience 
exchange were achieved as widening the spectrum of teaching 
methods on the side of Kazakhstan universities and trials and 
affirmation of new training methodologies on the side of Riga 
Technical University. In addition, future cooperation options 
were identified on all levels – academic, scientific and 
industrial. 

4. The verified training methodology can be applied in other 
Post-Soviet countries as well. It will allow transferring of 
European knowledge, experience and best practice to solve 
environmental engineering problems more effectively. 
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Devonian Clay Modification for the Improvement of 
Heavy Metal Sorption Properties 

Juris Burlakovs, Julija Karasa, Maris Klavins, University of Latvia

Abstract – Contamination with heavy metals is an important 
problem as bioaccumulation effects of those are creating direct 
and indirect hazards to environment and human health. 
Contaminated soil remediation can be done by various 
technologies and the use of soil amendments is one. Clay 
modification experiments were done to study heavy metal 
sorption from spiked solutions and leaching from contaminated 
soils. The aim of this paper is to give an overview of Devonian 
clay modification possibilities in order to improve heavy metal 
sorption capacity and immobilization options. Modification was 
done by using Ca, Na salts, HNO3 (protonated forms), Fe-
oxyhydroxide. Research has shown better sorption due to 
improved properties of clay through the process of modification. 
Kinetic experiments have shown good results of Pb removal by 
using CaCl2 modified clays as the sorption capacity increases 
comparatively to raw and other types of modified clay. Modified 
clay as amendments in spiked soils also show negligible 
improvement of heavy metal immobilization properties 
comparably to raw Devonian clays. More detailed further 
research in order to prove batch experimental results should be 
done in the future.  

 
Keywords – remediation, immobilization, contamination, clay, 

groundwater and soil quality. 
 

I. INTRODUCTION 

The quality of soil and groundwater is fundamentally 
important and different technologies are used for the 
remediation of diffuse and point sources generated by 
industrial as well as natural contamination. Development of 
soil and groundwater remediation technologies is a matter of 
great importance to eliminate historically and currently 
contaminated sites as contamination causes loss of land as a 
resource [1]. Heavy metals are toxic and hazardous for human 
health and environment; sources are natural processes as 
volcanoes and erosion of rocks as well as anthropogenic 
sources as industry, mining, diffuse air pollution precipitation 
and other [2]. Toxic heavy metal ions are non-biodegradable 
and tend to accumulate in living organisms, causing severe 
disorders and diseases [3-5]. Overexposure to heavy metals 
including lead promotes the development of many 
occupational illnesses. Occupational Safety and Health 
Administration (OSHA) introduced a five-year strategic plan 
in order to diminish the hazardous impact of lead on 
employees by 15%. As this is a question of concern for threats 
not only directly to people’s health and environment in 
general, sources of industrial and natural pollution should be 
analyzed and prevented [6]. There are several 
physicochemical methods available for heavy metal ion 
removal from aqueous solution, including chemical 
precipitation, reverse osmosis, filtration, solvent extraction, 

electrodeposition, electrodialysis, ion exchange and 
adsorption, etc. [4; 7; 8-12]. Among these methods, adsorption 
is considered as an effective method for heavy metal ion 
removal from aqueous solution due to its cost-effectiveness 
and high efficiency [3; 11]. Soil amendments often can be 
used as one of the in-situ technologies for the rehabilitation 
process of contaminated soil. Besides the mining and metal 
related industries, other sources are metal-laden effluents as 
leather tanning, batteries, glassware, ceramics, electroplating, 
paint and photographic industry residuals [13]. Fate of heavy 
metals including lead is affecting food chains, not only human 
[14]. Natural zeolites are not as good as synthetic ones, but 
clay minerals in many cases can be used as good sorbents for 
heavy metal removal, wastewater can be treated much cheaper 
with a good efficiency [15]. Zeolite (clay) is a class of alkaline 
porous alumo-silicate, with a negative charge [16], neutralized 
by introducing exchanged cations in the structure sites itself 
[17;18]. Zeolites are being developed, because those are 
diminishing the solubility and thus the biological availability 
of metals: salts and complexes, also oxides and metal-
carbonate precipitates are formed [19;20]. Research nowadays 
is concentrated to zeolites as effective treatment agents 
because of lower costs of them, sorbents as natural and 
modified clay can be used for groundwater and wastewater 
treatment from arsenic, tungsten, uranium, selenium, lead and 
many other elements with toxic impact properties [21]. 
Comparatively a lot of research has been dedicated to organo-
modified clays and surface modified clays, described in 
review [22]. Acidic treatment can be one of the solutions [23]. 
Calcium and magnesium is removed, iron and aluminium 
content of clay minerals are partially removed. Chemical 
composition through hydrothermal reactions in acidic 
solutions is changing together with the mineralogical structure 
of clay minerals. Montmorillonic clays can be more 
effectively treated compared to kaolinic ones [24]. Sometimes 
sorption capacity diminishes during acidic treatment [25]. 
Surface area and pore volume in montmorillonite can diminish 
when acidic treatment is applied [26]. The mass of clay also 
decreases by 25–30% through this type of treatment. Devonian 
clays used in these series of batch tests as soil amendment 
were studied in [27], where stability constants of ligands were 
studied considering the contamination of copper in soils. This 
study was dedicated to clay modification by nitric acid as well 
as Ca and Na salts in order to prepare surface modified forms 
and their potential towards nickel [Pb(II)] sorption considering 
the ion exchange mechanism. Lead was selected as a model 
pollutant as its salts are used in many industrial applications. 
Pb(II) is not essential for living organisms and long term 
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exposure to higher Pb(II) concentrations may lead to various 
health problems of carcinogenic and teratogenic character 
included. The sorption kinetics on raw and modified clay was 
examined and the role of functional groups in Pb(II) sorption 
was discussed based on the data obtained from Fourier 
transform infrared spectral (FTIR) analysis and other studies.  

The aim of this work is to evaluate the use of natural 
modified zeolites which can be possibly used for remediation 
of soil and waters contaminated with heavy metals (sewage or 
groundwater). Improvement of modified clay sorption 
properties in aquatic phase would show the potential and 
efficiency of use of innovative materials in remediation 
industry. 

II. MATERIALS AND METHODS 

A. Soil samples for leaching experiments 

Mineral soil samples were collected in field works from 10 
soil profiles of varied soil granulometric composition or soil 
texture, composition and properties are described in previous 
studies [28]. Devonian zeolite (clay) amendments are taken 
from the Lode quarry in the northern part of Latvia, these 
clays are made of illite with significant content of kaolinite. 

B. Modification of Devonian clay 

Devonian clay was modified by iron oxide-hydroxide. For 
Fe(OH)3 preparation 250mL of 0.25M and 0.5M FeCl3·6H2O 
were amended with 250mL of 3M NaOH for three hours. 
Washing and decanting was repeated three times and 100g 
Devonian clay was mixed in Fe(OH)3 dispersion. Mixing, 
filtration and washing with deionised water is repeated, the 
drying for 12h is done at room temperature, at the end the 
drying is fulfilled to the end in Gallenkamp Plus II oven for 4h 
in temperature 60ºC. 

C. Samples preparation for leaching tests 

Afterwards samples were sieved again and weighted for two 
different procedures: 10 different samples of soil were taken, 
10 were amended with 10% (m/m) of raw Devonian Lode 
clay, 10% (m/m) Devonian modified clay with 5%FeOOH and 
10%FeOOH, respectively. All 40 samples were spiked with 
lead nitrate in order to apply known contamination of 
100 mg kg-1 in those. 

D. Leaching tests. 

During the batch leaching test vessels were filled with 
distilled water till a liquid-to-solid-ratio 10:1 (referred to the 
dry sample). Under continuous agitation at the rate 130 RPM 
(Grant OLS200) the batch leaching test was done for samples 
with agitation time periods of 24 hours. The pHH2O level was 
measured for all samples after each period using Beckmann 
pH meter 340. After this time the solution is let to set down 
for about 10 minutes. For the determination of inorganic 
compounds the solution was filtered through a 0,45μm filter. 
The concentration of Pb in the leached eluate was determined 
by Atomic Absorption Spectrometer (AAS) (GBC 932 Plus, 
Perkin Elmer) with deuterium background correction and a 

spectral slit width of 0.5 nm for Pb and wavelength 
283.31 nm. 

E. Kinetic experiments 

Modification of Devonian Lode clay was carried out in 
several ways to compare results of sorption. First type of 
modification was protonation of the clay – 5g of raw clay was 
added in 500 mL of 0.2M HNO3 solution, second type – 5g of 
sorbent was added in 500mL of 0.5M CaCl2, the third - 5g of 
sorbent was added in 500mL of 0.5M NaCl. Kinetic 
experiments were performed with 100 mg l-1 lead solution 
with pH adjusted at 5-5.1. Modified clays were dried in 
Gallenkamp Plus II at temperature 45C for 8h (Fig.1). 

 

 
Fig. 1. Modified Devonian clay - Na modified and Ca modified for sorption 
kinetics tests at Linnaeus University laboratory 

Operating in batch mode at room temperature 0.025g of 
every type of modified clay sorbent was added to each flask 
for kinetic experiments. The solution pH was maintained at 
5.0 throughout these experiments. Experiments were carried 
out in 50mL capped Erlenmeyer flasks containing 50 mL Pb 
(II) solution and 0.025 g raw and modified clays by shaking 
(130 rpm) (Grant OLS200) at 22C various time periods of 
5,10,15,30,60,120,180,240,300,360,480 and 1440 minutes. 
After adjusting the pH, no further adjustments were performed 
and final pH was documented after experiments. After 
achieving equilibrium, solutions were separated by filtration 
through cellulose acetate membrane and analyzed for residual 
lead content by atomic absorption spectrometry (AAS). 

III. RESULTS AND DISCUSSION 

A. Leaching experiment results.  

Leaching experiment was performed in order to simulate 
processes in widely distributed soils in Latvia under natural 
conditions in batch mode without impacts of heavy rains or 
acid precipitation. One set of experiment is showing leaching 
from raw soil. 

The pHH2O values of all samples were essentially of natural 
neutral conditions 5.0-6.7 and during the agitation pHH2O was 
increasing or not significantly changing in all cases, this trend 
is dictating the behaviour of lead during the leaching 
experiment. Table I depicts results of leaching from soils of 
different texture, where there are: no amendments added, raw 
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Devonian clay added, and two different types of modified clay 
with FeOOH added. Results show that lead ions are 
immobilized more when more clay to soil is added thus 
proving general hypothesis of heavy metal ion immobilization 
in soils with higher cation exchange capacity. General trends 
in the table are that soils with higher content of aleiritic and 
clayey particles with no amendment diminish the leaching of 
lead under natural pH conditions. If the contents of clayey 
particles are proportionally increased in the sample, then even 
less leaching of lead happens. There is little increase of 
immobilization of lead ions in soil if modified Devonian clay 
is added with FeOOH. Immobilization efficiency increases by 
5-10%, but more advanced experimental work must be applied 
to prove first pilot results. There is no significant change of 
immobilization efficiency if more FeOOH is applied in the 
clay, also the slight differences of results in the experiment 
with values less than 1 mg L -1 can happen under the influence 
of many circumstances as homogeneity of samples, small 
scale clay mineral dispersion in various samples, modification 
irregularities and many more. However, in general leaching of 
lead from spiked samples with 100 mg kg -1 contamination is 
diminished when Devonian clay is amended and efficiency 
increases if modified Devonian clay with FeOOH is applied. 
Benefits of Devonian clay modification with FeOOH for lead 
immobilization efficiency improvement under natural pH 
conditions are relatively negligible and disputable, therefore 
other methods for modification should be found for applied 
environmental soil remediation projects. 

B. Kinetic experiments results 

Experimental performance was designed in order to 
evaluate the sorption of lead from contaminated 100 mg L-1 
solution by using three types of Devonian modified clays and 
comparing them with untreated raw clay. Such types of kinetic 
experiments are a good indicator of sorption properties for 
materials, which possibly would help the remediation process 
in aquatic environment, diminishing deleterious impact of 
toxic heavy metals to environment by migrating further from 
the source site. Results of sorption kinetics are provided in 

Figure 2, where the raw clay achieves equilibrium sorption in 
6 hours, afterwards the effect is insignificant. Sorption of lead 
onto raw clay achieves 30-35 mg of lead for g of sorbent 
under natural conditions. Sodium modified clay achieve 
higher sorption in the first hour than compared with the raw 
clay, but the effect is not continuously growing with time.  
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Fig. 2. Lead sorption by Devonian clay raw, Na modified and Ca modified 

There is almost no difference for raw and Na modified clay 
in terms of sorption efficiency in the long term. Protonated 
forms did not show good results for interpretation thus more 
detailed analysis should be done in further experimental series; 
those are not put in a diagram in Fig. 2. It seems that 
protonation of clay promotes complicated sorption-desorption 
pair-process and other types of column testing would be a 
good solution for having more reasonable explanations. The 
most effective results were yielded from Ca modified clay 
testing and the effect is significant. Ca modified clay have 
growing sorption curve and in 24 h it reaches around 75 mg g-

1. Calcium modified clays are reasonable for use as the lead 
sorption agent for wastewater treatment and can be chosen for 
further analysis of feasibility in different environmental 
conditions. 

TABLE I 

LEACHING EXPERIMENT RESULTS FROM SOILS OF DIFFERENT TEXTURE AMENDED WITH RAW AND MODIFIED DEVONIAN CLAY* 

Nr. 
pHKCl 

mean value 
Soil textural 

classes 
No amendment 

(mg kg -1) 

10% Devonian raw clay 
amended 
(mg kg -1) 

10% Devonian 5%FeOOH 
modified clay amended 

(mg kg -1) 

10% Devonian 10%FeOOH 
modified clay amended 

(mg kg -1) 

1 4.97 sandy loam 1.54 0.98 1.05 1.00 

2 5.69 sandy loam 1.76 1.14 0.98 0.99 

3 4.52 sandy loam 1.22 0.85 0.56 0.61 

4 4.88 sandy loam 2.08 1.65 1.45 1.58 

5 6.08 Loam 0.45 0.53 0.44 0.48 

6 5.10 Loam 1.09 0.67 0.60 0.42 

7 6.54 Loam 0.64 0.49 0.47 0.49 

8 5.24 silt loam 0.39 0.48 0.31 0.31 

9. 5.75 Clay <0.2 <0.2 <0.2 <0.2 

10. 4.23 Sand 2.45 1.67 1.55 1.46 

* - leaching mass loss from filtered soil samples which are found in eluates were measured in units mg l-1, but in Table are given recalculated with rate L:S 10:1 
and therefore are given for comparison also in mg kg-1 by arithmetically multiplying with 10 
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IV. CONCLUSIONS 

Two types of different test series for leaching and kinetics were 
done in order to test lead immobilization properties for various 
types of Devonian clays modified with FeOOH, Ca and Na salts, 
HNO3. Leaching tests have shown minor effect of FeOOH 
modified clays contaminated with lead soil treatment. Kinetic test 
have proven that the most effective results for lead sorption from 
aqueous spiked solution under natural conditions were achieved by 
using Ca salts for Devonian clay modification. Sorption reached 
70-75 mg of lead per gram of sorbent thus the economic feasibility 
of local Latvian clay use in heavy metals treatment can be foreseen 
if experiments are done further in detail. 
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Prospects and Challenges of Thermal Energy  
Storage in Future Energy Systems 

Stefan Holler, University of Applied Sciences and Arts 

Abstract – As a result of European energy and climate policy a 
growing share of renewable energy can be noted in European 
energy markets. Especially in the electricity market this leads to 
a higher volatility of the electricity price. In an open market this 
highly affects the share of cogeneration that is generally linked to 
local or district heating systems. The integration of thermal ener-
gy storage in district heating systems with cogeneration increases 
the flexibility of operation and thus maintains the profitability of 
combined heat and power units.  

In this paper a power-to-heat concept is proposed that offers 
additional benefits for thermal energy storage when electricity 
generation from renewable energy sources exceeds the current 
demand. The concept is analyzed from a technological and eco-
nomic perspective. 

 
Keywords –district heating, electrode boiler, renewable energy, 

thermal energy storage 
 

I. INTRODUCTION 

Conservation of energy is well known in the energy sector 
and different technologies are state of the art and well estab-
lished within the market. Nevertheless, storing of energy gets 
growing importance nowadays, as energy systems are being 
transformed in order to replace fossil fuels by renewable ener-
gy sources. As renewable energy sources, such as wind or 
solar energy, are fluctuating over time it is necessary to in-
crease the flexibility of energy systems in order to compensate 
for the mismatch between energy generation and energy de-
mand of customers [1]. Hereby, energy storage offers a wide 
variety of possibilities. Previous studies show prospects and 
challenges of thermal energy storage when integrated into 
district heating systems with a high share of cogeneration.  

In [2] a model has been presented that determines the theo-
retical maximum of flexibility of a combined heat and power 
system coupled to a thermal energy storage solution that can 
be either centralized or decentralized. In that study, the 
amount of flexibility created in the district heating system is 
determined by the approach of the system through delayed or 
forced operation mode. It was found that the distinction be-
tween the implementation of the thermal energy storage as a 
central unit or as a collection of local units has a dramatic ef-
fect on the amount of available flexibility. The study confirms 
that centrally located storage offers more flexibility compared 
to individual units. 

Among the large variety of energy storage solutions, which 
are available on the market or are subject to current research 
and development projects, this study focuses on the prospects 
and challenges of thermal energy storage. Furthermore this 
study especially outlines the application of stratified hot water 
storages and their integration into district heating systems.  

Different technologies for heat conservation are available, 
depending of technical principle, storing period and storage 
geometry. A good introduction and extended overview is giv-
en in [3]. According to the functional principle thermal energy 
storage is generally divided into sensible, latent or thermo-
chemical heat storage. Stratified hot water storages that are 
being analysed in this study, belong to the category of sensible 
heat storage. They are characterised by a wide range of appli-
cations and sizes. Stratified hot water storages are used in 
small scale within building heating systems as well as in large 
scale within local or district heating systems, when it is neces-
sary to uncouple heat generation from heat demand. Heat ac-
cumulation in local or district heating systems is used either 
when the heat source itself is fluctuating, as it is the case in 
solar thermal systems, or when economic boundary conditions 
require a higher flexibility for energy generation, as it is the 
case in systems with cogeneration. 

Cogeneration is the combined generation of heat and power 
(CHP) in a single unit, and it is characterized by an efficient 
use of primary energy. Modern CHP plants have an utilisation 
ratio as high as 85-90% [4]. However, as heat and power gen-
eration are coupled, the profitability of a CHP unit depends 
very much on the demand, respectively the market price of 
both energy forms - electricity and heat.  

 Figure 1 illustrates the mismatch of thermal and electrical 
energy demand for a municipal supply system for a typical 
year. The load curves for heat and electricity are differing 
throughout the year. Thus, during summer months there is a 
high surplus of thermal energy when electricity is generated in 
cogeneration units.  

Without thermal energy storage, a CHP unit would be in 
operation as long as heat demand and electricity demand ex-
ists. 

 

Fig. 1.  Typical load curves of heat and electricity demand for a municipal 
supply system over the year. 

doi: 10.7250/iscect.2013.005
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Fig. 2.  Electricity price fluctuates on a characteristic weekend day in March 
2013. Electricity feed-in from wind power and photovoltaic plants deliver the 
base load. Conventional generation in fossil power plants covers the remain-
ing demand. Data of European Electricity Index (ELIX) from 10.3.2013 are 
taken from European Energy Exchange (EEX) [5]. 

As soon as the electricity demand decreases and the price 
drops below the marginal price for the given CHP unit, a heat-
only boiler will be operated instead to cover the heat demand 
of the supply system. In times of low heat demand and high 
electricity demand, the CHP unit can be operated from the 
economic point of view; however, the cogenerated heat would 
then be wasted. 

In [6] a methodology is proposed for the evaluation of large 
district heating systems with cogeneration in order to avoid the 
waste of heat. Using data from the large-scale Tallinn district 
heating system, it is shown that an effective operation of co-
generation plants could decrease the consumption of primary 
energy in the system. 

 Furthermore, thermal energy storage offers the chance for 
extended CHP operation according to the electricity market 
price without wasting the by-product heat. At times of low 
heat demand, the thermal energy storage will be charged. The 
accumulated thermal energy is then used to cover the peak 
load of the heating system in times of higher heat demand or 
when the CHP unit is not in operation. As an additional bene-
fit, this operation mode of a CHP unit with heat accumulation 
enables longer annual operation times of the cogeneration unit 
and reduces the inefficient use of heat-only boilers for peak 
load coverage. The use of storage systems in district heating at 
the example of the Turin district heating system is evaluated in 
[7]. A multi-scale model of a storage tank is proposed, and the 
results of that case study show that primary energy consump-
tion could be reduced up to 12%. 

The economic potential of heat accumulators within the 
power plant park of Berlin is analyzed in [8]. The authors con-
clude that partially decoupling the production of heat in CHP 
units from the demand of a district heating network leads to 
lucrative payback periods for storage devices in the considered 
energy system.  

The increasing percentage of renewable energy in the elec-
tricity market results in a high volatility of the electricity price, 
which strongly affects the operation of cogeneration units. 
Figure 2 illustrates exemplarily the fluctuating daily electricity 
price for a characteristic day on the weekend. During daytime, 
when the supply of solar feed-in through photovoltaic units is 

high, the price is low. In the evening, the share of renewable 
feed-in decreases while at same time the demand increases. It 
can be noted that in this situation the electricity price is rising. 
This effect results from the need of more balance energy that 
is only available at a higher price. 

As described above, cogeneration is only profitable at an 
electricity price above a certain marginal value. Otherwise the 
CHP unit would operate in a non-profitable range. Instead of 
operating fossil fuelled peak-load boilers in this situation, it is 
proposed to integrate electrode boilers into the heating system. 
The use of an electrode boiler has two main advantages. On 
the one hand, it uses electricity from renewable energy genera-
tion such as photovoltaic or wind power units, and on the oth-
er hand, it can compensate for the necessary heat supply of the 
local or district heating system, or it can be used to charge the 
thermal energy storage. This, so-called power-to-heat concept 
has been analysed in this study from a technological and eco-
nomic perspective.  

II. THE POWER-TO-HEAT CONCEPT  

Due to an increasing share of renewable energy in the elec-
tricity market, the technological concept of power-to-heat 
gains grows in attractiveness at utilities [9]. The concept offers 
interesting perspectives to increase energy efficiency, espe-
cially for district heating systems with cogeneration units.  

Figures 3 and 4 schematically illustrate how the electricity 
and heat demand of customers will be covered in a typical 
supply system with district or local heating. The flow charts 
show the situation without (Figure 3) and with (Figure 4) in-
creased renewable electricity generation.  

In the first scenario (Figure 3), the electricity demand is 
covered by a combination of decentralized cogeneration and 
conventional power plants, whereas cogenerated electricity 
has a higher priority than conventionally generated electricity. 
In several European countries corresponding laws regulate this 
priority feed-in. An overview is given in [10]. That study as-
sesses the strength and effectiveness of renewable electricity 
feed-in tariffs in European Union countries.  

 

Fig. 3.  Scenario of a supply system with cogeneration and thermal energy 
storage: CHP unit and peak-load boiler cover the heat demand. CHP unit and 
residual electricity from the grid cover the electricity demand. 
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Fig. 4.  Scenario of the power-to-heat concept: When a surplus of renewable 
energy is available on the market, CHP unit and peak-load boiler will be shut 
down. Heat storage and electrode boiler cover the heat demand. 

Local heat generation units either through cogeneration or 
through heat-only boilers cover the heat demand. Cogenera-
tion units are used for the base load and peak-load boilers cov-
er the residual load of the demand curve. Peak-load boilers 
have generally only low operation times, and they are normal-
ly fired by fossil fuels. If thermal energy storage is available, 
the share of cogeneration can be increased, as surplus heat is 
stored in times of low heat demand. At times of high electrici-
ty prices the storage is discharged, again. Thus, the overall 
share of cogeneration increases, and the operation time for the 
peak-load boiler decreases. 

Figure 4 illustrates the power-to-heat concept at which a 
surplus of renewable energy is stored in the heating system at 
times of low electricity demand. Recent experiences from the 
European electricity market show that at times when a lot of 
renewable energy is generated the electricity price on the spot 
market drops and cogeneration might not be cost-effective. 
For this situation, the necessary heat is either taken from the 
thermal energy storage or is generated by an electrode boiler. 
Alternatively heat pumps can be used. A positive side effect is 
that the operation time of the fossil peak-load boiler is re-
duced, thus lowering fossil fuel consumption and CO2 emis-
sions. Thus, electrode boilers enable conservation of surplus 
energy from renewable energy generation. 

III. ECONOMIC EVALUATION 

An economic analysis has been made for the use of an elec-
trode boiler as shown in Figure 4 and as described above. The 
following assumption and premises have been made for the 
economic calculations:  

The scenario of a supply system has been analysed at which 
an electrode boiler with capacity Pel,EB is installed and replaces 
a cogeneration unit of same capacity Pel, CHP when the electric-
ity price pel is low. For the base scenario, the marginal electric-
ity price of pel = 10 EUR/MWh was determined.  

A. Calculation of cost saving 
The scenario applies from the economic perspective when 

the saving of annual operation costs ΔC due to reduced fuel 
demand of the cogeneration unit compensates the annuity of 

investment costs aEB of the electrode boiler. The annuity of the 
electrode boiler is calculated according to the financial data 
listed in Table I.  

TABLE I 

CALCULATION OF ANNUITY FOR ELECTRODE BOILER (1MW) 

Investment costs  90.000 EUR 

Interest rate  6 % 

Amortisation period  20 Years 

Annuity  aEB 7.850 EUR 

 
Thus, for the normed annual operation costs results 

 .  (1) 

ΔC is calculated according to (2), covering the saved fuel 
heat ΔWfu,CHP and the lost electricity generation ΔECHP of the 
cogeneration unit as well as the electricity consumption of the 
electrode boiler EEB with energy prices of fuel pfu and electrici-
ty pel.  

  (2) 

In (2) the assumption has been made that the feed-in tariff 
for electricity from cogeneration equals the price of electricity 
purchased for the electrode boiler. For the purpose of this 
study the simplification is justified, as a general understanding 
of the economic situation should be established. However, in 
real markets additional price components have to be taken into 
account. ΔWfu,CHP is linked to ΔECHP by the electrical utilisa-
tion ratio ζel. 

  el 
ECHP

Wfu,CHP

 (3) 

The marginal operation time top,EB of the electrode boiler 
equals the time when the cogeneration unit is shut down, and 
it can be calculated according to (4). 

 top,EB 
EEB

Pel,EB

 top,CHP 
ECHP

Pel,CHP

 (4) 

TABLE II 

FINANCIAL AND TECHNICAL DATA OF BASE SCENARIO  

Fuel price  pfu 40 EUR/MWh

Marginal electricity price  pel 10 EUR/MWh

Nominal power of electrode boiler Pel,EB 1 MW 

Nominal electrical power of cogeneration unit Pel, CHP 1 MW 

Electrical utilisation ratio of cogeneration unit ζel 0,41  

 

B. Results 

Figure 5 shows the result of the economic analysis for the 
investment of an electrode boiler. In the base scenario the data 

C

aEB

1

C  Wfu,CHP  pfu  ECHP EEB   pel
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from Table II are used to calculate cost saving in relation to 
the operation time of the electrode boiler. With an electricity 
price of 10 EUR/MWh and fuel price of 40 EUR/MWh, the 
investment is cost-effective when an annual operation time of 
approximately 100 hours will be exceeded. Annual cost saving 
rises linearly with increasing annual operation time. When the 
price situation at the spot market for electricity enables an 
annual operation of 200 hours, the cost saving doubles. This 
would significantly reduce the payback time of the investment. 
With decreasing electricity price or increasing fuel price the 
break-even point, when nominal cost saving equals 1, moves 
to even lower operation time.  

IV. DISCUSSION AND CONCLUSION 

In this study it is shown that the integration of large-scale 
hot water storages optimizes the energy efficiency of district 
heating systems with a high share of cogeneration. Further-
more, thermal energy storage increases flexibility of energy 
systems, as they enable the integration of electrode boilers. 
The technologic and economic analysis shows that electrode 
boilers offer an interesting option for the conservation of ener-
gy generated from renewable resources, such as wind and so-
lar energy, at times of low electricity demand.  

Previous studies, e.g. as described in [11], and the analysis 
of the European Electricity Index (ELIX) prove the validity of 
the scenario described above [5]. 

 

Fig. 5.  Normed cost saving is plotted against annual operation time of the 
electrode boiler. Dotted lines show the sensitivity in respect to electricity and 
fuel prices. 

Obviously, from a thermodynamic perspective it might be 
considered whether electricity should be converted into ther-
mal energy for conservation purposes as this conversion pro-
cess is irreversible and implies high exergy losses. However, it 
can be noted that the conversion of electrical into thermal en-
ergy only applies for the share of renewable electricity that 
cannot be used otherwise. In the conventional power genera-
tion process the conversion of primary energy into electrical 

energy is realised by several steps, and it is characterised by 
significant conversion losses. Wind power and photovoltaic 
units, however, are characterized by low conversion losses. 
Primary energy is converted into electrical energy either di-
rectly as in the case of photovoltaic units or via mechanical 
energy as in the case of wind turbines. In both cases the con-
version losses are low compared to the power generation 
through burning of fossil fuels. Further studies are needed to 
evaluate the primary energy efficiency of the power-to-heat 
concept.  
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Development of Evaluation Methodology for Carbon 
Dioxide Emissions in Production Processes 

Evija Grege-Staltmane, JSC "Latvijas valsts mezi"  

Abstract - Present study identifies the main CO2 emissions in 
production processes for forest management company JSC 
"Latvijas valsts mezi". The goal of calculations was to precisely 
determine CO2 emissions for the company and approximately for 
outsourcing. It was found that the largest amount of JSC 
"Latvijas valsts mezi" company’s outsourcing CO2 emissions in 
production processes are for forest infrastructure development, 
supply of wood assortment and roundwood harvesting. The 
major amount of JSC "Latvijas valsts mezi" company’s CO2 
emissions is in the Forest Management unit and in the Seeds and 
Plants unit. 

 
Keywords - carbon footprint, CO2 emissions, forestry 

management, production processes. 
 

I. INTRODUCTION 
In terms of climate, forests act as carbon sinks because of 

photosynthesis, trees remove CO2 from the atmosphere by an 
accumulation of carbon and releasing oxygen. In a sustainably 
managed forest, carbon storage never stops, as new trees 
replace harvested ones. It is possible to find many studies [1,2] 
about carbon storage in forest and wood products, while the 
studies about CO2 emissions in forestry are very few, except 
emissions from forest bioenergy production are widely 
described [3]. 

The term “carbon footprint” has appeared in the last ten 
years. It is a measure of the greenhouse gas emissions 
associated with an activity, group of activities or a product [4]. 

JSC "Latvijas valsts mezi" (hereinafter – LVM) pursues 
state interests in forestry by sustaining and increasing the 
forest value, while gaining maximum possible value from 
forest management in Latvia. Along with timber as its major 
product, the company also develops other lines of business, 
suchas the production of genetically improved forest tree 
seeds and plants, hunting and game management, and 
recreational services. LVM provides its customers with 
sawlogs, veneer logs, industrial wood, pulpwood, and 
fuelwood. LVM supplies fuel chips to produce green energy in 
Latvia and abroad. LVM offers sand, gravel, as well as peat 
for excavation. 

One of the company’s strategic objectives is to reduce the 
impact of its economic activities on the environment. Carbon 
dioxide (CO2) emissions generated from forest operations is 
one of the factors which impacts environment. 

The company started research of forestry management 
influence on CO2 emissions and removals in trees, soil, 
wooden products, but CO2 emissions are also from the process 
of forest management: the consumption of fuel and electricity, 

heating offices and so on. Therefore, the company has set a 
goal - to develop the evaluation methodology for CO2 
emissions in production processes also known as "CO2 
footprint". 

II. METHODOLOGY 
The methodological approach which was described in the 

Greenhouse Gas Protocol [5] has been adapted to LVM 
specific nature in CO2 emissions determination. The emissions 
obtained from the company activities have been assessed. The 
complex of the method consists of four stages: 

1. Establishment of the assessment boundaries; 
2. Choosing a base year; 
3. Collection of data; 
4. Calculation of emissions using appropriate local or 

international documents where emission factors are 
determined. 

 
The establishment of assessment boundaries means to 

clearly determine what would be included in the calculations 
and how detailed the calculation would be, for example, for 
the whole organization or just one unit. The three scopes 
provide an accounting framework according to the above 
mentioned standard: 
Scope 1: Direct greenhouse gas emissions: 

 Fuel combustion; 
 Fugitive & process emissions. 
 

Scope 2: Electricity indirect greenhouse gas emissions: 
 Purchased electricity, heat or steam for own use. 
 

Scope 3: Other indirect greenhouse gas emissions: 
 Employee business travel; 
 Contractor owned vehicles; 
 Outsourced activities; 
 Production of purchased materials; 
 Waste disposal. 

 
Figure 1 completely covers scopes 1 and 2 in LVM 

calculations for 2011 as well as part of scope 3 (employee 
business travel, transport services and emissions from 
receiving services). 

The company also includes related companies such as Ltd. 
"Jaunmoku pils" (100%) and Ltd. "Meža un koksnes produktu 
pētniecības un attīstības institūts" (44.22%), however these 
have not been included in GHG calculations. 
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Fig.1. LVM assessment boundaries in CO2 footprint determination 

The goal of calculations is to precisely determine CO2 
emissions for LVM and approximately for outsourcing mainly 
estimated fuel consumption for 2011. LVM company 
emissions were also calculated for the years 2010 and 2009. 

The company has chosen to make the calculations for 
eliminated main product and services directions, forestry 
management structuring into five sections: 

 Seeds and plants; 
 Management of mineral resources; 
 Real estate; 
 Forest management: 
o Roundwood harvesting. 
o Supply of fuel chips; 
o Supply of wood assortment; 
o Silviculture; 
o Forest infrastructure development; 

 Services in recreation and hunting. 
 

Special spread sheets were created to calculate emissions 
for the above mentioned units. 

All emissions for each calculation unit are divided in two 
parts - the company’s emissions and outsourcing emissions 
(see Fig. 2). The Seeds and Plants unit has no outsourcing 
emissions. Outsourcing emissions mainly consist of fuel 
combustion. LVM has 96% of outsourcing emissions and 4% 
of their own GHG emissions. 
 
 
 
 
 

 
 
Fig. 2. LVM and outsourcing CO2 emissions in tonnes in the year 2011 

Other greenhouse gases are not assessed separately in these 
calculations for example N2O, CH4, HFC etc. is the 
calculations concentrated only on CO2 emissions and if there 
were such other gases, they were converted into CO2 
equivalents already in an emission factor. 

Data on consumed resources were collected from invoices 
in LVM, but the emissions from services were retrieved from 
contracts or internal calculations for the year 2011. Fuel costs 
are estimated from the contracts according to service prices, 
which are set in the contracts. These are fuel cost impact 
coefficients. LVM pays a set price per service and an estimate 
on what percentage of that price is delineated for fuel costs. 
Those fuel costs are divided by the average fuel price that 
year, to get the litres. In cases where the kind of fuel is not 
known, it is assumed that diesel and gasoline have been used 
in similar proportions, i.e. 50% of each. It was assumed that 
the  diesel consumption for a harvester of 0.96 litres/ m3 for 
clear cut, 1.37 litres/ m3 for sanitary cut, 1.71 litres/ m3 for 
thinning and for a forwarder of 1.21 litres/ m3 for clear cut, 
1.42 litres/ m3 for sanitary cut, 1.82 litres/ m3 for thinning. The 
average fuel consumption is assumed as 52l/100km for timber 
deliveries. 

The volumes and the amount of money for outsourcing 
service providers were taken from the budgets of the LVM 
(Microstrategy) for 2011. Data from the Central Statistical 
Bureau of Latvia were used in the estimation of average fuel 
costs. 

The CO2 emissions were calculated as indicated in equation 
(1).  

 
Eco=D*e (1) 

 
Selected data for the calculation (D) are summarized in the 

corresponding units and multiplied by an emission factor (e), 
resulting in CO2 emissions (Eco). The emission factor 
represents how much CO2 is emitted into the atmosphere by 
consuming 1 unit of energy or material. In this study six 
emission factors were represented for electricity, gas, freon 
and fuel. The two fuel emission factors were most used for 
diesel – 2.63 CO2 eqv./liter and for gasoline - 2.315 CO2 
eqv./liter in these calculations. The emission factors selected 
from recognised original sources such as 2011 Guidelines to 
Defra DECC's and GHG Conversion Factors for Company 
reporting or local government documents. 

As forests have an important role in capturing and storing 
carbon, the LVM managed forests carbon exchange was 
compared with its forest management activities within one 
year. Latvian State Forest Research Institute "Silava" Excel 
spread sheets were used to estimate carbon sinks in living 
biomass, soil and emissions from logging, soil and fires using 
the methodology of the greenhouse gas accounting in the Land 
Use, Land Use Change and Forestry sector. 

III. RESULTS 
During the last three years, the amount of the use of 

resources has increased in LVM, despite the fact that the cut 
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volume had decreased to 0.2 million m3 in 2011, which can be 
explained with the production volume increase in the Seeds 
and Plants unit. The amount of CO2 emissions were 5747 CO2 
tonnes in 2009, 6064 CO2 tonnes in 2010, but in 2011 - 6468 
CO2 tonnes. 

The greatest resource consumption in CO2 equivalents in 
the company in 2011 was for diesel – 59%, gasoline - 33%, 
but less for electricity 4% and gas consumption - 4%. LVM is 
increasing the proportion of renewable resources which the 
company uses for daily maintenance -- in 2010 it was 6%, but 
in 2011 it was already 16%. 

Using Latvian State Forest Research Institute "Silava" 
Excel spread sheets, the carbon savings increase in the living 
biomass was calculated as 13 million tonnes CO2 equivalents 
in LVM managed forests. While emissions from logging 
(carbon loses in the living biomass) is 7.6 million tonnes CO2 
equivalents. On this background CO2 emissions from LVM 
production processes are 0.1 million tonnes CO2 equivalents 
using outsourcing in the company product production (see Fig. 
3.), but LVM company's emissions are very small. The 
emissions from outsourcing providers are 1% from the carbon 
savings in the living biomass, 2 % from emissions as a result 
of logging or 3% from total carbon balance - emissions and 
removals from the forest which is 5267 GgCO2 (1 Gg is 
1000000 kg CO2) equivalents. 

 

 
Fig.3. Emissions from LVM forests and forest management in 2011 

In accordance with the Kyoto Protocol [6], Latvia’s national 
inventory reports emissions from fuel uses in the amount of 
3222 Gg CO2 in 2010. The emissions from LVM’s 
outsourcing providers, which are mainly fuel consumption, in 
the total amount of Latvia’s fuel emissions is 5% or 146 Gg 
CO2. 

In 2011 the analysis of LVM’s outsourcing emissions 
showed that the largest amount of CO2 emissions in 
production processes are for (see Fig. 4) 

 Forest infrastructure development (47.98 Gg); 
 Supply of wood assortment (46.61 Gg); 
 Roundwood harvesting (41.81 Gg). 

This could be explained due to the high amount of 
machinery use in these business sectors. While the Silviculture 
unit has only 3% emissions due to the work which is 
conducted by hand in this unit, but Supply of fuel chips unit 
has only 2% emissions due to small production amounts 
(obtained just in 20% from total felling area) and effective 
logistic. 

In the Swedish study [7], energy use calculated in seedling 
production, silviculture, logging and timber transportation 
were 150-200MJ/m3 of timber depending on the locality. 
Timber transportation gives an energy use of 113-77MJ, 
silviculture 16-3MJ, seedling production 9-5MJ, logging 66-
57MJ (cutting operations and forwarding). All LVM fuel 
consumption amount in litres  were converted in MJ for year 
2011, timber transportation gives an energy use of 110 MJ, 
silviculture 5MJ, seedling production 3 MJ, logging 89MJ 
(cutting operations and forwarding) at the felling volume 
5741500 m3 per year. It brings together 207 MJ, which is 
similar to the result of the calculations presented in the 
Swedish study. LVM has less emission from seedling 
production, silviculture compared with Swedish results, but 
more for logging and timber transportation. This could be 
explained due to which exists between these two countries in 
forwarding distance, worse road surface/foundation, curvature 
and smaller road density.  

 

 
Fig. 4. LVM’s outsourcing emissions in forest management in 2011. 

One average tree in LVM stands is 0.26 m3 which 
corresponds to 0.34 tonnes CO2 equivalents respectively 1 m3 
is 1300 kg CO2 e equivalents. Forests absorb carbon dioxide, 
and thus the CO2 footprint for 1 m3 of round wood is negative 
throughout the production cycle. One m3 of round wood 
reduces CO2 by - 1273 CO2 kg in 2011 (see Fig. 5). In a study 
about greenhouse gases storage and emission for company 
J.D. Irving, Limited in Northeast North America, it was 
determined that 22 kg of CO2e were emitted per 1 m3 of wood 
delivered to the mill gate (harvesting, transporting) [7]. While 
In LVM, however, for similar activities 16.2 kg of CO2e were 
emitted per 1 m3 of wood. Difference in results could be due 
to transportation distances. 
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Fig. 5. The CO2 footprint for 1 m3 of round wood from LVM managed forests 
and outsourcing emissions in forest management in 2011. 

Analysing LVM company's CO2 emissions of production 
processes, the largest amount of CO2 emissions are produced 
by the Forest Management unit and the second-largest - by the 
Seeds and Plants unit (see Fig. 6). Forest management is the 
core LVM business, and the Seeds and Plants unit implements 
seed and plant growing with its own resources, without using 
outsourcing services. Within the Forest Management unit, 
roundwood harvesting and silviculture produce the highest 
CO2 emissions, which can be explained with the intense use of 
cars for administration purposes to control the processes in the 
forest. 

 

 
Fig. 6. LVM’s own emissions in 2011 

The main CO2 emission source is fuel in forest management 
and thus activities to reduce fuel consumption reduction 
should be introduced in that unit. This could accomplished 
through the optimization of transportation distances and use of 
machinery with lower fuel consumption levels. Such activities 
would save money, consumption of resource and reduce the 
negative impact on the environment  

IV.CONCLUSIONS 
The increase of carbon storage in living biomass is 13 

million CO2 eq. in LVM managed forests, while the emissions 
from LVM management is 0.1 million tonnes of CO2 eq. or 
1% of the increase in carbon storage in living biomass. 

The emissions created by LVM itself are 6.5 Gg CO2, but 
the emissions from outsourcing providers in production 
processes are 146 Gg CO2 in 2011.  

The CO2 emissions for 1 m3 of harvested round wood from 
LVM itself is 1 kg CO2, but the emissions from outsourcing 
providers in production processes is 26 kg CO2 in 2011. 

The largest amount of LVM’s outsourcing CO2 emissions in 
production processes are for forest infrastructure development 
(47.98 Gg), supply of wood assortment (46.61 Gg) and 
roundwood harvesting (41.81 Gg) in 2011. 

The major amount of LVM company’s CO2 emissions is in 
the forest management unit (3.6 Gg CO2) and in the Seeds and 
Plants unit (1 Gg CO2) in 2011. 

The greatest resource consumption in CO2 equivalents was 
for diesel– 59%, gasoline -33% in LVM in 2011. 

Emissions by scope are as follows: Scope 1: 5973 tonnes of 
CO2e, Scope 2: 470 tonnes of CO2e, Scope 3: 145952 tonnes 
of CO2e. 
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Analysis of Operation Mode for Complex DHS 
Girts Vigants1, Ivars Veidenbergs2, Gundars Galindoms3, Edgars Vigants4, Dagnija Blumberga5, 1-5  

Riga Technical University

Abstract – The overall effectiveness of DHS operation depends 
on the effectiveness of each element of the system separately, as 
well as on the interaction of all elements which can be evaluated 
by definite parameters on the operation of the system. The 
results, which comprise some most essential parameters, reveal 
that the impact of the temperature of supply and return water 
does not impact on the total efficiency of the system. Special 
attention is paid to losses in the heating network in cases with or 
without a flue gas condenser. 

 
Keywords – Gas condenser; energy efficiency improvement; 

heat supply system; heating network; climate technology 
 

I. INTRODUCTION 

In Latvia, the district heating systems (DHS) play a 
significant role, supplying about 80% of users with heat 
energy. This is economically cost effective from many points 
of view, as it is possible to achieve a higher efficiency of the 
energy production, at the same time taking into account heat 
losses in DHS. Another advantage of compact DHS is the 
possibility to use the wholesale trade principle, since all the 
expenses forming the tariff per MWh produced in a large 
system are comparatively lower [1,2]. DHS are very similar; 
they are composed of three elements: 

 a heat source; 
 heat networks; 
 heat consumers. 

The Latvian experience shows that the overall efficiency of 
the DHS is very different, reflected heat consumer tariffs. Heat 
rates differ by more than two times. Difference in tariffs of 
different district heating companies gives reason to study their 
components and to talk about the need to implement energy 
effectiveness measures on-site in energy production plants [3], 
as well as the need to replace expensive fossil fuels with 
relatively cheaper domestic biomass (basically wood) [4,5]. 

Within the heat power source, it is of utmost importance to 
choose the economically and ecologically most appropriate 
resource – the fuel. For instance, from all perspectives it is 
most appropriate in Latvia to have a complex DHS, which 
includes an essentially ramified chain of heat consumers and a 
boiler house (basic fuel – wood chip), at which it is possible to 
deeply cool flue gases at a flue gas condenser. At the largest 
cities of Latvia, natural gas is available. It is an imported fossil 
fuel, which is economically justified to use as a reserve fuel, 
for instance, during maintenance of wood chip boiler [6]. The 
use of wood chips entails also the following negative aspects – 
comparatively expensive technologies, necessity for a storage 
place, but the main problem is that the use of it often is with a 
low efficiency.  This can especially be observed in furnaces 
that burn damp wood. Wood chips can have widely differing 

levels of moisture content, from the 25% standard envisioned 
by the European Union to snow-covered wood with a moisture 
content of over 55% and sometimes even 60%. There are two 
ways of increasing the effectiveness of a boiler house relying 
on wood chips as fuel: 

1. To dry the wood chips before feeding them into the 
furnace. The organisation of the drying process depends on the 
specific needs of the boiler room. A dryer must be used to 
obtain wood chips with low moisture content, but dryers 
consume relatively large amounts of energy that cannot be 
used for other purposes.  

2. The installation of a flue gas condenser behind the 
boiler system [7]. The deep cooling of flue gases implies that 
these gases are to be cooled below the dew point. 
Technologically, this means that proper conditions should be 
provided for this process, i.e. allowing the condensation of 
vapours contained in flue gases [8]. The operation of a gas 
condenser depends on the energy effectiveness of the 
connected DHS users, as well as on water speeds and flow 
parameters in all the elements of a heat network including the 
heat exchangers at the heat substations of the buildings. In 
order to raise the amount of heat derived from a gas 
condenser, it is necessary to reduce the DHS return water 
temperature. This could be done by modelling − qualitatively 
and quantitatively − the operating conditions and control of 
the heat-supply system [1,9]. 

If compared to individual heat supply systems, the main 
‘weak point’ of the DHS is the losses of heat power during its 
transportation. This problem cannot be completely solved. 
Heat losses at the heat network can be reduced by thoroughly 
inspecting the technical condition of the heat network, by 
applying the qualitatively quantitative system of regulation, 
and by operating the DHS with as low temperature of the heat 
carrier as possible [9,10]. 

It is correct to plan in a long-term perspective – to 
maximally optimize the DHS so that the heat losses at the heat 
network and at the heat consumers are as low as possible, but 
consumption of fuel is reduced to the maximum extent 
possible at the heat source. Latvian economic rationale of the 
complex DHS system encompasses an essentially ramified 
chain of heat consumers and a boiler house, at which it is 
possible to deeply cool flue gases at a flue gas condenser. 

II. RESEARCH METHODOLOGY 

A complex district heating system (DHS) is a system 
encompassing an essentially ramified chain of heat consumers 
and a boiler house, at which it is possible to deeply cool flue 
gases at a flue gas condenser. 
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Experience shows that generally the effectiveness of 
operation of a heating system depends on the effectiveness of 
each separate element: 

 efficiency of an energy source; 
 heat losses in heating network; 
 energy effectiveness of a heat consumer.  

The effectiveness of a DHS is also significantly influenced 
by the correlation of all three said components, which can be 
evaluated by employing the particular parameters of operation 
of the system: 

ηDHS= f(tsupply;treturn;GDHS;tfg;α;CO;qloss;qcons;tconst ;tot ;W;A) (1) 

where 

DHS - efficiency of heating system; 

Tsupply - temperature of supply water in heating network; 

Treturn - temperature of return water in heating network; 

GDHS - flow rate at heat supply system; 

Tfg - temperature of flue gases at the chimney opening; 
 - air consumption ratio at the chimney opening;  
CO - concentration of carbon monoxide in flue gases; 

qloss - heat losses in the surrounding environment;  

qcons - specific energy consumption of heat consumers; 

tcons - consumer temperature at a heat substation; 
W - wood wetness contents; 
A - wood ash contents; 

Tout - outdoor temperature.  
 

The methodology for DHS operation analysis, the algorithm 
of which is described in this article, includes using the 
described equation system into modeling the effectiveness of a 
complex DHS. 

The effectiveness evaluation methodology for the DHS, as 
proposed in this work, is based on the data analysis of one 
heating season of Ludza DHS. The operation data for years 
2012/2013 are analyzed, and results of the analysis are 
obtained in the form of correlation equations, which are 
further used in calculations.  Correlation equations are 
examined in more detail in this work [11]. In the article [11] it 
is demonstrated, that, upon a condition that a fuel gas 
condenser is installed at the boiler house, the efficiency of a 
system may be calculated by using the following expression: 

ηsys = ηboiler (1 + Ncond./Ncap – Qhl/Ncap),              (2) 

where 
ηboiler  - boiler efficiency; 
Ncond.- condenser capacity , MW; 
Ncap - boiler capacity, MW; 
Qhl - heat loss in heating network, MW. 

 
Figure 1 demonstrates changes efficiency of district heating 

system depending on outdoor temperature, with and without a 
condenser. 
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Fig. 1. Changes in efficiency of district heating system depending on outdoor 
temperature 

The effectiveness of operation of a complex DHS depends 
on outdoor temperature. Moreover, in case the flue gas 
condenser is used, the efficiency increases if outdoor 
temperature is above 00C 

III. ANALYSIS OF RESULTS 

From expression (2) it can be seen, that, in case the 
efficiency of a boiler does not change, then the efficiency of 
the system is determined by changes in relative relations of 
condenser capacity and heat. Changes in relations are 
demonstrated graphically in the form of curves in Figure 2. 

y1 = Ncon/Nb = 0,0002x2 + 0,0072x + 0,1745
R² = 1,0000

y2 = Qz/Nb = 2,81E‐08x5 + 1,73E‐06x4 + 3,54E‐05x3 + 3,03E‐04x2 + 
2,27E‐03x + 6,06E‐02

R² = 9,93E‐01
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Fig. 2. Changes in relative condenser capacity and network heat losses 
depending on outdoor temperature. 

Equations describing changes in relations can be found in 
Figure 2.  

The relative condenser capacity increases the capacity 
supplied into the heating main, however relative heat losses 
decrease it. It can be seen that the character of temperature 
curves varies at different temperatures. Relative capacity of 
condenser increases by square, if outdoor temperature grows. 
Increase in relative losses is small, if outdoor temperature 
grows approximately to 0…3 0C. Within this interval of 
temperatures, the relative capacity supplied into the main 
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exceeds the relative losses, and therefore the efficiency of the 
system rises, as can be seen in Figure 1. Further increase in 
outdoor temperature is related to a substantial increase in 
relative heat losses. This causes a decrease in efficiency.  

The qualitative changes of relative parameters referred to 
herein, may be characterized quantitatively with the help of a 
gradient curve. The gradient of a curve at a given point is 
defined to be the gradient of the straight line that touches the 
curve at that point. The gradient of the curve at point is equal 
to the tangent at that point. In case the equation of the curve is 
known, then the gradient can be determined by differentiating 
the expression, for instance, the gradient for relative curve of 
condenser capacity is: 

dy1/dx=d(Ncon/Nb)/dtout=0.0004tout+0.0072                (3) 

The gradient of a curve is determined by differentiating the 
graphical expression of relative losses demonstrated in Figure 
2. 

 
dy2/dx=d(Qz/Nb)/dtout=1.4.E^(-7)〖tout〗^4+6.92E^(-6) 〖tout〗^3+ 

+1.06E^(-4).〖tout〗^2+6.06E^(-4).tout+2.27E^(-3)  (4) 
 
By using equations (3) and (4), the values of curve 

gradients are calculated and pictured graphically in Figure 3. 
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Fig. 3. Changes of curve gradient values depending on outdoor temperature  
 

It can be seen in this Figure, that in case temperature grows 
up to approximately – 150C, the gradients are dy1/dx = dy2/dx. 
The curves of relative condenser capacity and heat losses in 
Figure 2 are parallel, and curves of system usefulness 
efficiencies in Figure 1 are without changes as well, in 
addition to which it should be noted that in case the condenser 
is used, the values of efficiency are higher. In case 
temperature grows from – 150C up to approximately + 40C, a 
coherence dy1/dx > dy2/dx is valid, and relative condenser 
capacity supplied into the heat network exceeds the relative 
heat losses, as demonstrated in Figure 2. Within this range of 
outdoor temperatures the system efficiency grows. In case 
outdoor temperature grows above +40C, the proportion of 
gradients changes, and is dy1/dx  dy2/dx. This means, that the 
relative value of heat losses grows quicker that the relative 

value of condenser capacity, and as it can be seen from Figure 
1, the value of efficiency of the heat supply system decreases. 
In case outdoor temperature is approximately +40C, the values 
of gradients are equal, growth in system efficiency cannot be 
detected, and it has the maximum value. 

Changes in efficiency of the system without the flue gas 
condenser depending on the outdoor temperature, as 
demonstrated in Figure 1, are steady without extreme, and its 
value diminishes, in case outdoor temperature rises above 00C. 
In order to assess the efficiency, the equations presented in 
this work can be used by applying value of the condenser 
capacity Ncon = 0.   

IV. CONCLUSIONS 

1. Operation effectiveness of the complex heat supply 
system of Ludza depends on the outdoor temperature, and it 
increases, in case temperature grows above 150C, and reaches 
maximum, in case temperature is +40C. 

2. Changes in system effectiveness are determined by the 
changes in relative condenser capacity and heat losses 
depending on the outdoor temperature. 

3. It is demonstrated that values of gradient curves can be 
used for quantitative assessment of relative changes in 
condenser capacity and heat losses. 

4. Changes in efficiency for a system without a flue gas 
condenser depending on the outdoor temperatures, are steady 
without extreme, and its value decreases, in case outdoor 
temperature rises above 00C. 
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Pilot Unit for Mining Waste Reduction Methods 
Veiko Karu1, Tiit Rahe2, Erki Närep3, Vivika Väizene4, Juan da Costa5, 1-5Tallinn University of Technology 

Abstract – Oil shale mining is a crucially important industry 
for the Estonian economy. More than 85 percent of electricity in 
Estonia is produced from oil shale. The oil shale deposit is located 
in North-East Estonia. The oil shale bed descends three meters 
per kilometer to the south. The oil shale seam contains 
interlayered limestone. Some of it is used as low class aggregate 
rock and the rest is waste rock which is stored in waste rock 
heaps. Crushing, separating and sampling tests of the waste 
material are currently being carried out. Initial results show 
some developments of cutting and crushing possibilities. The aim 
of this study is to find technological solutions to oil shale waste 
rock reuse and improve current mining technology. 

 
Keywords – pilot unit, crushing bucket, minijig, oil shale, 

enrichment, mining waste management 
 

I. INTRODUCTION 

The main mineral resource in Estonia is oil shale [14; 24]. 
There are also sufficient reserves of limestone and dolostone, 
peat, sand, gravel and clay. Phosphorite and granite are 
occurrences in the current economical situation in spite of the 
fact that phosphorite has been extracted for 70 years in former 
times. All previous mining activities have produced mining 
waste, for instance, the total volume of waste rock from oil 
shale mining is more than 76 million m³ and covers about 
790 ha in Estonia [5; 17; 28].  

Estonia is in a good position from the environmental point 
of view. Due to neutralizing alkaline limestone massive in all 
mining areas and not having acidic reactions, reclamation is 
easily done with the same equipment used in the mining 
processes. Water is purified in settling ponds and does not 
require additional chemical treatment. The main concern for 
underground mining is the ground stability of the room and 
pillar mining area [7; 9; 10]. 

It is necessary to develop and implement new mining 
methods in order to mine oil shale more sustainably [25; 27]. 
At the same time ensure the stability of the ground. We need 
more knowledge about selective mining, waste usage and 
backfilling technologies in order to do so. Different laboratory 
investigations show that recycled crushed brick can be used as 
fill material according to their properties [1; 2]. Oil shale 
waste rock properties are similar to crushed rock, crushed 
brick or limestone aggregate. Therefore we can also use oil 
shale waste rock as a fill material or as aggregate in some 
areas [19; 29]. 

We have obtained new pilot equipment to test different 
possibilities of waste reduction technology. With the 
framework of Min-Novation project we have obtained a mini 
wheel loader, a crushing bucket and a minijig enrichment unit 
[8]. It is possible to discover new methods of usage and 
reduction of the already existing mining waste, using the new 
equipment along with other laboratory devices.  

Previous tests with CDE fine separation equipment [3] were 
carried out in Estonia oil shale mine separation plant. The aim 
of these tests was to separate fine material from pulp before 
the material input to the sedimentation pond. An additive 
coagulant, which combined fine particles in a hydro cyclone, 
was added. As a result of these tests it was not possible to 
achieve higher oil shale calorific value with fine separation. 

The most important new pilot equipment units are minijig 
enrichment unit, which is able to enrich large amounts of 
tested material using water and gravity; a high capacity sieve 
shaker and a mini wheel loader, which is capable to operate 
with different operating devices - crushing bucket, soil bucket, 
lifting crane and forklift. 

Previous researches have studied and modeled oil shale 
deposits, described the potential technologies for environment-
friendly oil shale mining [6; 13; 15; 21] and the usage of oil 
shale waste rock [19; 18; 29]. With the present study, we have 
reached the next stage where the described technologies can 
be tested on the laboratory level. Our aim is to test and 
develop optimal methods for selective material crushing and 
handling, using the previously mentioned equipment. The first 
tests have been carried out with oil shale waste rock using the 
new pilot units and in cooperation with ALLU crushing bucket 
manufacturers. 

II. METHODS 

Mining waste reduction methods include all mining 
processes from resource distribution to the final yield in the 
plant. A cooperation project for comparing and testing 
possibilities of mine waste reduction has been set up to create 
a transnational network with regional networks [8]. The 
activities carried out on the regional and transnational level 
will secure better access to knowledge, state-of-the-art 
technologies and good practice to small and medium sized 
enterprises active in the mineral waste management and 
prevention sector. The research study addresses all the waste 
management challenges and opportunities that face the mining 
industry of the Baltic Sea Region, which should be understood 
as an extension to all forms of extraction of natural non-
renewable resources [11]. 

A. Pilot Unit 

In the mining industry it is necessary to use more 
environmental-friendly technologies. Investing in these 
technologies is always expensive. Decisions are based on 
economical calculations and studies on profitability. To ensure 
the efficiency of a certain technology, the pilot unit stage has 
to be carried out beforehand. During this stage, specific 
processes are observed. 

The mining waste project MIN-Novation has taken oil shale 
waste crushing and limestone separation from oil shale under 
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observation. In this case, the previously mentioned pilot unit 
equipment is obtained to carry out future tests. The following 
characteristics were followed in the compilation of the pilot 
unit: lifting capacity of the mini wheel loader, particle size of 
the crushed material, capacity of the sieving unit and the speed 
of the enrichment process. 

Our crushing bucket is a bucket with two mounted rotary 
shafts which rotate in opposite directions to one another, 
crushing the material and releasing it from under the bucket. It 
can be used for thinning and mixing different materials, such 
as soil, compost, construction waste, glass, coal and limestone. 
Generally, crushing buckets can be used as an operating 
device for excavators and wheel loaders. The loading cycle is 
similar to any type of bucket with the exception of the 
crushing function. Crushing is achieved by sharp blades 
mounted on the rotary shafts. The crushing shafts are activated 
by hydraulic pressure. The bucket itself does not have any 
power source. Therefore it is necessary for the operation of the 
crushing bucket to be connected to a machine which has a 
hydraulic power output and a connecting plate, which enables 
the movement of the bucket. In our case, we have chosen the 
mini wheel loader Avant 745 (Fig. 1.). 

 

Fig. 1. Crushing bucket and mini wheel loader Avant 745 

The advantage of crushing buckets over larger crushers is 
their mobility and small size, which means that they can work 
on site, even in underground conditions. It is possible to 
scoop, crush, transport, and load the material in one cycle. 
Selective crushing is based on the fact that oil shale is more 
fragile than limestone, meaning that oil shale breaks relatively 
quickly and into smaller fractions. The minijig enrichment 
unit, produced by AllMineral, is a gravitation enrichment unit. 
The enrichment process is based on the behavior of rock in the 
influence of gravity which is achieved by pulsating water. 
Fractions with higher density are separated from other 
fractions with the material being lifted up and down by water 
[4]. Therefore it is essential that the mineral and waste 
fractions have different densities. In addition to density, the 
particle size and shape is also crucial. Larger particles have a 
larger influence of gravity which reduces the enrichment 
efficiency and therefore it is recommended to use specified 
fractions with a smaller variety in particle size. In addition, 

round particles can move more freely compared to flat ones in 
the suspension since they are able to move through gaps 
between larger particles. The outcome of the enrichment 
process is material sedimentation into layers. The test 
container consists of plexiglass layers which can be separated 
layer by layer (Fig. 2.). In order to get the best results, it is 
necessary to observe the enrichment productivity and quality 
[22, 26] of each enriched layer to choose the right working 
mode during the enrichment process. The most precise 
stratification requires the amplitude and frequency of water 
pulsation to be optimized according to the sample 
characteristics. 

 

Fig. 2. Enrichment unit - minijig 

In our conditions, the enrichment unit can be used to 
separate oil shale from limestone. Oil shale layers on top of 
limestone layers can be separated from each other and 
extracted selectively from the device as a result of the 
sedimentation process. This enables us to obtain the valuable 
mineral from waste landfills by crushing the material and 
separating it with the enrichment unit. Tests with the 
enrichment unit help us to examine and analyse the material 
processed with the crushing bucket. 
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B. Possible usage of waste 

The limestone layers in oil shale seam have a slightly lower 
quality compared to the yield extracted from limestone 
quarries. Regardless of the quality, the waste rock obtained 
from oil shale enrichment can still be used for beneficial 
purposes. In the construction industry, the waste rock can be 
used as filler material for constructions. Splinters produced 
from waste rock can be used as building material and the high-
quality component to produce concrete. In addition to that, the 
waste rock can be used in reclamation together with 
overburden or for backfilling in underground conditions [20]. 
A part of our study is to test the separated limestone together 
with oil shale ash and cement in concrete production. Our aim 
is to prove the beneficial potential of oil shale waste rock 
using necessary equipment to evaluate the properties of the 
produced concrete. 

III. RESULTS 

For now we have carried out several test periods using the 
obtained pilot equipment. For instance, we have tested 
limestone clinker and gained grading curves from single and 
double crushing. In addition we have also tested the crushing 
bucket to crush oil shale waste rock and the enrichment unit to 
separate oil shale from limestone. 

A. Crushing bucket 

The first crushing bucket tests were carried out in 
collaboration with the manufacturers of ALLU crushing 
buckets. These tests showed that further study on the use of 
crushing buckets is indeed justified and it can provide us with 
new useful information (Fig. 3.). The necessary pilot 
equipment is acquired by the Department of Mining in order 
to carry out this study. 

 

Fig. 3. ALLU crushing bucket test in Narva open cast 

During the ALLU crushing bucket testing, carried out in 
2011-2012, it was shown that the material is mixing inside the 
crushing bucket, whereas in our pilot unit, the material is 
solidly moving into the crushing shafts. Therefore it is not 
possible to separate limestone fractions while crushing. 
However, visual observation determined that the crushed oil 
shale fractions are indeed smashed to a greater extent 

compared to limestone, which allows us to separate oil shale 
from limestone using the screens as in the Allu crushing 
buckets tests. Grading analysis and fractionation of different 
classes of oil shale and limestone were carried out to describe 
the possibilities of enrichment of mined and crushed material 
with different properties using the screening method. Fig. 4. 
and Fig. 5. show the analysis results of the oil shale from 
Estonia mine material crushed by ALLU crushing buckets 
mark ALLU DH 3-17/X75.  

 

Fig. 4. Crushing bucket's grading and fraction analysis of processed material 

 
Fig. 5. Screening enrichment of crushing bucket's processed material 

B. Enrichment unit 

Currently, the oil shale in Estonia is enriched using heavy 
media separation (HMS) process. The enrichment unit we use 
is stratifying material with pulsating water. To test the 
capabilities of our enrichment unit, a test with mixed oil shale 
and limestone material has been carried out. The results were 
more or less successful, however, a few downsides were found 
as follows:  

1. Every separation requires at least 30 to 40 liters of 
material. 
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2. When processing material with variable particle size, 
smaller fractions can get stuck between larger fractions and 
may not stratify properly.  
3. Material smaller than 1 mm cannot be processed since 
smaller particles are discharged with water. 
4. After every enrichment process, there will always remain 
some material that includes both oil shale and limestone 
(Fig. 6. and Fig. 7.). 

 

Fig. 6. Separating limestone and oil shale with minijig 

 

Fig 7. Separated material inside the minijig sample box before removal  

IV. DISCUSSION 

A. Crushing bucket 

Figures 4 and 5 show that this kind of processed material 
can be enriched rather well with screening, screening buckets 
or sieves with appropriate sieve sizes. For instance, if we 
screen the given material with a 25 mm sieve: 

1. The yield under the sieve would be 52% of the initial 
material. If the material transported out of the mine consists 
solely of the yield under the sieve, the transported quantities 
will be reduced by 48%, which, for instance, can later on be 
used with the introduction of backfilling technology to 
underpin shafts (Fig. 2.). 

2. The oil shale loss in the processed material would be 
17.4% (Fig. 2.). 

3. We would be able to remove 79% of limestone from the 
mined material (Fig. 2.).  

4. The concentration of oil shale in the given material 
would rise 30%, resulting in the total oil shale concentration of 
80% (Fig. 3.). 

However, we should use 40 mm sieves if we concede to 
lose less than 3% of oil shale during the enrichment of the 
given material. This means that quantities transported from the 
mine would be reduced only by 20%, the removal of limestone 
from mined material would be 37% and concentration of oil 
shale would rise from 50% to 61%. 

The selection of sieves during the enrichment of the 
processed material will be set by economic benefit. 

The most important properties of the material in terms of 
crushing are moisture content, relation between limestone and 
oil shale concentrations, compression of oil shale and 
limestone, the difference between these compressions, etc. 

In theory, if the crushing bucket operator is experienced, it 
is possible to remove some of the limestone as early as the end 
of the first crushing stage. The use of screening separates even 
more limestone from the crushed material. Oil shale fractions 
are smaller and can be screened out while limestone remains 
on the screen and can be extracted. It is possible to replace the 
standard buckets and crushers used in mines with crushing and 
screening buckets. Excavated material can be crushed to 
smaller fractions using the crushing bucket and then remove 
the fractions of limestone using the screening bucket. The 
remaining residual material can be used for backfilling during 
underground mining operations. 

To introduce the usage of crushing buckets in the oil shale 
industry, more tests need to be carried out to prove the use of 
crushing buckets improving the sustainability and economic 
benefits of oil shale mining. The amounts of extracted material 
in the oil shale mining sector are enormous and small models 
are not capable to meet the needs. ALLU, the producer of 
crushing buckets, is developing high-dimensional crushing 
buckets with bucket volumes almost up to 6 m³. These new 
crushing buckets meet the requirements and can be used to 
replace the standard buckets on underground wheel loaders. 

B. Enrichment unit 

The most important properties of the processed material are 
density and particle size. In order to provide proper 
stratification, the feed material has to include material with 
different densities. In this study, limestone and oil shale have a 
large difference in their densities – limestone is almost twice 
as dense as oil shale.  

The particles in the processed material have to be in similar 
size in order to gain satisfying results. This means a 
preliminary sieving has to be carried out before the enrichment 
process. Therefore it is necessary to sieve the material into 
fractions and enrich every fraction separately (Fig. 8.) to 
ensure proper feed material enrichment. 

As a result of the stratification process there will always be 
some layers which are still mixed with both limestone and oil 
shale. To separate the whole mixed sample material, several 
processes have to be carried out with the same sample patch 
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until the material is fully separated. There is always material 
loss in the enrichment processes, but our tests with the minijig 
show that a majority of mixed oil shale and limestone can 
indeed be fully separated. 

 

Fig. 8. Sieving for minijig 

It is possible to save up from the transportation of extracted 
mineral if the primary enrichment is done near the mining 
face. Introduction of the backfilling technology helps to 
reduce ground stability issues [12, 16, 23] and allows us to 
extract oil shale with smaller loss. It is necessary to proceed 
with the study in order to find optimal solutions of how and 
where to use crushing buckets. 

In the future we hope to assist in finding new methods to 
reduce the existing mining waste by selective crushing, mine 
oil shale with smaller losses and recycle mining waste (oil 
shale waste rock, limestone fines, etc). 

V. CONCLUSION 

In addition to oil shale, the main mineral resource, there are 
sufficient reserves of limestone and dolostone, peat, sand, 
gravel and clay in Estonia. 

Mining waste reduction methods include all mining 
processes from resource distribution to final yield in the plant. 
A cooperation project for comparing and testing possibilities 
of mine waste reduction has been set up to create a 
transnational network with regional networks. The activities 
carried out on the regional and transnational level will secure 
better access to knowledge, state-of-the-art technologies and 
good practice to small and medium sized enterprises active in 
the mineral waste management and prevention sector. The 
research study addresses all the waste management challenges 
and opportunities that face the mining industry of the Baltic 
Sea Region, which should be understood as an extension to all 
forms of extraction of natural non-renewable resources. 

In order to carry out this study, the Department of Mining 
has obtained pilot units – crushing bucket with mini wheel 
loader, sieving unit and enrichment unit. Tests with pilot 
equipment have shown that the equipment has potential usage 
in the Estonian mining industry and it is necessary to continue 
the tests to further improve knowledge about the possibilities 
for the pilot unit. 

Current directions of development include the replacement 
of standard buckets with crushing buckets in underground 
mining to reduce oil shale loss, enrichment of oil shale 
residual material to reduce mining waste, and producing 
profitable products using the separated limestone from oil 
shale waste heaps. 
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Efficient Heat Use from Biogas CHP Plants. Case 
Studies from Biogas Plants in Latvia 

Ilze Dzene1, Lasma Slotina2, 1-2Riga Technical University 

Abstract – This paper focuses on efficient heat use from biogas 
plants. It includes an overview about various biogas heat use 
options and specifically addresses biogas heat use market in 
Latvia. In the end three examples from typical agricultural 
biogas plants in Latvia and their heat use plans are described.  

 
Keywords – BiogasHeat, efficient heat use, biogas, Latvia 
 

I. INTRODUCTION 

In many European countries the production and use of 
biogas is increasingly recognized as a suitable and sustainable 
energy option in a renewable energy mix. Considerable 
developments were achieved in Germany, Austria, Czech 
Republic, and Denmark for the installation of agricultural 
biogas plants. Most plants produce electricity in combined 
heat and power (CHP) units. However, in many cases the heat 
from the CHP plant is not used efficiently. This inefficiency in 
energy use is a bottleneck in current biogas production, 
causing macroeconomic and microeconomic losses and 
challenges in an overall increasing land use competition [1]. 

The absence of heat consumers is mostly caused by the fact 
that biogas plants are located in agricultural areas, far away 
from densely populated areas. In Latvia some years ago the 
biogas sector started developing very rapidly. Biogas plants 
were able to qualify for the electricity feed-in tariff without 
any legal requirement to guarantee a certain efficiency level 
for the use of heat. Therefore the location of many biogas 
plants was not well planned and biogas plant operators do not 
have many options to find heat consumers in the vicinity of 
the plant. 

II. BIOGAS HEAT USE IN LATVIA 

Most of the biogas plants operating in Latvia are using 
biogas in CHP process thus generating both electricity and 
heat. Since only electricity is supported by the feed-in tariff, 
heat is considered as a by-product. Usually part of the heat is 
used on site to heat digesters and provide heating for farms 
and local buildings, but most of the heat is wasted. 

The existing regulatory framework has not been attentive to 
the heat use efficiency of biogas plants. Cabinet Regulation 
No.262 (feed-in tariff for electricity produced from renewable 
energy sources) [2] does not set any requirements for biogas 
operators to use heat efficiently. Most of the existing biogas 
plants are operating and receiving their feed-in tariffs under 
this regulation. There are no other incentives for heat use, e.g., 
heat premiums or bonuses.  

The only exemption is related to the feed-in tariff under 
Cabinet Regulation No.221 (cogeneration feed-in tariff) [3]. In 

order to comply with cogeneration definition and to receive 
rights to sell electricity within the mandatory purchase, biogas 
plant operators are required to prove useful heat use from their 
plant. In the evaluation criteria, operators can receive 
additional points, if at least 50% of produced heat energy that 
remains after the self consumption, is used effectively. 
Moreover, in order to qualify for the high efficiency CHP 
electricity feed-in tariff, the total CHP efficiency must be at 
least 75%. 

Rapid development of Latvia’s biogas market has brought 
more competition among biogas producers for the feedstock 
and has increased plant operation costs. More and more biogas 
plant owners realize that additional income from heat use 
would help improve the economic performance of their plant. 
Few biogas plants have found a solution for useful heat 
utilization, e.g., greenhouse heating or using heat in drying 
facilities.  

First attempts to use excess heat in district heating (DH) 
systems have been made. However, the cooperation between 
biogas plant owners and DH system operators is weak. DH 
system operators are not motivated to purchase cheaper heat 
from biogas plants because they are not allowed to increase 
their profit over 9%. Moreover existing regulations do not 
allow them to purchase third party heat at a price that is below 
the price of resources that is needed to produce this amount of 
heat energy. In fact, biogas operators are not allowed to sell 
their heat at a lower price even if it is considered the by-
product of a biogas plant. 

III. OPTIONS FOR HEAT USE FROM BIOGAS PLANTS 

A comprehensive overview on the options for the heat use 
from biogas plant is provided in the Handbook on 
“Sustainable Heat Use of Biogas Plants” [4] developed in the 
BiogasHeat project that is supported by the European 
Commission under the Intelligent Energy Europe program. 
The handbook was elaborated in order to provide an overview 
of different options for heat use of biogas CHP units. The 
handbook addresses current and future biogas plant operators 
as well as other interested stakeholders such as policy makers, 
investors and students working in the field of biogas. It 
provides general information on the characteristics of heat 
produced in biogas plants and focuses on general technical 
solutions for the efficient use of heat. 

Complementary to the handbook, the report on “Good 
Practice Examples for Efficient Use of Heat from Biogas 
Plants” [5] presents selected concepts and examples of 
existing biogas plants that already use waste heat. 

Biogas can be converted into heat, mechanical energy, and 
electromagnetic energy (light). Furthermore, it can be used as 

doi: 10.7250/iscect.2013.009



Environmental and Climate Technologies 

2013 /3_________________________________________________________________________________________________ 

46 
 

a chemical compound. Many different options exist for use of 
biogas ranging from very small applications to technically 
sophisticated installations [4]:  
 Lighting: in gas lamps; 
 Heating: in biogas burners, boilers, and gas stoves; 
 Drying: as a special form of heat use in charge driers, belt 

driers, feed-and-turn driers as well as in sorptive thermal 
storage systems; 

 Cooling: in absorption chillers; 
 Electricity: in gas engines (Pilot Injection Engines, Gas-

Otto Engines), fuel cells, micro-gas turbines, Rankine 
Cycles (CRC, ORC), Kalina cycles, Stirling engines, 
exhaust gas turbines; 

 Transport: in Compressed Natural Gas Vehicles as 
biomethane; 

 Energy storage: in dedicated biogas storage systems (low 
and high pressure; liquefied) or as biomethane in the 
natural gas grid in order to balance electricity and heat 
loads; 

 Natural gas substitute: upgrading to biomethane followed 
by injection into the natural gas grid. 

 
The use of heat from biogas plants faces different 

challenges, influenced by plant characteristics. Often biogas 
plants are located in remote areas with no heat demand. 
Furthermore, the amount and quality of produced heat is often 
not sufficient for larger industries. Therefore, niches have to 
be identified in which the heat could be used in the most 
efficient and profitable way. The following list shows 
important challenges which typically characterize biogas 
plants [4].  
 Seasonality: Less heat is needed for heating the digesters 

in summer. Furthermore, certain heating applications, e.g. 
of buildings, are only needed in winter. Thus, there is often 
a heat surplus in summer. 

 Remoteness: Especially agricultural biogas plants are often 
situated in remote rural areas where no heat consumers 
(e.g. small industries, public buildings) are located. 

 Heat quality and quantity: The installed capacity of typical 
agricultural biogas plants in Europe is about 500 kWth, 
which is too small for the use of heat by larger industries. 
Some industries require higher temperatures than the ones 
that can be provided by a biogas plant. 

 Economic risks: Biogas plant operators who “depend” on 
external heat consumers may face economic risks in case 
of changing demand. Long-term contracts can help to 
mitigate this risk. 

 High costs: Several options for using waste heat require 
additional equipment with high investment costs, for 
example the installation of ORC modules or the set-up of 
micro-heating grids. 

 Public acceptance and support: The set-up of new micro-
heating-grids is only possible if the heat demand is 
ensured, meaning that enough customers need to be willing 
to get connected. Furthermore, local administrations need 
to lend their support to allow the construction of micro-
heating-grids. 

 Fossil fuel prices: The use of waste heat from biogas plants 
has to be competitive with the prices of fossil fuels and 
other renewable energy sources. 

 
The use of waste heat from CHP units is a crucial factor for 

the economic and environmental performance of biogas 
plants. It has to be economically and technically feasible. If 
the application of a sound heat concept is not possible, other 
solutions such as upgrading and biomethane grid injection or 
the installation of biogas pipelines have to be considered. In 
many cases it is better to give up plans for a biogas plant 
project if no acceptable concept for heat use can be developed 
[4].  

If planned well and enough in advance, however, heat 
concepts can be developed for most biogas plants. The more 
flexible the framework conditions are, the more options for the 
use of waste heat are available. These framework conditions 
include conditions such as the location of the plant, potentially 
interested heat consumers, legal issues, liquidity, and others. 

The main product of biogas CHP plants is power which is 
usually fed into the electricity network. The main challenge is 
the sustainable use of the heat. It can generally be used 
directly for heating, but also for additional power production, 
cooling, or for drying (see Figure 1). 
 

 
Fig. 1. Simplified flowchart for the use of biogas [6] 

IV. CASE STUDIES FROM BIOGAS PLANTS IN LATVIA 

There are around 40 biogas plants currently operating in 
Latvia. Most of the plants are qualified for receiving the 
electricity feed-in tariff. Feed-in tariff in Latvia is given for 
the electricity that is generated from renewable energy sources 
(Cabinet Regulation No.262) and for the electricity generated 
in high efficiency CHP plants (Cabinet Regulation No.221). 
Biogas plant operators can choose under which regulation to 
apply. Most of the plants are operating under Regulation 
No.262 where efficient heat use is not a requirement. Plants 
that are operating under Regulation No.221 are subject to heat 
use efficiency requirements. 
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Biogas plants that were constructed without being obliged 
to use heat efficiently have already come to the point where 
efficient heat use is necessary for the overall economical 
feasibility of the biogas plant.  

Interviews conducted with biogas plant operators in Latvia 
during the BiogasHeat project [7] indicate that the only driver 
for introduction of heat use solutions at the biogas plant is 
economic. Biogas plant owners are thinking about how to use 
heat efficiently only because it has a great effect on the 
economical feasibility of the overall economics of the biogas 
plant. 

Main barriers for introduction of heat use solutions in 
biogas plants in Latvia are: 
 Higher investment costs for the biogas plant if heat use 

solution is constructed together with the biogas plant. 
 Since efficient use of heat is not required as an obligatory 

measure in legislation, putting additional investment into 
the heat use solution upon inception might be considered 
as an unnecessary extra cost (as well commercial banks 
might not be willing to add this extra costs to the loan). 

 In the beginning it is not clear how much gas will be 
generated under the real operation regime and accordingly 
it is difficult to predict the necessary parameters of the 
potential heat consumer. 
 

Existing biogas plant operators are appreciating more and 
more the necessity to find useful utilisation of heat and some 
good examples already exist. 

A. Case study 1: “Ekorima” biogas plant 

„Ekorima” biogas plant is located in Krimuldas region 
Lēdurgas district „Veckļaviņas”. The biogas plant is operated 
since 2012 with 0.95 MWel and 1.080 MWth installed capacity. 
It has two digesters and uses 32,000 tons of feedstock. As 
feedstock cow manure – 16,000 tons, maize silage – 15,000 
tons and grass silage is used. 16,000 tons of cattle manure are 
delivered daily from a neighborhood farm that produces milk 
and meat. Annual electricity production is 7,500 MWhel and 
annual heat production is 8500 MWhth. Electricity, which is 
produced by the biogas plant is fed into the electricity 
transmission and distribution grid. The heat is used for drying 
wood in drier and heating the cattle farm. Figure 2 shows 
firewood, which is prepared for the drying process. 

After the drying process, the firewood is packed and 
exported to several countries around the world. The drying 
process consumes 7,200 MWhth of total heat production. 

B. Case study 2: “Agro Iecava” biogas plant 

“Agro Iecava” biogas plant is located in Iecava „Latvall - 
Jaunlūči”. The biogas plant started operating in 2011 with 
power and heat capacity of 1.95 MWel and 2.48 MWth, 

respectively. The biogas plant has input of 25,000 tons of 
grass silage, 20,000 tons of poultry manure and grass, residues 
from dairy and grain. In 2012, the biogas plant generated 
14,040 MWel of electricity [8]. Electricity, which is produced 
by Agro Iecava is fed into the electricity grid. The use of heat 
that has been produced in the biogas plant for external 
purposes started in November 2011, when the biogas plant 
owner installed a biogas pipeline from the plant to the 

residential area Iecava. This way it was possible to use heat 
from biogas plant in the district heating system of Iecava 
village. In 2012 more than 8,190 MWhth were sold to the 
district heating consumers.  As a result of the use of biogas, 
the heat tariff for residents was reduced by 17%. The new task 
of the biogas plant operator is to find heat use for the surplus 
heat in summer when the heat demand of the district heating 
system is very low. Currently there is a plan to use heat for 
drying. 
 

 
Fig. 2. Firewood, which is ready to drying process  

C. Case study 3: “Bio Ziedi” biogas plant 

“Bio Ziedi” biogas plant is located in Dobele region Dobele 
district Aizstrautnieki „Kalna Oši” and has been in operation 
since the beginning of 2011. The photo of the biogas plant is 
provided in Figure 3. 
 

 
Fig. 3. „Bio Ziedi“ biogas plant  

The biogas plant uses 54,500 tons of feedstock, which 
consist of cow manure, grass and corn. Cow manure is daily 
delivered from a farm located in the vicinity of the biogas 
plant. The farm breeds 2,300 cows. The capacity of the “Bio 
Ziedi” biogas plant is 1.98 MWel and 4 MWth. Around 16,000 
MWhel of electricity is generated annually. Electricity is fed 
into the general transmission and distribution grid. Annual 
heat production is 32,000 MWhth. Currently it is used to heat 
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digesters and the farm. In the future there is a plan to also use 
heat for heating a cannery and aquaculture. 

V. CONCLUSIONS 

Lately, biogas technology is one of the most actively 
developing technologies in Latvia. In comparison with ten 
years ago, the technology has rapidly entered the market. In 
Latvia this technology is already over the pilot stage and now 
there is experience and knowledge, which is an important 
factor in making it possible to review and draw analysis from 
this experience. 

Accumulated experiences show that biogas plant operators 
have underestimated the expected biogas outcome and many 
plant operators have faced a problem that the actual biogas 
amount is far less than desired. The installed capacity also 
should have been chosen more carefully at the design stage 
and based on more realistic assumptions. 

Economical drivers are most important for the biogas plant 
owners. Heat use solutions will be implemented only when it 
will be economically feasible and will bring additional benefit 
for the overall economical feasibility of the biogas plant. 
When heat use requirements are defined by the legislation, it is 
easier to justify higher initial investment required for building 
the biogas plant with already integrated heat use concept. 
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Design of a Support Program for Energy Efficiency 
Improvement in Latvian Industry 

Kristīne Dobrāja1, Līga Ozoliņa2, Marika Rošā3, 1-3Riga Technical University 

Abstract - The aim of this paper is to assess the voluntary 
agreement for increasing energy efficiency in industry of Latvia 
and provide recommendations for more effective implementation 
in the future. Energy efficiency in Latvian industry and data 
monitoring of the CCFI (Climate Change Financial Instrument) 
subprogram "Complex solutions to reduce greenhouse gas 
emissions in production facilities” is analyzed. An evaluation of 
the voluntary agreement is given and outlines suggestions for 
more effective implementation of the Latvian program to achieve 
the defined energy reduction targets for industry.  

 
Keywords –energy efficiency, Latvian industrial sector, 

voluntary agreement 
 

I. INTRODUCTION 

One of the biggest energy consumers in the world is the 
industrial sector. Energy efficiency has an important role to 
improve environmental sustainability, energy security and 
economic indicators in the industrial sector. It is possible to 
stimulate and promote policy-makers to make decisions that 
promote energy efficiency improvements by introducing 
energy efficiency policy. According to the European Union 
(EU) directives on energy efficiency, Member States are 
required to introduce measures that increase energy efficiency.  

Energy efficiency can be promoted through a variety of 
instruments and measures in the industrial sector such as 
voluntary agreements with industry associations, tax 
incentives for particular industries, cooperation/programs, 
emissions trading, energy consumption reduction targets, 
energy audits, subsidies, tax concessions, etc. 

Energy-saving target of Latvian industrial sector as well as 
the energy efficiency measures to achieve the target is defined 
in the First Latvian Energy Efficiency Action Plan (NEAP). 
Additional measures to fulfil the aim for industry were 
included and described in the Second NEAP of Latvia and 
they are as follows: Complex solutions to reduce greenhouse 
gas emissions in industrial buildings (The Climate Change 
Financial Instrument (CCFI)), the voluntary agreement for 
energy efficiency improvement by supporting industrial 
energy audits and energy management systems for companies.  

The CCFI sub-program "Complex solutions to reduce 
greenhouse gas emissions in industrial buildings" is one of the 
main measures to achieve the energy-saving target of the 
Latvian industrial sector. Therefore, it is important to evaluate 
the sub-program and to find the solutions on how to improve 
the energy efficient measures. It could be possible to come 
closer to the target of 2016 and 2020 by evaluating and 
improving the program.  If the target for the industrial sector 
will not be achieved with the CCFI sub-program, it is 

necessary to introduce the second measure in the form of a 
voluntary agreement which was set in NEAP. 

The voluntary agreement program for companies 
“Regulations Regarding the Procedures for Entering into and 
Supervision of an Agreement Regarding Energy Efficiency 
Improvement” in Latvia entered into force on 15 July, 2011. 
However, the current situation shows that the voluntary 
agreement program is not designed completely and 
complications may occur if the program is operating in 
practice. The Ministry of Economy is responsible for the 
program.  

Therefore this paper presents an insight of energy efficiency 
in the Latvian industrial sector and an evaluation of the CCFI 
sub-program "Complex solutions to reduce greenhouse gas 
emissions in industrial buildings" and the existing voluntary 
agreement program. In the conclusions, the suggestions and 
proposals for effective implementation of the program in 
Latvia are presented.  

II. ASSESSMENT OF ENERGY EFFICIENCY IN LATVIAN 

INDUSTRIAL SECTOR  

The industrial sector is the third largest energy end-
consumer in Latvia. The energy consumption of the industrial 
sector on average is 32 PJ/year over the last 5 years. The 
implementation of energy efficiency measures will lead to 
reduction of energy consumption in Latvian industry. 
Therefore it is essential to look at the breakdown of the sector 
as well as the number and size of enterprises and their energy 
efficiency performance [1]. 

A. Breakdown of industry sector 

Industrial sector is divided into three sub-sectors: mining 
and quarrying, construction and manufacturing. Each of the 
sub-sectors includes a variety of industries that are classified 
taking into account the NACE Rev. 2 classification [2]. 

According to the Central Statistical Bureau of Latvia, there 
were 15 106 economically active statistical units (self-
employed persons, commercial companies, sole 
proprietorships, agricultural and fishing farms) in industrial 
sector in 2010. In total 7 881 are representing the 
manufacturing industry, 7 015 construction and only 210 
mining and quarrying. In this paper the main focuses on direct 
enterprise activities - commercial companies. An enterprise is 
considered any economic activity subject, regardless of its 
legal form [1, 3]. 

According to the Central Statistical Bureau of Latvia, the 
number of enterprises and distribution by the size group in 
2010 are represented in Table I. 

doi: 10.7250/iscect.2013.010
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Micro, small and medium-sized enterprises (SMEs) play a 
vital role in the economy. However, they are often confronted 
with shortcomings by affecting the development of production 
which results in reduced access to new technologies and 
innovations. Therefore, SMEs should be supported to promote 
the development of industrial growth [6]. 

TABLE I 

DISTRIBUTION OF COMMERCIAL COMPANIES IN MINING AND QUARRYING, 
MANUFACTURING AND BUILDING SECTORS DOWN BY SIZE GROUPS [3] 

 Mining and 

quarrying 
Manufacturing Construction sector 

Micro 122 4260 4507 

Small 48 1364 1081 

Medium 7 418 218 

Large 2 59 20 

Total 179 6101 5826 

B. Energy consumption in Latvia 

The Latvian industry, including construction, mining and 
manufacturing, consumes around 18% of the final energy 
consumption in Latvia (Fig. 1) [1]. 

 
Fig. 1. Final energy consumption in sub-sectors in 2010 [1] 

Out of 32 PJ, around 89% of energy resources are 
consumed by the manufacturing industry. Therefore, there 
should be more attention paid to the processing industry. It is 
important to determine what amount of energy is consumed to 
produce a certain unit of production, and how effective is that 
production [1]. 

C. Energy efficiency policy in the industrial sector 

The first official document which was attributed to the 
improvement of energy efficiency in the Latvian industrial 
sector was the First Latvian Energy Efficiency Action Plan 
2008 - 2010 followed by the Second Latvian Energy 
Efficiency Action Plan 2011 - 2013. Developing the First and 
Second NEAP the target was set as 159 GWh energy savings 
in the industrial sector by 2016. The target 159 GWh is around 
2% of the final energy consumption in the industrial sector. 
The greatest emphasis in the First NEAP is put on the 
dissemination of information on energy efficient lighting and 
technologies instead of on the promotion of real energy-
reduction measures such as energy-efficient equipment and 

energy management system implementation. It was concluded 
that energy savings in the industrial sector was not achieved 
by developing the Second NEAP [1, 3, 7].   

III. EVALUATION OF THE SUB-PROGRAM OF THE CLIMATE 

CHANGE FINANCIAL INSTRUMENT 

The sub-program “Complex solutions to reduce greenhouse 
gas emissions in industrial buildings” is granted financial 
support for energy efficiency measures. It aims to reduce 
greenhouse gas emissions, improve energy efficiency in 
industrial buildings and industrial technologies (equipment).  

The total planned energy reduction within this program is 
159 GWh until 2016. In total 49 contracts were signed for the 
renovation of industrial building during the project. At the 
moment the energy efficiency measures have been 
implemented only in 39 enterprises. The indicator for the 
project evaluation to obtain the support was set as CO2 
emissions per kg of project eligible costs (Ls). The project 
activities were aimed at improving energy efficiency in the 
industrial sector which would be in the form of investments to 
improve energy efficiency in manufacturing processes or 
energy management systems. The co-financing was granted 
for industrial building renovation (insulation) despite the 
generally accepted energy performance conditions. From this 
it can be concluded that the project activities were more 
focused on building energy efficiency policies rather than on 
the main aspects of energy efficiency in the industrial sector 
[7, 9, 10]. 

A. An evaluation of the first monitoring period  
During 2012 there was a evaluation of the CCFI sub-

program “Complex solutions to reduce greenhouse gas 
emissions in industrial buildings”. The evaluation was based 
on the monitoring results to find out the total energy made as a 
result of  implementing the subprogram [10]. 

The first monitoring report was for the period from 1st 
September 2011 to 31st December 2011, and the reports had to 
be submitted until 31st January 2012. Contacting the Latvian 
Environmental Investment Fund (LEIF), which is the 
responsible organization for the monitoring of CCFI, it was 
discovered that only four out of 48 monitoring reports were 
submitted by February, 2012. It appears that five enterprises 
had refused to participate in the subprogram. Consequently, 
only 43 enterprises were involved in the subprogram. The total 
energy savings would be only 29 GWh achieved by 2016 if all 
43 enterprises will fulfill all the energy saving measures that 
were calculated in the energy audits. The expected energy 
savings were 34 GWh if all the 48 enterprises fulfill all the 
energy efficiency measures. The evaluation of four monitoring 
reports concluded that only two enterprises had decreased 
energy consumption and only one of them can be taken into 
account. Further research was based on A/S "Rigas Piena 
Kombinats" (milk product producing company) monitoring 
data where 72.8% of the expected energy savings per month 
were reached. Based on these data it was assumed that the rest 
of the enterprise will also reach around 73% of energy 
savings. That means the total energy savings would be only 21 
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GWh in 2016 which would be only 13% of energy savings 
that were set in the First NEAP [10]. 

B. An evaluation of the first full monitoring period 
Once again contacting with LEIF in April, 2013, it was 

ascertained that only 11 enterprises out of 37 submitted 
monitoring reports for the period from 1st January 2012 to 31st 
December 2012. The monitoring reports had to be submitted 
on 31st, January 2013, and eight of eleven monitoring reports 
were approved. The other three were re-examined and revised. 
Currently there are 39 enterprises from 48 that have 
participated in the sub-program and have completed or almost 
completed the projects. Consequently, the total energy savings 
may change compared to calculations after the first period of 
monitoring. The calculated energy savings could vary based 
on the fact that the monitoring reports of 2011 were only for 
three months and implemented energy efficiency measures 
had not yet shown their full potential [9]. 

C. Energy savings for the year 2012 

The evaluation of the second monitoring period was based 
on the results of eight monitoring report data in order to 
evaluate the obtained energy savings by implementing the 
CCFI subprogram (see Table I). There were shortcomings 
identified in the achieved energy savings in one of the eight 
monitoring reports, therefore only seven monitoring reports 
are discussed further. 

As can be seen in Table II, the enterprises which had 
submitted their monitoring reports for the full year have 
achieved energy and CO2 emission savings. It should be noted 
that most of the implemented measures are related to energy 
efficiency in industrial buildings, respectively - building 
insulation. Only two of seven monitoring reports include 
information on energy efficiency measures for the change of 
manufacturing equipment.  

It can be observed that enterprises have been able to meet 
and exceed the energy and CO2 savings compared with the 
planned (Fig.2., Fig.3.). 

The enterprises which submitted their monitoring reports 
for the full year have achieved energy and CO2 emission 
savings. The average difference between planned and achieved 
results of CO2 emission savings is ~55% greater than expected 
between 7 companies. The average energy savings between 7 
enterprises is ~50% more than planned. Changes in the 
volume of production could be one of the explanations for the 
big difference between planned and achieved energy savings, 
because in the monitoring reports the volume of production 
was not required. Declining manufacturing amount causes 
reduction of energy consumption and CO2 emissions which is 
not associated with a reduction of energy by introduced energy 
efficiency measures. The changes in the volume of production 
should be taken into account to accurately determine the 
energy savings through energy efficiency measures.  

TABLE II 

REVIEW OF ENERGY SAVINGS IN THE 2012 PERIOD  

No. The name of the beneficiary Measures to increase the energy efficiency (EE) The achieved energy savings (MWh) Reduction of CO2, t 

1 
Ltd. "TTS-AVIO" 

EE improvement of industrial buildings and 
technological equipment 784,273 168,13 

2 Ltd. "MAGNAT 

PROJECT 

MANAGEMENT" 

Improving EE in the building manufacturing 1837,739 602,55 

3 Ltd. "KMM Metāls" Improving EE in the building manufacturing 472,851 95,043 

4 Ltd. "ZETA" Improving EE in the building manufacturing 972,341 256,698 

5 Ltd. "NORDIC PLAST" 
Reconstruction of processing line - EE 

improvement 1330,34 528,14 

6 Ltd."4 PLUS" Improving EE in the building manufacturing 562,113 159,132 

7 Ltd. "FIRMA JATA" Improving EE in the building manufacturing 117,557 31,035 
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Fig. 2. Comparison of CO2 emissions saving 

 
Fig.3. Comparison of energy saving 

Furthermore, controls of the energy audits which were 
conducted before the implementation of energy efficiency 
measures were not carried out. It was not assessed how 
optimal and necessary are the measures and estimated energy 
savings. Differences between planned and achieved energy 
savings are usually ~10%. It would be necessary to analyze 
energy audit data and monitoring reports again in cases 
where the difference between is 3-5 times more. Data with 
wide variations is not appropriate for further use because it 
does not present objective results of effectiveness in a 
particular case. Thus it can be concluded that from the seven 
submitted monitoring reports for future research would be 
useful only three reports, where the difference between the 
planned and actually achieved energy savings is in the range 
of 6-12%. 

D. The current energy savings by implementing projects 
The changes in energy savings compared to the energy 

saving target in the Second NEAP within the CFFI sub-
program are shown in Figure 4 [1]. 

 
Fig. 4. Planned energy savings in the Second NEAP and the total planned 
energy savings in CCFI subprogram by 2016 [1] 

The initial estimated energy savings were 34 GWh if 
48 enterprises implement all that was planned. Consequently, 
in 2012, 43 enterprises were involved in the subprogram. The 
energy savings of 43 enterprises could amount to 29 GWh. 
At the moment, the project is implemented and 
completed/almost completed in 39 enterprises, and the 
planned energy savings has reached only 28.1 GWh. There is 
still necessary 130.9 GWh energy savings which is 82% of 
NEAP the target. This shows that it is necessary to introduce 
the second measure - voluntary agreement. 

IV. VOLUNTARY AGREEMENT AS AN ENERGY EFFICIENCY 

SUPPORT POLICY INSTRUMENT  

Voluntary agreement is a long-term policy planning 
instrument for potential detection which is widely and 
successfully implemented in industry thoughout Europe. The 
Directive 2012/27/EU of the European Parliament and 
Council on energy efficiency have been attributed to the 
industrial sector. In the Directive 2012/27/EU, the attention 
is paid to ensure access to high quality energy audits for all 
end users. The Directive is promoting the factor to develop 
support programs for industry in European countries [12].  

A. The key conditions of the development of voluntary agreement 

By developing voluntary agreement it is necessary to 
evaluate the aims of the program aims and define execution 
tasks that promote achievements during the implementation 
phase. Specific and direct target definition promotes a 
positive end result. The choice of energy efficiency 
indicators is very important. Properly selected indictors can 
provide information to reach conclusions on whether the aim 
has been achieved, how far it is to attain the end. The 
indicator is a defining role. Best results can be obtained by 
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selecting appropriate indicators. It is important to assess the 
potential benefits of reaching the goal and to know the cost 
efficiency during the program design stage. It is important to 
know how much capital is invested and how much of the 
invested money results in energy savings. The main 
participants in the program are: administrator, programs 
agent, the auditor, the client. The administrator is the creator 
of the program, most often energy department in the 
government. The program agent is responsible for the actions 
of the program and which is controlled by administrator. The 
auditors carry out energy audits and have the closest 
relationship with the customers. Usually auditor or client 
submits the energy audit to program agent [11]. 

Scandinavian countries - Sweden, Finland, Norway – have 
extensive experience in the development of voluntary 
agreements. Evaluating the Swedish, Norwegian and Finnish 
experience, one can observe some similarities between the 
three countries. All programs have state subsidised, one of 
the target groups were industrial enterprises and the 
agreement program was based on the principles of long-term 
agreements [11, 13, 14]. 

Comparing the costs effectiveness of the national energy 
efficiency programs, the most effective has been Energy 
audit program that was introduced in Finland. The cost-
effectiveness of the program was 0.009-0.011 eurocents/MJ. 
It was noted that one of the success factors was the proper 
subsidies (40-50%) as well as the current situation in the 
country (companies wanted to reduce the cost of energy 
audits; many consultancy firms were looking for new job 
opportunities) contributed the effective action. The starting 
phase of the program where marketing activities (seminars, 
lectures) were carried out for the enterprises to provide 
information on options of the program was very important 
for the successful implementation of the program. This 
function was conducted by government agency Motiva. At 
the same time two more programs were implemented - 
Voluntary agreement and Energy Service Company 
Program. These programs contributed companies to join the 
Energy audit program. This is the reason why it is difficult 
to distinguish each of the programs to know the exactly 
obtained energy savings for each program separately. 
Certified energy auditors and controls of energy audits 
provided quality results of energy audits and introduced 
energy efficiency measures were appropriate so the energy 
saving was achieved [14]. 

Evaluating the progress of implementation of the program 
in Norway, it was recognized that the beginning phase of the 
program was very successful and a large number of 
enterprises that wanted to participate in the program were 
attracted. The program was divided into two parts which 
were co-financed activities - energy management activities or 
in-depth research and advice on energy saving. Enterprises 
were able to apply and evaluate which of the proposed 
activities would be most appropriate for the enterprise. The 
positive fact of the program is the number of enterprises that 
were involved in the program. 63% of Norway's industrial 
sector enterprises were involved in the program. Participants 

of the program had a common website where it was possible 
to enter data and to compare energy savings with other 
enterprises that are in the same industry by using the 
benchmark method. There was achieved 6 PJ/year energy 
savings which is approximately 2% of the annual energy 
consumption in the industrial sector in Norway. Overall cost-
effectiveness was estimated to be 0.01 – 0.03 eurocents/MJ. 
One of the success factors was the number of professional 
energy auditors. There were more than 80 energy auditors 
involved. The participants admitted that the program has 
improved their knowledge of energy efficiency measures and 
their implementation according to surveys that were carried 
out in the enterprises [14]. 

There was no energy efficiency program that was applied 
to SMEs until 2010 in Sweden. For this reason the Swedish 
program was based on the experience from the programs 
already implemented in Norway and Finland. The program 
was based on partly subsidized energy audits with long-term 
agreement elements. There were successfully selected 
subsidies which were 10% of annual energy costs in the 
enterprise. This was the optimal size that prompted 
companies to take part in the program. The energy savings 
were 700-1400 GWh/year. All the energy savings measures 
were not introduced. As a result cost-effectiveness was only 
0.28 eurocents/MJ. If all energy efficiency measures were 
implemented cost-effectiveness would have been half of 
that – 0.14 eurocents/MJ [11]. 

B. Voluntary agreement in Latvia 

 Voluntary agreement as a measure to reduce energy 
consumption in industry was included in the Second NEAP. 
The Cabinet of Ministers Regulation No. 555 “Agreements 
on Energy efficiency, promoting energy audits and energy 
management systems in industrial enterprises” entered into 
force on 15th July, 2011. The agreement duration is five years 
(2011 - 2016). The aim of the agreement is to achieve at least 
10% energy savings in the industrial sector, manufacturing 
sector or local authority. The voluntary agreement is 
concluded between the Ministry of Economy and 
associations of industry or individual industrial enterprises or 
local authorities. Each of the program participants need to 
create the Energy Efficiency Action Plan where energy 
reduction targets and planned energy efficiency measures are 
set. Each year the participants need to submit the monitoring 
report on the achieved results during the previous year to the 
Ministry of Economy. Effective development of agreement 
program and results would bring closer to the target of 
industrial sector that is ~2% of the Latvian energy 
consumption in the industrial sector achievement. The 
developed Latvian program does not determine co-financing 
for energy audits or energy efficiency measures. Evaluating 
the experience of other countries it can be concluded that the 
Latvian program is not fully developed and the energy saving 
target for industrial sector more likely will not be achieved 
[1, 7, 8]. 

Agreement program is based on a clear and specific goal. 
Neither the base year nor the future target which is to be 



Environmental and Climate Technologies 
 

2013 / 3__________________________________________________________________________________ 

54 
 

achieved through the implementation of this regulation is 
defined. The responsible institutions and participants of the 
agreement program are also not defined – administrator, 
programs agent, the auditor, the client. The creator of the 
program is the administrator. The Ministry of Economy is 
the administrator in this case. Program agent who is 
responsible for the actions of the program is not mentioned. 
If the responsibility is not divided it may result in inefficient 
operation of the program. Therefore it would be necessary to 
clarify and distinguish the roles for each in the program. Not 
much attention is paid to marketing activities in the Latvian 
agreement program. There is only mentioned that the 
Ministry has the task to publish on the website in the official 
publication “Latvijas Vēstnesis”. There would be call to 
industry associations, enterprises or local authorities to 
conclude a bilateral agreement with the Ministry in its 
website on the internet. This is the only marketing activity to 
promote the agreement program. Given that there is no 
experience of implementation of the voluntary agreement in 
Latvia, then it is new for enterprises in Latvia. This is the 
reason why there should be more attention paid to organizing 
marketing activities as it was in case of Finland and Norway. 
Public awareness - seminars, discussions, contacting with the 
media and enterprises, is very important for successful 
implementation of a voluntary agreement program. There is 
no state financial support - subsidies - mentioned in the 
Cabinet of Ministers’ Regulation [8]. 

C. Improvements of Latvian voluntary agreement 

Latvian agreement program must be based on the 
principles of long-term agreements which would stimulate to 
achieve successful results of the program [11]: 
 Energy Efficiency Action Plan; 
 Publication of the results of energy audits; 
 To submit monitoring reports at the end of the program. 

An agreement program should be made like a system with 
components. The components move towards the system to 
the certain direction and stimulate to achieve the target of the 
program. The components are subordinate 
activities/instruments that contribute to the achievement of 
results (Fig. 5.). 

 

 
Fig. 5. The components of voluntary agreement. 

A system should be created to manage the program and 
the responsible institutions for the successful introduction, 

implementation and achievement of results. While setting the 
target, there should be an evaluation on what the target 
should apply, which will be the clients - whether small and 
medium-sized industrial enterprises or large industrial 
companies or all enterprises in the industrial sector. It is 
possible to predict the optimal number of participants and to 
predict the desired results by identifying the target group. 
Stable and specific control mechanism promotes to achieve 
the program's objectives. The introduction of subsidies is an 
economically stimulating tool that will increase the number 
of program participants and the successful introduction of the 
program and its implementation. 

D. Development of the target 

The Cabinet of Ministers’ Regulation No.555 states that 
the aim of the program is to reach at least 10% energy 
savings in the industrial sector, industry or local authority. In 
case of Latvia a focus group would be required for the 
development of the target. The focus group should consist of 
experts and specialists in industrial energy efficiency field as 
well as sectoral associations/organizations [8].  

Each of the agreement program participants will need to 
develop their own energy efficiency action plan. If the whole 
program has an unclear target, then the participants will have 
problems to develop certain action plans. If from the 
beginning the program has a concrete goal, then it will be 
easier for the enterprise to define its target in the specific 
situation [1,11,14]. 

Specificity is one of the well - established provisions of a 
target. Specific purpose can be developed by using the 
SMART target concept. The target should be specific, 
measurable, appropriate, realistic, and time-bound [15]. 

Specific. There should be chosen the client of the program 
during the target developing phase. At the moment the 
program is for industrial sector, industry or local authority. 
Each of them should have its own target because both energy 
consumption and processes that are related with energy 
consumption differ. If the program is concentrating on 
industrial enterprises the energy savings that could be 
achieved if the all participants in the program achieve 10% 
energy savings should be clarified. The target should define 
the optimal number of the enterprises that should be involved 
in the agreement program to achieve the target. For example, 
during the Norway agreement program there were involved 
63% of Norwegian enterprises of the industrial sector which 
amounted about 2% of the energy savings from energy 
consumption in the industrial sector [1, 13]. 

Measurable. The energy consumption in the enterprises 
should be known in order to make the target measurable. 
Therefore there should be data collection to get to know the 
primary energy consumption. If the target is set 10% energy 
saving of "X"% of industrial enterprises by summarizing 
collected data after implementing agreement program it 
would be possible to determine the results of the program. 

Appropriate. The set target 159 GWh energy savings of 
industrial sector (2% of annual energy consumption in the 
industrial sector) is appropriate. According to other country 

Target

Creation of the 
system

Control 
mechanism 

Subsidies

Enterprises
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experience 2 % of annual energy consumption in the 
industrial sector is achievable. At the moment there is still 
need of 130.9 GWh energy savings which is 82% of the 
industrial sector target [1, 13]. 

Realistic. It is realistic to achieve 10% of energy savings 
in each industrial enterprise that participate in an agreement 
program. There should be focus on a number of the 
enterprises that participate in the agreement program if the 
energy saving target is only 10% of energy savings in the 
industrial enterprise. Attracting a greater number of 
industrial enterprises would promote energy efficiency in the 
industrial sector and the awareness of the possible measures 
in the industrial enterprises would increase.  

Time-bound. The agreement programs usually last 4 – 
15 years referring to the experience of other countries. Now 
the target was set until 2016. The current situation already 
shows the target will not be achieved until 2016. It could be 
possible that during 2014 the Latvian agreement program 
will be improved. The program could be introduced starting 
with 2015 and the first energy savings could be reached 
between 2016 - 2017. It should be taken into account that the 
program would not show the real potential during the first 
two years. The agreement program must be a long-term 
program to achieve the planned results. The agreement 
program would be possible to implement not less than in 5 
years. The set target could be achieved after 2016, if it is 
considered that the program is introduced in 2015.  
 If the SMART target concept is used to define the target 

then it could be defined as follow:  Achieve 10% of 
energy savings in "X"% of the industrial enterprises 
during the period 2015 – 2020. 

E. The system and control mechanism of the program 

Administrator and agent of the program. The main 
responsible party of the program – the program administrator 
– is the Ministry of Economy. The program agent is not 
mentioned in the Cabinet of Ministers’ Regulation No.555. 
The agent has one of the largest roles during the 
implementation of the program referencing to other country 
experience. Norway, Sweden, Finland had government 
agencies or specifically set up organizations that fulfilled the 
agent function. There also should be set up an agency or 
organization in Latvian case. If there an organization or 
agency is not set up, a situation can arise where the roles in 
the program is unclear. This kind of situation was in Norway. 
The roles and responsibilities were not clearly defined. As a 
result an organization Enova was introduced. The Latvian 
program agent could also be responsible for marketing 
campaigns to promote and introduce the public to the 
agreement program. Seminars and lectures for the potential 
program customers would introduce with the predictable 
results and cost effectiveness. It is important to contact with 
the media and disseminate the information about the 
agreement program [11, 13, 14]. 

The agent is responsible for coordinating collection and 
compilation of the monitoring data. Communicating with 
enterprises is essential. Additional reviews if monitoring data 

is collected would promote effectiveness of the program. 
That would avoid the situation that the monitoring reports are 
not submitted on time. Creating a web page would allow 
companies to submit monitoring reports at a distance and the 
supervision of the program would be easier.  Such a site 
would enable enterprises to compare their data with others 
and that would create positive competition to reduce energy 
consumption. 

The following should be implemented to complement the 
supervision of the program [11]: 
 controls of the carried out energy audits and compliance 

of the results and energy efficiency measures; 
 stricter control of monitoring data collection introducing 

controls twice a year; 
 if the monitoring data is not submitted the agreement is 

not only broken but also there should be impose penalties  
 if the energy savings are not achieved there should be 

penalties as well –  the subsidies must be returned to 
program administrator. 

 
The agent could be the Latvian Environmental Investment 

Fund, Latvian Energy Agency, Riga Energy Agency, 
Regional Energy Agency of Zemagale, or any other newly - 
formed organization/agency with specialists whose expertise 
is energy efficiency in the industrial sector. 

Regional energy centres/energy agencies should be 
involved to run the program more effectively and to facilitate 
the responsibilities for the agent program. This was the 
experience practised  in the Scandinavian countries. Support 
centres provide better communication between the main 
program representatives and the clients of the program. 
Existence of the centres is crucial to improve the visibility of 
the program in the outermost regions of Latvia [11, 13, 14]. 

Energy auditors. If the defined aim is to promote energy 
audits in the industrial sector then respectively there should 
be ensured the availability of energy auditors. For example, 
Finland has great experience in energy auditor training and 
certification. The certification was made especially for the 
agreement program. There were still differences between the 
quality of the energy audits despite the fact that all energy 
auditors had the same examination to receive the certificate. 
To minimize the difference there were inspections of the 
energy audits carried out to stimulate energy auditors to 
perform energy audits in the highest possible quality. There 
should be an attempt to implement this practice in Latvia. 
Only high-quality energy audits succeed with effective 
results. The agent could be responsible for the training and 
certification of energy auditors and control of energy audits 
[14]. 

F. The program client 

If the program is concentrating on industrial enterprises, 
then it is necessary to know the positional number of clients 
to reach the target. The total number of industrial enterprises 
in 2010 in mining and quarrying and manufacturing was 
6280. The energy consumption was 28.8 PJ/year which is ~ 
90% of energy consumption in the industrial sector [1, 3].   
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 In total 11 Latvian industrial enterprises are included in 
the emissions trading system (ETS). The consumption of 
these enterprises is ~ 5.6 PJ / year. Therefore they should be 
covered by the voluntary agreement programme. Thus the 
total number of enterprises that may be involved in the 
agreement program is 6269 enterprises whose energy 
consumption is 23.2 PJ [7]. 

By evaluating CCFI implemented subprogram, it can be 
concluded that the energy savings from implementing 39 
projects is 28.1 GWh if all enterprises reach their expected 
energy savings. 

	 23.2 0.1 23.1	  (1) 

Qpossilbe–the possible energy consumption of the enterprises 
that are the potential agreement program clients (PJ); 
Q-energy consumption in mining and quarrying and 
manufacturing industry without enterprises that are under the 
ETS (PJ); 
QCCFI–energy savings by implementing CCFI subprogram 
(PJ). 

 
Consequently the energy consumption in manufacturing 

and mining and quarrying industry is ~23.1 PJ.  
The required energy savings to reach the set target of the 

Second NEAP is ~ 126 GWh, which is 0.46 PJ. 20% of 
energy consumption in manufacturing and mining and 
quarrying industry is 4.62 PJ which is about 1 254 
enterprises. 

.
	 	

.
4.62	  (2) 

Qopt–the optimal energy consumption in enterprises that 
could be involved in agreement program (PJ); 

 
These enterprises should be involved to achieve the 

Second NEAP target. The enterprises should achieve at least 
10% energy savings that deals with ~0.462 PJ.  

. 	 . .
0.462	  (3) 

Qagreem-energy savings by implementing agreement program 
(PJ); 

 
Involving 20% of the manufacturing and mining and 

quarrying enterprises it would be possible to achieve the 
specified energy saving target [1, 7, 10]. 

It can be concluded that the target of the voluntary 
agreement program could be as follow: achieve 10% energy 
savings of 20% manufacturing and mining and quarrying 
enterprises during the period from 2015 to 2020. 

G. Subsidies 
The size and type of subsidies. Financial support is needed 

to achieve effective delivery. Partially subsidized energy 
audits (40-50%) as well as partially subsidized (10-20%) 
energy efficiency measures have shown the most positive 

results. Enterprises are motivated to invest in energy 
efficiency measures if the costs are partially subsidized and 
the payback time is 2-5 years. Therefore the assessment of 
the current situation in Latvian industry of what kind of 
subsidies should be granted is needed [13, 14]. 

Taking the Swedish experience, subsidies were granted to 
enterprises to carry out energy audits. The subsidies were 
granted to enterprises with an electricity consumption above 
500 MWh/year. The cost of energy in the enterprises was 
estimated at the average cost of electricity 40 euro/MWh. If 
the electricity consumption is 500 MWh/year then the cost is 
20 000 euro/year. The size of the subsidies was estimated 
based on the cost of electricity per year which was 10% of 
the annual cost. Cases where the enterprise consumes 
500 MWh/year the resulting subsidies amounted to 2 000 
euro. This is roughly equivalent to the cost of energy audits 
for the industrial enterprise [34]. 

If the amount of the subsidy is calculated according to the 
Swedish example, then the current electricity prices in Latvia 
should be taken into account. The electricity tariff without 
VAT in 2012 was [47]: 
 83.86 eiro/MWh – large consumers; 
 109.18 eiro/ MWh - SMEs. 
 
If the electricity consumption of the enterprise is 

500 MWh/year, then the average electricity costs account for 
54 780 eiro/year. 10% of the energy costs would be 5 478 
eiro. If it is assumed that there will be subsidized energy 
audits then there should be set rules on the next steps after 
carrying out the energy efficiency measures presented in 
energy audit. The enterprise should choose 2-3 most cost-
effective energy efficiency measures that will achieve 10% 
energy savings. Costs of energy efficiency measures should 
be funded by the enterprises. 

In Finland there were two options for subsidies: 40-50% 
of the energy audit costs or 10-20% from costs of 
implementation of energy efficiency measure. In the first 
option the requirement for the enterprises was to carry the 
cost-effective measure. In other case the costs of energy 
audit were funded by enterprises [14]. 

Very often the energy efficiency measures are not the 
priority. Choosing subsidies for the implementation of 
energy efficiency measures would increase the number of 
involved enterprises. Subsidies for the energy efficiency 
measures would promote to carry out energy audits which 
are one of the objectives of the agreement program [14]. 

Supporting subsidies that are focused on reducing 
electricity consumption would contribute energy efficient in 
industrial processes which is the key aspect of energy 
efficiency in the industrial sector. 

If subsidies are granted for both electricity and heat 
consumption, it may result in a majority of energy efficiency 
measures being related to building insulation. The resulting 
energy savings through building insulation will not 
contribute to a reduction of energy consumption resulting 
from the production process. This type of experience can be 
seen in the CCFI subprogram. If all 43 enterprises implement 
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the planned measures then from the achieved energy savings 
17.4% would be electricity savings and 82.4% thermal 
energy savings. From this it can be concluded that the 
majority of the planed measures were related to building 
insulation. If awarded subsidies would be extended only to 
electricity consumption, the implemented measures and 
energy savings would differ [10]. 

Therefore before making the decision on subsidies, it is 
important to review the existing situation and find out the 
most appropriate and cost effective solution. 

H. Implementation of voluntary agreement  
The Ministry of Economy is responsible for the 

preparation of the agreement program according to the 
Cabinet of Ministers’ Regulation No.555. Their main task is 
to create a system with following requirements:  
 creation of  a focus group; 
 analysis of the current situation in the industrial sector 

and determination of  the potential energy savings; 
 definition of a concrete target according to the analysis; 
 nomination of the program agent that would be 

responsible for the further actions of the program – 
introduction, implementation and result collection of the 
program. 

 
Similar to the Finnish case, Latvia has to develop a 

sequential plan for the implementation of the agreement 
program.  Each of the actions which must be addressed needs 
to have an indicator which is chosen to evaluate how well the 
operation is carried out (Table III). 

According to the requirements of the Directive 
2012/27/EU, the implementation of the Directive must be 
started by 15 June, 2014 (see Figure 6). To begin 
implementation, a focus group needs to be established, data 
collected, a database must be established, a target set and the 
agent of the program must be defined. The marketing 
activities should be launched from the beginning of the 
program. Training and certification of the energy auditors 
should be conducted in the first implementation years of the 
program because there will be increase of certified energy 
auditors. There is active program promotion from the 
beginning to attract enterprises. When carrying out energy 
audits, the control and implementation of energy efficiency 
measures occurs throughout the process. The first energy 
savings would be witnessed in those enterprises that were 
involved from the beginning of the program. The submission 
of the monitoring reports continues until the program is fully 
closed. The controls (professional review) of the monitoring 
reports also continue until the program is fully closed. 
Program evaluation and implementation of improvements 
should be performed after the first year of implementation of 

the program. It is necessary to remove the barriers to the 
successful implementation of the program [12]. 

All the activities that were described before are linked 
together and are making a scheme how the voluntary 
agreement is working (see Figure 7). 

Figure 7 shows the relationships between the main 
participants in the program and the main activities that are 
related to each of the participants. 

It is possible to create a successful policy instrument by 
establishing a common system, separating responsibilities 
and determining consecutive steps and plan. Voluntary 
agreement can be a successful program and could achieve the 
necessary energy savings for the industrial sector in Latvia. 

V. CONCLUSIONS 

At the moment there is no database which summarizes 
the energy consumption in Latvian industrial enterprises. The 
lack of such database makes it difficult to determine the 
current energy consumption in industrial enterprises and to 
find solutions for further energy consumption reduction. 
Sweden, Finland and Norway agreement programs have 
shown successful results. Programs were based on long-term 
agreement principles. Experience of Scandinavian countries 
would be appropriate to Latvian support policy programs. 
Programs have been extended to large enterprises and SMEs 
and the countries have several years of experience in such a 
program. 

TABLE III 

REVIEW OF ACTIVITIES AND INDICATORS 

Activity Indicator 
Marketing program: 
seminars, presentations and lectures 
for the enterprises, communication 
with the media 

Attendance of the seminars, 
recognition of the agreement 
program. 
 

Trainings and certification of the 
energy auditors 

The number of certificated energy 
auditors 

The enterprises get involved in the 
program and receive the subsidies 

The number of the enterprises that 
are involved in the program. 

Carrying out energy audits in 
enterprises. 

The number of controlled energy 
audits and assessment of quality 

Implementation of energy efficient 
measures in the enterprises 

The number of energy efficient 
measures and planned energy 
savings 

The enterprises submit monitoring 
data reports to the agent 

The number of submitted 
monitoring reports 

Program agent carries out the 
controls of the monitoring data 
reports 

The quality of the monitoring 
reports and the achieved energy 
savings 

The evaluation of the whole program, 
cost efficiency 

Achieved energy savings on the 
invested money in a unit (Ls/MWh 
or €/MWh) 

 



Environmental and Climate Technologies 
 

2013 / 3__________________________________________________________________________________ 

58 
 

 

Fig. 6. A time frame of  voluntary agreement  implementation activities  

 

Fig.7  Scheme of voluntary agreement  

CCFI subprogram "Complex solutions for reducing 
greenhouse gas emissions in industrial buildings" first 
submitted monitoring reports for the full year had 40% and 
higher energy savings achieved than planned. This might 
indicate that the incorrect data and calculations which were 
obtained before or after energy efficiency measures. The 
submitted data should be re-evaluated in order to determine 
the actual energy savings for energy efficiency measures. At 
the moment the CCFI sub-program is implemented in 39 
enterprises. If all 39 implemented projects reach the expected 
energy savings the planned energy savings are 28.1 GWh. 
This is 18% of estimated energy savings in the Second NEAP. 
The savings should be achieved until 2016. Realizing only 
CCFI sub-program it can be concluded that the energy savings 
will not be achieved. There is a need to introduce other 
measures to improve energy efficiency. One of the priorities is 
voluntary agreement. The Ministry of Economics has 

determined that, with this program, the country should reach 
130.9 GWh or ~ 82% of the energy savings target.  

The introduced Cabinet of Ministers’ Regulation No.555 is 
incomplete and should be improved.  The set target will not be 
achieved by 2016 because voluntary agreement is a long-term 
policy planning tool. Experience of Scandinavian countries 
would be appropriate to Latvian support policy programs. 
Within the Latvian agreement program, it is needed to clarify 
the target, to establish a system that is responsible for 
overseeing the program, to define the control mechanism, to 
set a specific client of the program, to set the type and size of 
subsidies and to create a marketing program. To achieve the 
target of the Second NEAP for the industrial sector, 20% of 
manufacturing and mining and quarrying enterprises should be 
involved in the program and each enterprise must achieve 10% 
energy savings. By covering a great number of enterprises, it 
would be possible to achieve the target of industrial sector and 
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to promote energy efficiency and corporate awareness of the 
possible measures would increase. 
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Energy Efficiency Improvement Potential in 
Historical Brick Building 

Andra Blumberga1, Gatis Zogla2, Kristaps Zvaigznitis3, Dagnija Blumberga4, Marija Burinskienė5, 1-4 Riga 
Technical University, 5Vilnius Gedeminas Technical University 

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. 

 
Keywords – Energy efficiency, historical heritage, historical 

buildings, innovative insulation materials. 
 

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
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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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Lignocellulosic Biofuels and Grass Plants Used 
in Production of Pellets 

Rasma Platace1, Aleksands Adamovics2, Inguna Gulbe3, 1-3 Latvia University of Agriculture  

Abstract – Use of plant biomass in energy production is one of 
the preconditions to compensate growing shortage of fossil 
resources; therefore the research covered production of pellet 
samples and testing of quality parameters thereof. The study 
aimed at researching hemicellulose indicators in osier and poplar 
pellets, lignin content in perennial crops (depending on fertiliser 
types, norms), parameters characterising pellet content 
variations (their evaluation and optimisation depending upon the 
proportions of pellet components) as well as characterisation of 
lignocellulose parameters. 

 
Keywords – cellulose, grass plants, hemicellulose, lignin, pellets.  
 

I. INTRODUCTION 

There are many crops or crop residues in agriculture that 
could be used for the production of liquid, solid or gaseous 
fuels [1]. While the most promising crops utilised in the 
production of bioenergy (biofuel) are perennials since they can 
be harvested for several years in a row without reseeding and 
yield high biomass with satisfactory quality [2; 3;4]. 

It is possible to control biomass quality with various 
management methods. Growing conditions, grass specie, 
cutting frequency and fertilization leave the highest influence 
on the biomass production [5; 6]. 

Plant biomass is a major energy source. A distinction is 
made between the lignocellulosic biomass (wood, straw, green 
waste etc.), biomass with high sugar and starch content 
(beetroot, sugar cane, wheat, maize etc.) and oleaginous 
biomass (rapeseed, soya, sunflower etc.). Mentioned biomass 
types are transformed into biofuels with help of various 
methods [7]. 

Within the framework of energy generation strategy, in 
which residue/waste biomass is processed at production sites, 
companies may have their own energy resource as they are 
generating waste.  

Among the possible vegetal biomass treatment processes 
pyrolysis is one of the most suitable, as it takes advantage of 
both great flexibility and relatively easy control over the 
product yield and characteristics.  

The basic idea behind this research is a verification of the 
feasibility of a steam-assisted pyrolysis of biomass aimed at 
the production [8; 9]. 

In its turn, general trend in the pellet production faced in 
Europe (incl. Baltics) is a lack of traditional raw materials 
(e.g., conifer sawdust generated in wood processing). 
Researches dedicated to the alternative biofuel sources lately 
have been very topical, and the issue is often discussed in 
international forums concerning problems when using biomass 

in energy production. Currently biomass has been receiving 
increased interest as a renewable energy source within the 
context of climate change and mitigation of climate impacts. 
This renewable energy is based on a short-cycle crops and 
energy crops which could contribute to the modern society’s 
energy needs. According to the type of raw material used and 
conversion technology applied, biofuels can be divided into 
the two main categories of first and second generation of 
biofuels (and the potential of the third) [10]. 

Biomass is a general term used for all organic materials 
derived from plants. From the chemical viewpoint it is a 
composite material, consisting of a mixture of hemicellulose, 
cellulose, lignin and extracts, and affected by the chemical 
structure of the species [11]. Today it is the second most 
commonly used energy source having 14% contribution to the 
world energy consumption, as compared to 12% of coal and 
15% of gas [10, 12;13]. 

The major combustible component of non-food energy 
crops is cellulose and the second one - lignin. Non-food 
energy crops are more efficient, as compared to the edible 
ones (having great content of starch). Hemicellulose is a 
cellulose-related polysaccharide that comprises about 20% of 
the biomass in most plants. 

As biomass is primarily composed of hemicellulose, 
cellulose and lignin, it can be decomposed at temperature 
between 225-325°C, 305-375°C and 250-500°C, respectively 
[14]. It has been found out that decomposition temperature of 
cellulose is much higher than that of lignin, which makes a 
larger amount of cellulose become more volatile [12]. This 
leads to the fact that the bigger the lignin composition, the 
greater the amount of char produced or carbonaceous residues, 
because of a lower thermal degradation. 

Biomass as a raw material has important advantages in 
combustion – high volatility of the fuel and high reactivity of 
both fuel and resultant char. 

Gravimetric techniques (isothermal and non-isothermal) 
have generally been used to investigate reactivity of 
carbonaceous materials. These techniques have been selected 
in this work to evaluate physical and chemical properties, 
generating a variety of correlations that show the optimal 
conditions for the types of biomass that can be utilized in the 
production of biofuels [1; 7]. 

Lignocellulosic biomass mainly consists of three polymeric 
components: hemicellulose, cellulose and lignin. Lignin is an 
amorphous polymer made by different phenolic compounds 
and it is the main component of cell walls. 

 

doi: 10.7250/iscect.2013.012



Environmental and Climate Technologies 

_________________________________________________________________________________________________2013 /3 

67 
 

TABLE I 

COMPOSITION OF POTENTIAL LIGNOCELLULOSIC BIOMASS RESOURCES 

Lignocellulosic materials, biomass Cellulose, % Hemicellulose, % Lignin, % References 

Hardwoods stems  

Softwood stems 

40-55 

45-50 

24-40 

25-35 

18-25 

25-35 
[22] 

Grasses 25-40 35-50 10-30 [22] 

Switchgrass 37-45 29-31.4 12-19 [22; 23;24;25;26] 

Big bluestem 37 28 18 [27] 

Miscanthus 43 24 19 [2; 28] 

Reed canary grass 24 36 n/a [29] 

Timothy 28 30 n/a [30;31] 

Tall fescue 25 25 14 [32] 

Corn stover 38 26 19 [23;24;32] 

Wheat straw 38 29 15 [32;33;34] 

Alfalfa 27 12 n/a [27] 

Forage sorghum 34 17 16 [32] 

Sawdust 43-46 25-34 26-28 [1] 

Newspaper 40–55 25–40 18–30 [22] 

Poplar 42-49 16-23 21-29 [22] 

Hardwood 

Softwood (coniferous wood) 

Wheat straw  

Miscanthus 

40–48 

35–43 

32 

40 

19–25 

21–30 

37 

34 

22–25 

22–25 

18 

18 

[35] 

 
Lignin holds together cellulose and hemicellulose fibres and 

gives support, resistance and impermeability to the plant. 
It is estimated that every year approximately 5 billion tons 

of cellulose are formed in the nature. It has been estimated that 
around 7.5x1010 tonnes of cellulose are consumed and 
regenerated every year [34]. It is thereby the most abundant 
organic compound in the world. Cellulose mass in cells of 
different plants varies between 50% and 70%. Until now, the 
most commonly used source of cellulose is wood (wood 
fibre), as well as cotton, hemp, flax, jute, wheat straw etc. and 
even roots (rutabaga etc.) [35]. Almost pure cellulose is 
present in cotton (~90%); flax and hemp mainly consists from 
cellulose as well. Cellulose content in hemp depends on its 
specie, climatic conditions and agro-technical measures 
applied [36]. 

Table 1 summarizes the composition of lignocellulose 
present in the most common sources of biomass.  

Perennial grasses display many beneficial energy crop 
attributes. In the USA there has been increasing interest in 
their use in respect to the environmental impact which is 
generally considered to be positive [2]. Perennial and 
herbaceous energy crops offer a significant opportunity to 
improve agricultural sustainability through the crop 
diversification, decreased erosion, and improved water quality, 
as compared to the traditional annual crop system [36].  

Primary fuel characteristics that testify their suitability for 
combustion are: total energy produced, total moisture content 
and chemical content of the ash. Ash content and chemical 
indicators are important in the combustion process, because 

they can contribute to the formation of slag that reduce boiler 
efficiency and increase costs. Concentration of particular 
minerals varies depending on the plant specie and plant part. 
Qualitative parameters of harvested biomass are impaired by 
the presence of weeds [37]. 

Plant age or growth phase at harvesting as well as content 
of other minerals also have significant influence [38]. To 
avoid biomass quality problems associated with summer 
harvests, it is recommended to harvest plants during winter or 
spring following the growing season [39].  

The objective of our study was evaluation of quality 
parameters; characterisation of hemicellulose indicators in 
osier and poplar pellets; investigation of lignin content in 
perennial grass plants depending on fertiliser types and norms; 
experimental research of parameters characterising pellet 
content mixtures, evaluation and optimisation thereof 
depending on the proportions of pellet components; as well as 
characterisation of lignocellulose (cellulose, hemicellulose and 
lignin) parameters; and comparison of the acquired 
lignocellulose values in pellet biomass with findings of other 
researchers. 

This work aims at designing versatile and reliable tool that 
may be used for calculations, and it will be later integrated in a 
rigorous model, which will allow estimating combustion 
behaviour of waste plant biomass. 

II. MATERIALS AND METHODS 

The study covered research of following energy crops used 
for the fuel (pellet) production: poplar (Populus tremula L.), 
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culmiferous plants – reed canary grass (RCG) (Phalaris 
arundinacea L.); tall fescue (Festuca arundinacea Schreb.) 
specie: ‘Fawn’; festulolium (Festulotium) specie: 'Vetra' 
(L.multiflorum x F.arundinacea); meadow fescue (Festuc 
pratensis Huds.); timothy (Phleum pratense L.).  

Samples (RCG variety ‘Marathon’ at N-90 kg ha-1 dose of 
chemical fertilizer) for the study were taken at Latgale Centre 
of Agriculture Science on 06.10.2010. Whereas cultivated 
energy plant (poplar) was collected in Vežaiči Agricultural 
Research Institute Centre (Lithuania) on 15.10.2010. Energy 
crops were grown in the Training and Research Farm 
‘Pēterlauki’ of Latvia University of Agriculture, using 5 grass 
plant groups and treating them with 9 different fertilisers – 
fertiliser variants (kg ha-1): 1)  N0P0K0; 2) P80K120 (F - 
background); 3) F+N30; 4) F+N60; 5) F+N90; 6) F+N120; 7) 
F+N150; 8) F+N180; and 9) vermicompost 10 t ha-1. Each 
tested combination was repeated three times. Soil type: sod 
calcareous (pHKCl 6.7), containing available P 52 mg kg 1, 
K 128 mg kg 1, organic matter content 21 to 25 g kg 1 in 
the soil, main fertiliser (background) – P2O5- 80; K20- 120 kg 
ha-1. The total seeding rate was 1000 germinant seeds per 
1 m2.  Usage type: mowing two-three times.  

Pellets were made of 100% natural ingredients – chopped 
poplar and chopped RCG biomass. They have cylindrical 
shape and they are approximately as thick as a pencil. Fuel 
consists of single components and two components. Single-
component pellets: (I) poplar, (II) RCG and two-component 
pellets: (I) in proportion 1/3 (1 RCG + 3 poplar); (II) in 
proportion 1/1 (1 RCG + 1 poplar); (III) in proportion 3/1 
(3 RCG + 1 poplar).  

Within the pellet manufacturing process the energy plant 
biomass is chopped and ground in the laboratory mill ЭМ-ЗА 
УХЛ 4.2, and afterwards powder produced in a mill is formed 
into a pellet with the hand press ‘IKA WERKE’. 

Pellet samples were tested for various chemical indicators – 
cellulose, hemicellulose, lignin, neutral detergent fibre (NDF) 
content and acid detergent fibre (ADF) content; while in grass 
plant biomass – lignin content was measured. 

Lignin content and ADF faction in energy crop pellets was 
determined in compliance with the LVS EN ISO 13906: 
2008., NDF faction – with LVS EN ISO 16472: 2006, 
cellulose and lignin was measured with the help of forage 
analyses, procedures in the Agricultural Scientific Laboratory 
for Agronomic Analysis of the Latvia University of 
Agriculture. 

Determination of NDF takes place as follows: samples are 
treated with neutral detergent (ND) solution and thermally 
stable alpha amylase that solvents highly digestible proteins, 
lipids, sugars, starch and pectin, leaving insoluble fibres 
(cellulose, hemicellulose, lignin). The sample is boiled in the 
solution for 1 hour, afterwards filtrated, washed and dried. 
After the weight loss the NDF content is 
calculated.  Calculation of ADF is performed as follows – 
sample is treated with acid detergent (AD) solution (0.5 mol/l 
H2SO4), leaving cellulose, lignin and insoluble proteins. The 
sample is boiled in the solution for 1 hour, afterwards filtrated, 

washed and dried. After the weight loss the ADF content is 
calculated.   

Measurement or calculations of particular chemical content 
take place as follows: lignin – the sample acquired after 
determination of ADF is treated with 72% H2SO4, after the 
weight loss the lignin content is measured; hemicellulose = 
NDF – ADF; and cellulose = ADF – lignin.  

For each sample three parallel experiments were carried 
out. The correlations were analyzed as linear or polynomial 
regressions, and graphs were made using MS Office program 
Excel. 

III. RESULTS AND DISCUSSION 

The research shows that the lowest cellulose content (36%) 
is in RCG biomass, the highest – in poplar (40.87%), while 
osier indicates 40.77%. Among pellets from several energy 
crops the highest cellulose content was recorded in RCG/osier 
pellets (1/3) and RCG/poplar pellets (3/1) – 38.84% and 
40.05%, respectively (see Fig. 1). 

 

Fig. 1.  Cellulose, hemicellulose and lignin content in RCG and osier pellets 

When RCG is added to osier or poplar pellets, a reduction 
in the lignin content was recorded, and it was the lowest in 
pellets made of grass plants in proportion 1/3. Lignin content 
in such RCG/poplar pellets dropped by 2.39% and by 0.96% 
in RCG/osier pellets. 

The average lignin content in grass plants comprises 7.5%, 
in poplar – 19.67%, and in osier 15.93%, therefore it is 
advisable to produce pellets from grass plant biomass together 
with wood. 

When adding RCG to osier or poplar pellets, a rise in the 
hemicellulose content was observed, and it was the highest in 
component proportion 1/3. The content of hemicellulose in 
pellets made of RCG/poplar in mentioned proportion grew by 
9.69% and in RCG/osier pellets – by 10.04%. 

Osier or poplar pellet supplementation with RCG resulted in 
an increase in the cellulose content, and it was the highest in 
pellets made of grass plants in proportion 3/1. Cellulose 
content in RCG/poplar pellets made of components in the 
above shares rose by 9.69%, while in RCG/osier pellets – by 
10.04%. 
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The study indicated that the highest hemicellulose content 
(27.28%) is in RCG biomass and the lowest in poplar (6.9%), 
while osier indicates 9.95%. The highest hemicellulose 
content (13.99%) among pellets from several energy crops 
was recorded in RCG pellets in proportion 3/1 with of osier. 
The best proportion of components in poplar pellets was 3/1, 
as hemicellulose content in such samples accounted for 
16.59% (see Fig. 2). 

Fig. 2.  Cellulose, hemicellulose and lignin content in RCG and poplar pellets 

Within the research it was found out that the lowest lignin 
content (10.78%) is in RCG biomass and the highest – in 
poplar (19.67%), and osier indicates 15.93%. The highest 
lignin content (14.97%) among pellets made of several energy 
crops was recorded in RCG pellets in proportion 1/3 with of 
osier, whereas the best proportion in RCG/poplar pellets was 
1/3, as their lignin content comprises 17.28%. 

Results of researches conducted by other scientists shows 
that: cellulose content comprises 30-50%, while our study on 
average indicated 34.61% of the total dry matter; 
hemicellulose content comprises 20-40%, but in our research – 
15.32% (slightly above the maximal value); lignin accounts 
for 15-25%, but in our study - 14.6% (that is close to the data 
found by other researchers). 

The research shows that the highest NDF faction (74.65%) 
is in RCG biomass and the lowest (64.44%) – in poplar, while 
osier indicates 66.65%, and that the highest ADF faction 
(46.78%) is in RCG biomass and the lowest – in poplar 
(57.54%), whereas osier indicates 57.7% (see Fig. 3). 

 

Fig. 3.  NDF and ADF content in RCG and osier/poplar pellets 

The highest NDF content (69.52%) among pellets from 
several energy crops was recorded in RCG pellets in 
proportion 3/1 with of osier, while the best proportion with 
poplar was 3/1, as RXG/poplar pellets had 70.3% of NDF. 

Among pellets from several energy crops the highest ADF 
content (54.81%) was recorded in RCG/osier pellets (in 
proportion 1/3), and the best component proportion in 
RCG/poplar pellets was 1/3, as ADF content in them 
accounted for  55.55%. 

Evaluation of samples by fertilizer norms and types shows 
the highest lignin content in tall fescue without fertilizer 
(6.06%), and, the crop indicates 5.69%, when treated with 
fertilizer F+ N150, and 4.92% with application of 
vermicompost. Moreover, RCG without fertilizer indicates 
5.03%, 5.41% with F+N90 and 4.46% with vermicompost; 
festulolium without fertilizer shows 4.36%, 4.47% with 
F+N60 and 4.23% with vermicompost (see Fig. 4). 

 

Fig. 4.  Lignin content in RCG, festulolium and meadow fescue 

In respect to the lignin content in other samples: timothy 
without fertilizer shows 8.29%, with fertilizer F+30 – 8.31%, 
and with vermicompost – 8.14%; meadow fescue without 
fertilizer indicates 3.68%, with F+N180 - 4.07%, and with 
vermicompost – 4.13% (see Fig. 5). 

 

Fig. 5. Lignin content in timothy and meadow fescue 
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Average indicators of the research show the highest lignin 
content in timothy (8.19%), RCG (5.00%), tall fescue 
(5.36%), fescue ryegrass (4.30%), and meadow fescue 
(3.86%).  

Lower lignin content was observed in grass plants harvested 
in summer (it varied between 8.29% and 3.53%), while 
samples harvested in autumn showed 10.78%. Lignin content 
in fall harvest was by 0.8% lower. To avoid problems with 
biomass quality associated with summer harvests, it is 
recommended to harvest plants during the winter or spring, 
following the growing season. Therefore, if RCG is used for 
pellet production, it is advisable to mow plants in autumn, 
after first frosts, and do it till spring, as well as to produce 
pellets from grass plant biomass that is mixed with wood 
(sawdust and woodchips). 

IV. CONCLUSIONS 

(I) The study on the application of various fertiliser doses 
and norms on grass plants shows the best lignin content in 
samples not treated with fertilisers, while the most suitable 
indicators in samples treated with fertilisers were found when 
applying F+N30 and F+N150. Treatment of grass plants with 
vermicomost leads to the lowest lignin content; therefore, 
when producing pellets, it is advisable to supplement grass 
biomass with wood. 

 (II) The particular lignocellulose content slightly differs 
from the indicators found in other researches. Cellulose 
indicators acquired within the framework of this research 
mainly met the values discovered in other studies, while 
bethemicellulose and lignin indicators were slightly under the 
minimum value. Thus, as the lignocellulose values obtained 
meet the standards set for the production of pellets, the 
biomass pellets may be used for the production of biological 
fuel – pellets. 

(III)  The proportion of components the most suitable for 
pellet production was found at combination 1/3 (RCG + 
timber). As RCG has lower cellulose and lignin content, as 
compared to timber, when producing pellets, it is advisable to 
add up to 25% of RCG, and thus pellets should be produced 
from grass plant biomass together with wood (sawdust and 
woodchips). 
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Extensive Green Roof Ecological Benefits in Latvia 
Rihards Rušenieks1, Agris Kamenders2, 1-2Riga Technical University

Abstract – Extensive green roof ecological benefits are studied 
in this paper. The research contains a brief explanation about 
green roof technology and green roof ecological benefits. Green 
roof capability to retain rainwater runoff by accumulating it in 
storage layers and conducting it back into the atmosphere 
through evapotranspiration is studied and modeled. Modeling is 
done in Stormwater Management Model 5.0 software. The model 
is based on an existing warehouse-type building located in Riga 
and hourly Riga climatic data of 2012. Evaluation of the model is 
carried out and future study fields of green roof ecological 
benefits are discussed. 

 
Keywords – green roof, extensive green roof, rainwater 

retention, green urban building, urban planning, energy 
efficiency. 

 

I. INTRODUCTION 

Green roof technology is becoming more and more 
widespread in the world. Apart from esthetical value, green 
roofs have many ecological benefits as well. Green roofs are 
basically vegetation layers which are put on the roof of a 
building (either on new buildings or refurbishing existing 
ones) with supportive layers. Two types of green roofs exist – 
extensive and intensive systems. An extensive green roof is 
lightweight (60 - 150 kg/m2), non-habitable by people. The 
vegetation consists of grass, moss, succulents, stonecrops, 
irrigation and maintenance is not required. Intensive green 
roof systems are roof gardens, which are heavyweight (180 - 
500 kg/m2), fulfill a  recreational function with the possibility 
of urban gardening. The vegetation may be shrubs and trees, 
and irrigation and regular maintenance is required. Intensive 
green roofs are more suitable for areas with high population 
density, but in case of Latvia (and other Baltic countries) 
extensive systems are more appropriate.   

Extensive green roof consists of several layers. These layers 
are (from bottom to top): 

 Waterproof layer. Forms the base of the green roof, 
protects the structure from impact of water; 

 Insulation layer. This layer is optional on any roof, it 
prevents heat loss in the winter and cool air conduction in the 
summer; 

 Drainage layer. Provides preferable conditions for plant 
growth by ensuring aridity in soil and preventing anaerobe 
environment. This layer also drains excess water from the soil 
to the roof’s drainpipes after heavy rainfall; 

 Filtration layer. This layer prevents soil particles from 
washing into the drainage layer, causing drainage blocking 
and reducing flow; 

 Soil layer. Soil is necessary for maintaining vegetation. 
Natural soil is too heavy to be placed on roofs. Soil must be 
lightweight and also must preserve a certain amount of water, 
allowing excessive water to dry, and the soil must contain 

plant nutrients, at the same time preventing them from 
washing out to sewage; 

 Plants. In selection of plants An important aspect in the 
selection of plants is the esthetic requirements. Different 
plants change color throughout the year. However the main 
criteria are plant vitality and resistance to unfavorable 
conditions. Frequent choice is Sedum, Delosperma, Euphorbia 
un Sempervivum.[1] 

II. ECOLOGICAL BENEFITS IN CASE OF LATVIA 

Green roofs have many ecological benefits. In case of 
Latvia, these benefits could be pointed out as the most 
important: 

• increase of building energy efficiency (insulation and 
passive cooling). Green roofs act as an additional 
insulation layer, but passive cooling occurs by 
conduction of heat through the roof via 
evapotranspiration of gained rainwater [2]; 

• habitat creation for plants and animals. When buildings 
are constructed, green zone is permanently destroyed. 
Green roofs are the way we can compensate the loss of 
green zone in the city by putting it back on the top of the 
building; 

• air pollution removal. Green roofs act as  usual grass and 
clear air from particular matter by retaining it in the 
vegetation layer [3]; 

• decrease of urban heat effect. All cities more or less 
suffer from increased average annual temperature 
compared to their surroundings. This is mainly because 
of the albedo effect of construction materials which are 
used in the construction of buildings and streets. Other 
factors are industrial and technological processes 
emitting heat, reduction of wind speed etc. It is already 
proven that green roofs decrease urban heat effect 
because of better albedo and evapotranspiration [4]; 

• cityscape improvements. Green roofs can be used in 
urban planning as a way to green the cities and make the 
sight more esthetically attractive and relaxing to citizens 
[5]; 

• stormwater runoff retention. Green roofs can accumulate 
certain amounts of rainwater, thus (during heavy 
rainfalls) preventing it from surcharging the city`s 
sewage system and flooding streets nearby [6,7,8]. 

Additional benefits which have not yet been studied might 
include electromagnetic radiation screening and roof fireproof 
increase. 

In some countries there could also be financial benefits in 
the form of property and/or rainwater runoff tax and fee 
reductions. In any case, the effect that the presence of a green 
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roof might have on increasing the building’s market value 
could also be viewed as a financial benefit. 

Even though green roof layers are made out of synthetic 
materials, one of the benefits is protection of the roof deck and 
increase of its life, in this way saving resources required for 
roof repairs. 

In the author`s previous studies, the impact of extensive 
green roofs on a building`s energy demand was studied. A 
one-storey private house was modeled in CAD software 
“Desing Builder” (Design Builder is graphical interface of 
EnergyPlus – an energy simulation program developed by 
USA Department of Energy). Energy Plus is one of the most 
advanced and widely used building energy simulation 
programs [9]. For the purposes of modeling, a real house 
project was chosen with a 285 m2 area and a 15 degree sloped 
roof. Data about the building envelope materials, green roof 
parameters, geographical location (Riga), HVAC system and 
activity of inhabitants in different zones were included in the 
model. Energy simulation demand was carried out for a one 
year period, based on hourly climatic data of Kaunas, 
Lithuania (closest data available).  

Results showed a slight decrease (~3%) in total building 
energy demand. Only this factor alone does not justify green 
roof implementation, so other ecological and financial benefits 
must be evaluated. One of them is rainwater runoff reduction 
from the roof. 

III. GREEN ROOF CAPACITY FOR OF RAINWATER RETENTION 

Green roof as an option for water retention was first 
mentioned in in 1985.[10] Since then, many additional studies 
have been carried out. Review of modern literature sources 
and reanalyze of data to derive empirical model has been done 
by Mentens, Raes and Hermy.[11] In this research, data was 
collected from literature review (18 publications and 628 
records). Data about roof properties and precipitation and 
runoff was collected. 

The literature review results clearly showed that the runoff 
is mainly determined by the roof type. The annual 
precipitation, type of roof, number of layers and depth of the 
substrate layers are significantly correlated with the yearly 
runoff (p < 0.05), while the age of the green roof, slope angle 
and length are not significantly correlated with the yearly 
runoff (p > 0.05). For non-greened roofs, runoff is solely 
determined by precipitation. Annual runoff for various roof 
types as a percentage of the total annual rainfall can be seen in 
Figure 1. Analysis on the seasonal level was carried out as 
well and obviously it was concluded, that the retention is 
significantly lower in winter than in summer.[11] 

German Green roof FLL Guidelines 
(Forschungsgesellschaft Landschaftsentwicklung Land-
schaftsbau)  provides following Fig.1 and Table I. 

IV. IMPORTANCE OF RAINWATER RUNOFF REDUCTION IN 

LATVIA 

Vast and devastating flood risk is unlikely in Latvia due to 
country`s advantageous geographic location. However each 

year wide territories in Latvia face floods caused by 
meltwaters or stormwaters. 

 

Fig.1. Annual runoff for various roof types as a percentage of the total annual 

rainfall [9] 

TABLE I 

RAINWATER RUNOFF REDUCTION ACCORDING TO FLL  GUIDELINES [17] 

Thickness of green 

roof [mm] 

Vegetation Water retention, 

annual [%] 

20-40 Moss/stonecrops 40 

40-60 Stonecrops/moss 45 

60-100 Stonecrops/moss/herbs 50 

100-150 Stonecrops/herbs/grass 55 

150-200 Grass/herbs 60 

In the National program of flood risk evaluation and 
management 2008-2015 (Plūdu riska novērtēšanas un 
pārvaldības nacionālajā programma 2008.-2015.gadam) it is 
admitted, that in Riga the most serious flood risk could caused 
by strong north-west winds (storms). Under these 
circumstances, the water level rises in the lower part of the 
river Daugava and in the lakes Baltezers and Ķīšezers, causing 
flooding in coastal regions  and risks to coastal erosion. 

Flood threats in Riga evolve from intense and long-lasting 
precipitation, which can cause water levels to rise in the rivers 
Daugava and Lielupe and in lake Ķīšezers, thus leading to 
flooding low-lying areas, basements of buildings and 
negatively affecting the sewage system, which transports 
wastewaters to the biological purification plant 
“Daugavgrīva”.[12] 

In the Riga development plan 2006-2018 environmental 
impact assessment (Rīgas attīstības plāna 2006.–2018. gadam 
ietekmes uz vidi stratēģiskā novērtējuma pārskats) in section 
4.5 “Waste waters and purification” the following is 
mentioned: 

“Authors of this summary consider - if in the future the 
water supply and sewage projects will not be financed, the 
quality of surface and ground water will be affected 
significantly. If the construction of a water supply and sewage 
grid will not happen, development possibilities of new 
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territories will reduce. Unfortunately, the Riga development 
plan does not fully solve rainwater catchment system 
improvement, which is one of the most important 
environmental problems in the city.”[13]  

And in section 7.8 “Water supply and sewage system 
development solution” it states: 

“Authors of this summary consider, that planned central 
sewage system and water supply grid of new perspective 
districts is not economically justified. 

Since the plan does not solve issues about rainwater 
catchment system improvement possibilities, in the future 
problems in wastewater treatment plant operations will 
remain, including wastewater sludge usage in agricultural land 
fertilization. 

In the future problems will be caused by the city`s rainwater 
catchment and treatment. “[13] 

One of the green roof functions is rainwater runoff 
retention, accumulating it in soil and storage layer, from where 
it later transfers back in the atmosphere, evaporating from 
plants and soil by evapotranspiration. In that way, a certain 
amount of rainwater does not reach the sewage and prevents it 
from surcharge and decreases load of sewage system. In 
studies performed by USA Connecticut university, it is found 
that green roof accumulates 51,4% of precipitation (248 m2 big 
green roof was observed in experiment).[14] Unfortunately 
nothing can be found about green roofs in neither “Riga long 
term development strategy till 2025” nor in the project “Flood 
risk management plan of Riga city”. 

However green roofs as one of  the possibilities to catch and 
accumulate rainwater in Riga city is mentioned in conclusions 
of Latvia University of Agriculture PhD student`s Reinis 
Ziemeļnieks doctorate thesis “Rainwater influence on 
common sewage system operation” (property tax reduction for 
buildings with green roof is also mentioned).[15] However 
this possibility is not studied in more depth. 

Therefore green roof rainwater runoff reduction modeling 
must be carried out. 

V. MODEL AND PARAMETERS DESCRIPTION 

The USA Environmental Protection Agency (EPA) 
software Storm Water Management Model 5 (SWMM), which 
is widely used by other authors, is chosen for modeling. The 
software is based on a system first developed in 1971, 
currently its fifth version is used. The latest updates were 
made by USA EPA Nation risk management research 
laboratory`s Water supply and water resource section in 
cooperation with private sector. SWMM performs dynamic 
perception and precipitation runoff simulation both for single 
and long term events. Rainwater runoff quality and quantity is 
calculated. Software is used mostly for urban environment 
simulation. Waste water simulation is performed with water 
catchments, modeling precipitation on them as well as runoff. 
Sewage system is modeled as well, including pumps, 
treatment plants and storages.  

In the fifth version of SMWW it is possible to model green 
roofs by LID (Low Impact Development) controllers. LID 
controller is created to catch the surface runoff and create 

combination of runoff water accumulation, infiltration and 
evaporation. They are added as runoff surfaces properties. 
SWMM has 5 types of LIDs: 

 bio-retention cells; 
 infiltration trenches; 
 porous pavement; 
 rain barrels; 
 vegetative swales. 

The most correct green roof modeling can be done by bio-
retention cells. Bio-retention cells are depressions that contain 
plants in artificially created soil. This system is placed upon 
the drainage layer and provides accumulation, infiltration and 
transpiration of precipitation and runoff waters of surrounding. 
Rainwater gardens, street greeneries and green roofs are 
modeled with this method. 

LID controllers are created as a combination of vertical 
layers, the properties of which are determined as units on area. 
During the simulation SWMM calculates moisture balance, 
keeping track of amount of water, conducting through layers 
and amount of stored water. Bio-retention cell modeling is 
performed as in this scheme: 

 

 
Fig.2. Bio-retention cell model scheme [16] 

Surface layer – corresponds to the ground surface that 
receives direct rainfall, stores excess inflow in depression 
storage and generates surface outflow that either enters the 
drainage system or flows onto downstream land areas. 

Soil layer – is the engineered soil mixture used in bio-
retention cells to support vegetative growth. 

Storage layer – provides storage in bio-retention cells (in 
case of green roof usually a felt carpet). 

Underdrain – conveys water out of the storage layer of bio-
retention cell into common outlet pipe.  

Transpiration of precipitation happens in the system as well. 
Modeling is done on a comparative basis implemented by a 

LID controller, simulating rainfall runoff on an equal area of 
the buildings, in one case -with an ordinary roof, in other the 
case with a green roof. A warehouse-type, flat roof building 
with a total space of 2425 m2 is chosen. Building serves for 
entertainment purposes and is located in Riga. 
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Fig. 3. Building of the model 

During heavy rainfalls, the sewage system is surcharged 
and surrounding streets are heavily flooded. 

 

 

Fig.4. Problem of flooded streets during heavy rainfalls  

Modeled building dimensions are as follows: 
Width of the building - 25 m 
Length of the building - 97 m 
Roof space - 2425 m2 = 0,6 acres (SWMM uses acres as 

area unit). 
In one case roof is ordinary (Parastais_jumts), in other case 

roof is extensive green roof (Zalais_jumts). 
Both buildings are joined to the city`s sewage system (J1 

and J2 - independently). The rainfall source is added 
(Nokrisni). 

LID controller parameters are set as follows: 

LID Type: Bio-retention cell 
Process layers – Surface. Describes surface of green roof.  
Storage Depth – maximum depth to which water can pond 

above the surface of the unit before overflows occur. Since 
green roofs can be with border and without, this parameter is 
set to 0 mm. 

Vegetative volume fraction – the volume of the storage area 
above the surface that is filled with vegetation. In case of 
extensive green roof assumed as 80%. 

 
Fig.5. Model in SWMM 

 
Surface roughness – applies to porous pavements and 

vegetative swales, is left as 0. 
Surface slope - applies to porous pavements and vegetative 

swales, is left as 0. 
Process layers – Soil. Describes properties of substratum, 

placed in roof. 
Thickness – thickness of substratum. Ass. as 100 mm, 

which is typical to extensive green roof. 
Porosity – porosity of substratum. Assumed as 0,5. 
Field capacity – volume of pore water relative to total 

volume after the soil has been allowed to drain fully. Assumed 
as 0,2.  

Wilting point – volume of pore water relative to total 
volume for a well dried soil where only bound water remains. 
Assumed as 0,1. 

Conductivity – hydraulic conductivity for the fully saturated 
soil. Assumed as 0,5 mm/h.  

Conductivity slope – slope of the curve of log(conductivity) 
versus soil moister content (dimensionless). Assumed as 10. 

Suction head – the average value of soil capillary suction 
along the wetting front. Ass. as 3,5 mm. 

 
Process layers – Storage. Describes rainwater storage and 

drainage layer properties. 
Height – height of layer. Drainage and storage layer height 

for flat green roof usually is 30 mm (sum of both). 
Void ratio – the volume of void space relative to the volume 

of solids in the layer. Assumed as 0,75. 
Conductivity – conductivity of layer. Assumed as 10 mm/h. 
Clogging factor – clogging speed of layer. Assumed as 0. 
Configuration of LID controller usage is necessary to 

determine, how the LID controller will interact with given 
rainwater subcatchment. 

In this case it is configured as one unit, which occupies all 
area of subcatchment (in controller area covered by vegetation 
is already set, so there is no need to set it again). 

Initial water saturation is set as 0. 
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VI. SIMULATION 

For simulation the following parameters are set: 

 water infiltration model: Green Ampt’ 
 water runoff routing: Kinematic Wave; 
 period of simulation (1. January 2012 – 31. December 

2012); 
 time step (3600 seconds or 1 hour); 
 hourly precipitation amount of simulation period in 

mm; 
 daily minimal and maximal air temperature for 

simulation period; 
 average monthly wind speed; 
 snow melting parameters. 

The simulation was carried out for a one year period (365 
days). Meteorological data necessary for simulation were 
obtained from the Latvian Environment, Geology and 
Meteorology Centre observation records archive. The 
observation station chosen is “Rīga - Universitāte” (University 
of Latvia main building at Raiņa bulvāris 19). 

Simulation period is set as one year (2012). 
Simulation time step is set as one hour due to precipitation 

data, which is available as hourly. 
Precipitation data is obtained from the Latvian 

Environment, Geology and Meteorology Centre archive and 
converted to SWMM supported format. Data is entered in 
Notepad file, which is converted to .dat file. Data format is: 

month/day/year  hours: minutes: precipitation (mm) 

Example of format is as follows (only days and hours with 
precipitation is entered): 

01/02/2012  00:00 0.0 
     07:00 0.1 
     11:00 0.2 
     12:00 1.2 
     13:00 1.0 
     14:00 1.2 
     15:00 1.4 
     17:00 0.1 
     18:00 0.1 

01/04/2012  00:00 0.0 
     02:00 0.2 
     03:00 0.2 
     04:00 0.2 

New TimeSeries is created in software out of entered data, 
which is assigned to precipitation source Rain Gage 
“Nokrisni”. 

The temperature data file is created manually. SWMM 
requires entering only minimal and maximal temperature of 
day. These data are acquired, extracting average temperatures 
from the Latvian Environment, Geology and Meteorology 
Centre hourly temperature archive. Data is entered in Notepad 
file, which is converted to .dat file. Data format is as follows: 

Name of station Year Month Day Minimal temp. Maximal 
temp. 

Temperatures are entered in Fahrenheit scale (SWMM was 
created in USA). 

Example of format is this: 

RIGA 2012 1 1 28.44 33.26 
RIGA 2012 1 2 31.46 37.58 
RIGA 2012 1 3 34.52 39.92 
RIGA 2012 1 4 35.24 42.08 
RIGA 2012 1 5 32.72 39.92 

Temperature data is entered in software climatic 
configurations “Climatology/Temperature”. Evaporated water 
amount is automatically calculated from these values. 

Average monthly wind speeds in Riga are entered in the 
climatic conditions. Wind speed is entered in miles per hour. 
These wind speed values are used (Latvian Environment, 
Geology and Meteorology Centre data for 2012): 

TABLE II 

AVERAGE WIND SPEED IN RIGA (2012) 

  km/h m/h 

January  3.38 2.11 

February  3.10 1.94 

March 3.60 2.25 

April  3.20 2.00 

May 2.96 1.85 

June 2.90 1.81 

July  2.85 1.78 

August  2.67 1.67 

September  3.23 2.02 

October  2.92 1.83 

November  3.29 2.06 

December   3.65 2.28 

 
If the simulation is successful, the software shows size of 

continuity error. This error serves as a validation tool for the 
model and shows a percentage difference from initial water 
amount + total inflow in sewage system and final water 
amount + total outflow from sewage. If the error exceeds 10%, 
feasibility of the model has to be questioned.[16] In this case 
the surface runoff error was -0,42% and flow routing error was 
-0,07%. This proves that the model is very accurate. 

VII. RESULTS AND DISCUSSION 

Results about rainwater runoff from the warehouse-type 
building in Riga with a total space 2425 m2 for the year 2012 
are shown in the Table III. 

Explanation of results: 
Subcatchment – surface of precipitation catchment. In case 

of this model it was previously described 2425 m2 warehouse 
type building with flat roof – in one scenario with green roof, 
on other scenario with ordinary roof; 

Total runon – discharge from other water sources (apart 
from precipitation); 

Total evap – amount of evaporated water (excluding 
transpiration from plants); 
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Total infil – infiltration in roof (in case of green roof in soil 
and storage layer); 

Total runoff – rain water runoff from roof to city`s sewage; 
Runoff coeff – proportion of runoff water and accumulated 

water for given surface. 

TABLE III 

RESULTS OF SWMM MODEL 

Subcatchment Zalais_jumts (Green 
roof) 

Parastais_jumts 
(Ordinary roof) 

Total precip 717,50 717,50 
Total runon 0,00 0,00 
Total evap 25,57 7,11 
Total infil 356,52 0,00 
Total runoff 319,55 715,96 
Runoff coeff 0,445 0,998 

Interpretation of results indicate that the total precipitation 
amount in 2012 was 717,5 mm (average is 700 mm). The 
green roof has vegetation, soil and water storage layers, and, 
for that reason, runoff from the green roof was only 319,55 
mm (45%). More than half – 356,52 mm (55%) – infiltrated in 
the soil and was absorbed by plants. This water was 
transported back in the atmosphere by transpiration. This 
process significantly could help sewage system to deal with 
runoffs. Small amounts of water (25.57 mm) evaporated 
immediately. In case of the ordinary roof almost all rainwater 
was discharged in the city`s sewage system. 

Further studies about green roof rainwater retention 
capabilities should be conducted with smaller time intervals 
(e.g. 1 minute) to more accurately determine rainwater runoff 
amount and sewage surcharge.  

The number of buildings suitable for refurbishment with 
green roofs must be evaluated by analyzing serial residential 
building roof load carrying capacity. 

Moreover, green roofs have many other ecological benefits 
not reviewed in this paper. The most important field of studies 
about green roof development should be about green roof 
possibilities to reduce air pollution and urban heat effect in 
Riga, as well as opportunities to create habitat for plants and 
animals in the city center.  
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Groundwater Transport of Sulphates in the Estonian 
Oil Shale Mining Area 
Merle Otsmaa, Tallinn University of Technology 

Abstract – The development of Estonian power engineering on 
the basis of oil shale has caused several changes in the 
environment. One phenomena which accompanies oil shale 
mining is heightened content of sulphates in groundwater and 
surface water. 

The aim of this research is to give an overview of groundwater 
and surface water transport of sulphates in the Estonian oil shale 
mining area and find out the regularity of its distribution during 
the time. As is known the aquifer containing the exploitable oil 
shale seam is influenced by mining activities the most, but also 
the quality of upper and lower aquifers can change. It is very 
important to clear up the vertical distribution of sulphates in 
different water-bearing horizons. 

The phosphorite mining area which finished its activity in 1991 
is also included in the research. The aim is to clear up to what 
extent environmental conditions have become better and draw 
conclusions on the ground of old closed mines for working mines 
for getting to know how much time it will take for self-cleaning of 
the environment. 

 
Keywords – groundwater, mining, oil shale, sulphates. 
 

I. INTRODUCTION 

Oil shale production in Estonia started in 1916 [1]. At 
present, sixteen mines and open casts have been closed and 
two mines (Estonia and Ojamaa) are in production (Fig. 2). In 
addition to that, Narva and Sirgala opencasts are working. Oil 
shale mining causes several environmental problems. One of 
them is changing the composition of groundwater and surface 
water. Sulphate-ion is the most important indicator in the 
underground mining area [19]. The permissible content of 
sulphates by drinking water standard is 250 mg/l, or 350 mg/l 
in lower quality drink water. On ground of water analysis it is 
known that the baseline content of sulphates is 20 – 30 mg/l in 
natural groundwater. 

II. HYDROGEOLOGICAL CONDITIONS 

The hydrogeological properties divide the water-bearing 
formations into aquifers and aquitards (Fig.1). The layers of 
sedimentary rocks are sloping from the north southwards. The 
hydrogeological cross-section of the Estonian oil shale area 
consists of:  

1. Quaternary aquifer system 
2. Ordovician aquifer system: 

a) Nabala-Rakvere aquifer; 
b) Oandu aquitard; 
c) Keila-Kukruse aquifer; 
d) Uhaku aquitard; 
e) Lasnamäe-Kunda aquifer; 

f) Volhovi aquitard; 
3. Ordovician-Cambrian aquifer system 
4. Voronka and Gdov aquifer 

 
Natural water is in all aquifers of HCO3-Ca-Mg or Mg-Ca 

type with a mineralization of 0.2 – 0.6 g/l. Only in deeper 
Voronka and Gdov aquifer is the water mostly of Cl-HCO3-Na 
type. The mineralization of that aquifer increases from west to 
east and is in the eastern part up to 1.3 g/l [1]. 

III. MINE IMPACT ON THE GROUNDWATER CHEMISTRY 

The productive bed of oil shale is a part of Keila-Kukruse 
aquifer. Due to mining technology, the table of groundwater 
has lowered below the level of oil shale stratum as a result of 
which a large depression cone is formed. In the areas where 
Keila-Kukruse aquifer is the first one from ground surface, the 
influence of dewatering extends to the distance of 1.5 – 2 km 
from the drainable area. Under the Nabala-Rakvere aquifer, 
the radius of depression cone of Keila-Kukruse aquifer is 5 – 
6 km, at the same time in Nabala-Rakvere aquifer it is only 0.5 
– 1.5 km. The lowering of Lasnamäe-Kunda aquifer extends to 
Lake Peipus in the south and to Narva River in the east. 

Influx of oxygen transported into water-saturated layers 
raises the mineralization of ground water 2 – 3 times due to 
increasing of contents of sulphates, calcium and magnesium 
(Table I) [3]. Increased hardness is in the range of 10 – 16 
mg.Eq/dm3. 

Significant enrichment of water with the sulphates takes 
place due to oxidation of pyrite. Sulphidic mineralization is 
associated with tectonic fissures what are running mostly in a 
northeastern-southwestern direction [1].  

Only microcrystalline pyrite dispersed in the rock is suitable 
for oxidation [2]. Ordovician carbonate rocks consist 0.1 – 
0.2% microcrystalline pyrite, oil shale 1 – 2% [4]. In mine 
water HCO3-ion is to a great deal replaced with SO4-ion 
(Table II). Reputedly the productive bed of oil shale consists 
of varying seams of kukersite and limestone. The formation of 
sulphates takes place in two stages. 

I stage: 

2FeS2+7O2+2H2O→2FeSO4+2H2SO4   (1) 

II stage: 

H2SO4+CaCO2→CaSO4+CO2+H2O    (2) 
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Fig. 1. Hydrogeological cross-section of the Estonian oil shale area [1]. 

TABLE I 

 TYPES OF GROUND WATER [5] 

Type of 
water 

Mineralization, 
g/l 

SO4 content, 
mg/l 

Origin of water 

HCO3 0.3 – 0.4 < 20 Natural. 

SO4-HCO3 0.4 – 0.6 100 - 200 Inflow of Ahtme and 
Estonia mine, circle of 
influence of Sirgala 
opencast, outflow from 
Estonia mine and 
Viivikonna open cast. 

HCO3-SO4 0.8 – 1.0 200 - 600 Outflow from Ahtme 
and Sirgala, closed 
mines and dumps of 
Kohtla opencast. 

SO4 2.5 - 8 1000-3000 Maardu phosphorite 
opencast. 

TABLE II 

CHANGING OF WATER COMPOSITION 

Indicator, 

%-ekv 

Natural 
Ordovician 

water 

Operating Estonia mine Closed 
mine 

Aidu 
opencast 

Sphere of 
influence of 

opencast 

Kohtla 
dump 

Maardu phosphorite 
opencast 

Overburden Pumping 
station 

Closed 
opencast 

Burning dump 

Mineralization 0,32 0,63 0,68 1,0 0,81 0,49 1,2 2,7 7,8 

Na+ 3,0 1,0 2,0 2,0 2,0 3,0 2,0 0,5 0,5 

K+ 1,5 0,5 1,0 0,5 0,5 1,0 0,5 0,5 1,0 

Ca2+ 26 29 29 34 39 36 30 22 11 

Mg2+ 20 19 17 13 11 9 19 27 38 

HCO3
- 45 30 26 20 19 27 14 6 2 

SO4
2- 1,5 20 22 26 28 11 33 44 48 

Cl- 2,0 1,5 2,0 3,5 2,5 5 2,5 0,5 0,5 

          

The neutralization of acid takes place under the influence of 
carbonate rocks. Estonian oil shale – kukersite does not 
generate acid water. Its main impact on water bodies is an 
elevated concentration of sulphates [9]. 

Most of the mine shaft water samples with sulphate 
concentrations greater than about 1000 mg/l are close to 
saturation with gypsum [10]. During an experiment carried 
through in a South African mine, water containing 4 g/l H2SO4 
and 582 mg/l Fe(III) was neutralized in the cone-shaped 
fluidized-bed reactor. Sulphate was removed from 4200 to 
2000 mg/l as a result of gypsum crystallization. The level to 
which sulphate is removed is influenced by temperature, ion 
strength and the solubility of metal-calcium-sulphate 
complexes [11]. 

As Fe(II)SO4 does not remain stable there will take place II 
stage of reaction: 

4FeSO4+O2+10H2O →4Fe(OH)2+4H2SO4   (3) 

The mineralization and composition of metamorphic water 
containing SO4-ions is regulated by geochemical barrier which 
is for calcium sulphate 2.5 g/l. For easily dissolvable 
magnesium sulphate this barrier does not exist, but the 

limitation factor is the low level of reactive pyrite. Therefore 
the mineralization of metamorphic water is about 1 g/l. 

The ash emerging in power stations due to oil shale 
combustion contains over 10% free lime and is lead to dumps 
by hydro transport. Repeatedly used water reaches the 
mineralization up to 5 g/l. The SO4 content of water is up to 
3500 mg/l, Ca-content up to 2000 mg/l and pH 12.5 [5], by 
other data the SO4 content of waste water in sedimentation 
basins of Baltic power station is up to 4200 mg/l, 
mineralization 15 – 19 g/l. In the area of ash fields of power 
stations and chemical concerns the sulphate pollution is 
observed also in Ordovician-Cambrian aquifer system. 

In the mining area it is possible to distinguish natural, 
natural-technogenic and technogenic aeration zones. The 
natural aeration is located higher than the natural ground water 
level in untouched rock layer. The preliminary pyrite has a 
long time ago oxidized, and formed sulphate-ions are carried 
away with infiltration water [7]. A natural-technogenic 
aeration zone is formed in the area of depression cone in rock 
layer untouched by mining operations. In dewatered layers 
pyrite will fall under the influence of oxygen and the increased 
amount of SO4-ion is observable already in case of small 
content of pyrite, for example in wells 1 – 3 km from Aidu 
opencast. The technogenic aeration zone will form in broken 
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rock massive where the oxidation is taking place more 
intensively and the formed SO4-ions will be easily carried 
away by water. The HCO3-SO4 Mg-Ca water is formed 
(Tables I, II). 

Technogenic groundwater is formed in dumps of opencasts 
and in depleted mining area. Dewatering of the aquifer 
increases the thickness of aeration zone and an oxidizing 
environment will be formed. 

IV. THE TRANSPORT OF SULPHATES 

The water of mines and opencasts is pumped out into 
sedimentation basins where suspended matter will be 
deposited.  From Fe(OH)3, the oxidation product of pyrite, 
will form Fe2O3 what will be deposited therein. It is testified 
by red colored limestone pieces in Viivikonna opencast. But 
SO4-ion is carried away with groundwater and surface water 
drain. Henceforth the sulphur will be bound with calcium and 
magnesium, no more with iron like in pyrite. Sulphate is 
highly soluble under all temperature and pH conditions, 
whereas sulfide solubility is pH-dependant [12]. Sulphate 
concentrations will be lowered mainly through mineral 
precipitation (gypsum) or biological assimilation into plant or 
microbial tissue. Rates of sulphate reduction depend on pH, 
redox potential, type and quantity of available organic matter 
and the ratio of organic carbon to sulphur. Higher organic 
carbon concentrations increase sulphate reduction. 

From sedimentation basins the mine water is directed into 
Purtse and Vasavere Rivers and by Roostoja River into 
Rannapungerja River (Fig. 2). From Narva and Sirgala 
opencasts the water flows into Mustajõgi River and further 
into Narva River.  Jõhvi ditch, Kose and Sanniku streams are 
draining Tammiku and Ahtme closed mines and are flowing 
into Rausvere River which leads its water into river Pühajõgi. 
A part of mine water is leaded by ditches springing from the 
west and the east into lakes Konsu and Kurtna [1]. In the 
region of oil shale mining on an average 15 million m3 of 
water is being pumped out of mines monthly [14]. 

A. Water in Closed Mines. 

Water outflow from Käva mine takes place by its 
southwesterly ditch into Kohtla River (Table III). The area of 
closed Kiviõli mine is situated on the territory of Kiviõli oil 
shale plant, which has been an essential and long-time source 
of pollution. The northern part of the mine is isolated by 
railway from the southern part. Mine water of the northern 
part passes through the plant’s pumping station and water-
purification of Kiviõli town.  South side water flows out by 
gravity, pervades Küttejõu opencast and falls into Purtse 
River. 

Separated from each other, the closed mines are partially 
filled with water. Water changing through the safety pillars 
between mines is not excluded. The mineralization of water of 
the Kukruse mine was 1.3 g/l and sulphate content 500 mg/l, 
but during ten years (1985 – 1995) the mineralization 
decreased up to 0.77 mg/l and sulphate content till 176 mg/l. 
Dynamic of water quality in closed mines is not investigated 
enough and it demands further researches [1]. 

Observations of critical changes in water quality of the 
closed mines are made by Geological Survey of Estonia. The 

mineralization of water increased and exceeded even 2 g/l, 
hardness 15 – 20 mg.Eq/l and sulphate content 500 mg/l. It has 
also been estimated that if the groundwater table rises higher 
than 45 – 47 m, the water in Ahtme mine field will affect the 
water level and quality in the Vasavere intake. According to 
prognoses, after filling the mine with water over 8 – 10 years, 
the groundwater flow will be directed towards buried valley. 
This creates conditions for deterioration of water quality in 
Vasavere intake because of organic compounds inflow from 
bog water and maybe also due to the mine water. The content 
of sulphates, ammonium and calcium can increase in the water 
intake. 

 

 

Fig. 2. The boundaries of oil shale mines and water bodies influenced by 
mining activities. 

V. THE STATE OF RIVERS AND LAKES 

From 1992, the water quality of rivers is regularly 
monitored. Water composition is analyzed primarily once a 
month. In observable Alajõe River there is in average 21 mg/l 
sulphates and in Tagajõgi 19 mg/l. In the mouth of Narva 
River there is 21 mg/l sulphates and in the head 17 mg/l (Fig. 
2) [18]. Some rise of sulphates is noticeable in Kunda and 
Selja rivers; the contents are accordingly 43 and 56 mg/l. An 
extremely high content of sulphate was measured in Kunda 
River in June of 2009 – 230 mg/l. During the years the 
average content of sulphates in rivers Roostoja and Pühajõgi is 
181 mg/l. In Pühajõgi especially high sulphate content was 
ascertained from summer 2005 till late autumn 2008: the 
average content was 302 mg/l and the highest in August-
September 2006: 470-480 mg/l. 

The most abounding in sulphates are waters of the rivers 
Mustajõgi and Purtse: the average contents 289 and 282 mg/l, 
respectively. The water composition of Purtse River is 
influenced by former Kiviõli mine and Aidu opencast. 
Mustajõgi flows through the Narva opencast. The water of 
Mustajõgi is analysed since 2001. Higher contents cleared out 
during the years 2006 – 2008 (the highest in August of 2007 - 
580 mg/l). There is no data for 2009. In 2010 and 2011 the 
samples were taken more seldom than earlier. 

In Purtse River higher average contents were found in years 
2002 and 2003, when there were sulphates at the levels of 466 
and 373 mg/l, respectively. The highest contents in samples 
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were over 600 mg/l. Since 2008, the amount of sulphates in 
Purtse River has decreased (274 – 220 mg/l). 

In the area where the mines and opencasts are situated is the 
buried valley of Vasavere with 42 lakes of Kurtna (Fig. 3). 
Here is also Vasavere water intake with its numerable bored 
wells which get their water from a Quaternary water system. 
The high-quality subsoil water is connected with a lot of lakes 
and also with Ordovician groundwater which is drained by 
Ahtme and Estonia mines in the west and Sirgala opencast in 
the east. In order to avoid lowering of the water table of 
subsoil and lakes there is grounded on the range of 5.1 km 5 – 
15 m wide and 2 – 5 m deep infiltration basins for water 
pumped out from opencast. 

Mine water is flowing from Estonia mine by Raudi 
watercourse into Lake Nõmmejärv, passing lakes Särgjärv and 
Ahvenjärv. Lake Suurjärv gets its water from Vasavere river 
where is directed Ahtme mine water. Since 1980 a persistent 
rise of sulphate content (up to 190 mg/l) is observed in Lake 
Konsu. Sulphate content in Nõmmejärv was 355 mg/l in 2006. 
Compared with the year 1953, there were only 16 – 21 mg/l of 
sulphates. Water samples are also taken from lakes Martiska, 
Kuradijärv and Kurtna Valgjärv, but there was sulphate 
content within the range of 10 – 20 mg/l. 

Active transformation of the water body takes place in lakes 
with restricted water change. In 1937, the mineralization in 
Nõmmejärv was 0.2 g/l and SO4 content 5 mg/l, after 
inflowing of mine water accordingly 0.65 g/l and 300 mg/l [7]. 
In the Finnish Gulf there have always been acidic conditions 
but in lakes develop local reducing zones. In the case of 
heightened SO4 content, H2S begins to form. If there is not 
enough iron for binding of H2S in the water or lake mud, it 
will spread in the entire reducing zone influencing 
perniciously on ecosystem of lake. 

 
Fig. 3. Observable lakes of Kurtna  

Accruing municipal water abounding in organic matter will 
intensify this process and form a „dead„ zone. These zones are 

not formed in Lake Peipus thanks to the large amount of 
water, but water quality is nevertheless becoming worse.  

VI. SULPHATES IN GROUNDWATER 

The transport of sulphates takes place not only by streams 
and rivers but also by groundwater. The piezometrical level of 
Keila-Kukruse aquifer lowers southwards and eastwards, 
consequently the groundwater is also flowing in that direction. 
Any essential increase of sulphates in wells away from the 
mining area is not noticed. Evidently most of the SO4-ions are 
moving with the surface water. 

The overview of the state of the groundwater is based on 
the analyses of 140 wells of the period of the years 1959 – 
2010 [17]. Water samples are taken very irregularly, from 
some wells only one sample during the entire period. Water 
samples are taken from different aquifers therefore is possible 
to make conclusions about their quality separately. Most of the 
samples are taken in the years 1980 – 2000 when oil shale was 
excavated in the largest capacity. Later observations of water 
quality have been hindered by several political and economic 
issues. Unfortunately the termination of taking water samples 
does not mean that water quality has normalized or that no 
observation is necessary. 

The largest content of sulphates is principally in mine water 
in the time period 1970 – 2000. Henceforth water samples are 
taken only from Viru and Kiviõli mines and Aidu opencast. 
The highest sulphate contents were observed in 1975 in 
Sompa and in 1989 in Kiviõli mines, at the levels of 1184 and 
1241 mg/l, respectively. In 1988 in Viivikonna opencast the 
sulphates were observed at a level of 1083 mg/l. 

On the basis of existing water analyses the tendency of 
increasing sulphate contents is noticeable, but in time period 
of 1990 – 2000 has also been observed sulphate concentrations 
decline at places. Out of the mining area, the water quality 
meets the requirements of the drinking water standard. For 
example, in the boundaries of Vasavere buried valley, the 
sulphate content is mostly less than 10 mg/l or at least less 
than 100 mg/l. 

 
Fig. 4. The highest sulphate contents through the ages in groundwater and 
rivers. 
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The highest sulphate contents through the ages are 
presented in Figure 4. The most polluted areas are opencasts 
and old mines, nearness of sedimentation basins and pumping 
stations. 

In Vasavere water intake, the most sulphate-rich water was 
ascertained in 1980 and in 1997 containing 137 mg/l and 
165 mg/l sulphates. 

 
Fig. 5. Sulphate contents of Keila-Kukruse aquifer in mines, mg/l. 

In mine water the SO4 content has been 24.3 – 1642 mg/l; 
in wells 31.7 – 846.7 mg/l. The maximum contents are 
ascertained in waste water purification installations [6].  

A. Sulphate distribution in different aquifers. 

Ordovician-Cambrian aquifer is more protected from 
impact of human activity than the upper aquifers. The most 
affected in mining area is the Keila-Kukruse aquifer owing to 
exploitable oil shale. Based on data of neighboring wells 
opening different aquifers in most cases the Keila-Kukruse 
aquifer is richer in sulphates than the Lasnamäe-Kunda 
aquifer. In many cases the contents are more or less equal. In 
Figures 5 and 6 we can see that in Kohtla mine the Lasnamäe-
Kunda aquifer is even more contaminated than the Keila-
Kukruse aquifer. In Tammiku and Ahtme mines the situation 
is reversed. Also Ordovician-Cambrian aquifer includes 
usually less sulphates than Keila-Kukruse aquifer. Compared 
with Nabala-Rakvere aquifer Keila-Kukruse aquifer includes 
sulphates to a lesser extent. Evidently it is caused by good 
availability of oxygen in the aeration zone of the upper rock 
layers. High pollution in some cases can also reach the deep 
aquifers, for example an Ordovician-Cambrian well in 
Varinurme village of Sonda forest district (SO4 content 
910 mg/l) (Fig.6). In the same village the Lasnamäe-Kunda 
aquifer (459 mg/l) and a Keila-Kukruse well (950 mg/l) are 
strongly polluted. In the old pumping station of the Kohtla 
mine both the Lasnamäe-Kunda and Keila-Kukruse aquifers 
(466 and 476 mg/l) are equally polluted. However, in Edise 
village the sulphate content of Ordovician-Cambrian aquifer is 
essentially lower (85 mg/l) than in the Keila-Kukruse well 
(290 mg/l) of the same village. 

B. Time dependent sulphate distribution. 

Evidently the observation of water quality changes in the 
mining area is only observed since the 1960. At that time, 
heightened sulphate content is noticeable in the region of 
Tammiku, Viru and Sompa mines. In the seventies the 

sulphate content also increased in the northern part of 
Vasavere valley, since water pumped out from the Ahtme 
mine was lead into Vasavere River. In the 1980s further 
enriching of water with sulphates takes place and in the 1990s 
the pollution expanded in the area of Estonia mine. In 
Atsalama village the average sulphate content was 289 mg/l, 
the maximum in spring 1996 in Nabala-Rakvere aquifer was 
473 mg/l. 

 
Fig. 6. Sulphate contents of Lasnamäe-Kunda aquifer in mines, mg/l. 

Long-term observations have shown that water quality in 
closed mines (Kiviõli, Sompa, Tammiku) has begun to 
improve (Fig. 5). However in operating mines, the sulphate 
contents are rising (Estonia, Viru). On the whole, water 
composition is slowly improving. 

It is argued that purification of water is best described by 
the exponential function [14].The time period during which 
the content of sulphates decrease twice, is about 1.8 years for 
sulphates and in about 5 years after the closure of a mine the 
content of sulphates ought to be decreased below the 
maximum permitted level in drinking water (250 mg/l). 

TABLE III 

WORKING YEARS OF OIL SHALE MINES 

Mine Work started Closed 

Kukruse 1916 1967 

Kiviõli 1922 1988 

Käva 1924 1973 

Kohtla 1937 2001 

Ahtme 1948 2002 

Sompa 1949 1999 

Mine 2 1949 1974 

Tammiku 1951 1999 

Mine 4 1953 1975 

Sirgala 1963  

Viru 1965 2012 

Narva 1970  

Estonia 1972  

Aidu 1974 2012 

 
Unfortunately we cannot see it on the grounds of available 

data. In Tammiku mine the sulphate content has decreased 
during 10 years only about 50 mg/l, which is a sixth of the 
whole amount. In order to decrease as much, it will probably 
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take 30 years. In Sompa mine the decrease of sulphate during 
the same period has been about 100 mg/l. 

Analyzing the changes of sulphate content in river water is 
clearly to see the regularity according to which the minimum 
sulphate contents appears in April, maximum contents in 
August and September. Higher contents are characteristic also 
in June, July and October. Evidently the reason lies in 
precipitation intensity. 

Surveys have been irregular. Mainly water samples are not 
taken in January, February, November and December. 

VII. MAARDU PHOSPHORITE MINING AREA 

Phosphorite was excavated in the neighborhood of Maardu, 
in Ülgase occurrence by underground mining method in the 
period from the years 1926 – 1938. The Maardu phosphorite 
mine was operating from 1940 – 1965. In1954 excavating 
started in the Northern opencast and in 1975 in the Southern 
opencast. At the end of 1990 the area of excavated opencast 
was 13 km2. In May 1965 underground mining of the ore was 
finished and all the phosphorite producing ended in 1991. The 
purposeful environmental investigations began in 1993 in 
Maardu. 

The main source of reactive pyrite is in Maardu 
Dictyonema argillite which contains 4% pyrite. Argillite 
makes 1/3 of the mass of dumps. Dump water is SO4 Ca-Mg 
type with mineralization >2.5 g/l [7]. The total area of Maardu 
dumps is 10.6 km2, every square meter containing on the 
average 7 tons of shale opened to the access of atmospheric 
oxygen [16]. Unlike the conditions in the oil shale area, there 
is nothing in this location for neutralization of H2SO4.  

 
Fig. 7. Location of Maardu phosphorite opencast 

Oxidation of FeSO4 in acidic milieu takes place only by 
means of bacterium Thiobacillus ferrooxidans [5]. 

4FeSO4+O2+2H2SO4→2Fe2(SO4)2 +2H2O   (4) 

Fe2(SO4)3+FeS2 →3FeSO4+2S     (5) 

Iron (III) sulphate is in acidic milieu a potent oxidizer of 
pyrite. Free sulphur oxidizes by the agency of air oxygen by 
means of Thiobacillus ferrooxidans  

2S+3O2+2H2O→ 2H2SO4     (6) 

In Maardu opencast the oxidation of pyrite took place more 
intensively because the carry off of oxidation products was 
quick and more complete than in case of pyrite oxidation in 
carbonate rocks where Fe(OH)3 precipitates on the spot ( red-
colored limestone pieces in Viivikonna opencast). 

During the mining period in Maardu three pumping stations 
were in operation and the water was directed directly into 
Muuga bay or Lake Maardu. Regional groundwater flow is 
from the south to the north, the direction of opencast water 
from the east to the west (to the underground mine and Kroodi 
stream). The local watershed is in the area of Ülgase village 
where a part of the water flows towards opencast and another 
part in the direction of clint. Lake Maardu has been the main 
reservoir of technological water for the chemical plant of 
Maardu [7]. The inflow to Lake Maardu consisted in the 
ground of data from 1977: 

1) Natural inflow (precipitations, ground- and surface 
water) – 4.55 mln m3; 

2) Artificial flow (Jõelähtme River) – 2.4 mln m3; 
3) Opencast water – 7.31 mln m3. 

 
There are two aquifers in Maardu district: 
1) Ordovician limestone and sandstone, base Dictyonema 

argillite; 
2) Ordovician-Cambrian sandstone, base Cambrian blue 

clay [8].  
 
On the area of opencast the upper water system is absent 

and the lower aquifer is free surfaced, its upper part is formed 
in dumps. Opencast represent a big depression cone 
dewatering Ordovician aquifer. The watershed is situated 
more or less in the center of the investigated area. In the 
opencast there has formed a stabile hydrogeological regime; 
the inflow is equal to outflow. 

TABLE IV 

WATER COMPOSITION IN MAARDU [7] 

Origin of water pH Mineralizati
on, g/l 

SO4, mg/l 

Water of burning dump  1.8 – 2.5 15 - 70 3500-55000 

Water of burned dump  2.7 – 7.5 0.1 – 3.0 10 - 2200 

Water of not-burning 
dump  

2.8 – 3.0 3.4 2300 - 3000 

Groundwater in burning 
zone  

6.7 – 7.2 6 - 8 4000 - 6000 

Groundwater out of 
burning zone  

7.0 – 7.5 0.3 – 0.6 20 - 200 

Opencast water 7.0 – 7.6 0.7 – 3.5 350 - 2300 

Lake Maardu  7.8 – 8.6 0.45 – 0.65 200 - 300 

Kroodi stream 6.7 – 8.1 0.9 – 1.8 440 - 650 

TABLE V 

IMPROVED WATER QUALITY 

Place Time pH Mineralization, 
g/l 

Sulphates, 
mg/l 

Boreholes 

 

1984 - 90 7.46 3.2 2210 

1996 7.1 3.5 2092 
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Trench 

 

1984 - 90 8 8.9 5921 

1996 8 4.3 2775 

Outflow 
from old 

mine 

1994 6.6 4.6 2921 

1996 6.8 3.9 2740 

 
Water level is changing on a scale of 0.1 – 0.5 m. The 

absolute height of the water table in trenches and dumps was 
31 – 33 m, in a depth of 10 – 17 m from the ground surface. 
The water of trenches and boreholes do not essentially differ 
in their chemical composition. Vertical filtration from dumps 
to sandstone is small. 

In course of investigations of 1996, the quality of opencast 
water was determined, as was the quality of surrounding 
ground- and surface water.  The investigations were carried 
through by AS Geotehnika Inseneribüroo. 15 bore holes were 
made, water samples were taken two times from ten 
observation points. The results of the analyses of opencast 
water were compared with analyses from the 1980s where it 
was possible to notice some improvement of the state of 
opencast water. The sulphate content was about 5600 mg/l in 
the period of 1984 – 1990 and in1996 it decreased to 
3100 mg/l. (Table IV [8]). 

In 2010, a water sample was taken in observation point 12 
(Fig. 8). Analyzing this sample with field laboratory sulphate 
content about 1200 mg/l was ascertained. In 1977 this 
substance was 1130 mg/l. In Kroodi stream the sulphate 
contents have been: in year 1977 – 584 mg/l, 1996 – 280 mg/l, 
2012 – 627 mg/l [18]. 

The water in local dug wells is not much influenced by 
phosphorite mining but by other factors. The highest sulphate 
content was in a well of Vainu homestead in Rebala village 
(375.9 mg/l) which does not meet the drinking water standard 
(Fig. 8) [8]. 

On the basis of data from the Estonian Environment 
Information Centre, heightened sulphate content is observed in 
Maardu town, primarily near to Lake Maardu. Water analyses 
are made in the years 1998 – 2006 and the sulphate contents in 
Silurian-Ordovician and Ordovician-Cambrian aquifers are 
mainly over 100 mg/l, the highest 229 mg/l in July 2003. In 
Vandjala the Silurian-Ordovician water contains sulphates 40 
– 75 mg/l, Ordovician-Cambrian water in Rebala and Manniva 
villages up to 56 mg/l which is not common for completely 
unspoiled water composition. Cambrian-Vendian water 
contains sulphates mainly less than 10 mg/l, nowhere over 
20 mg/l. Unfortunately, only one analysis is made for each 
well, and therefore it is not possible to observe changes in 
water composition. 

 

 
Fig. 8. Researches in Maardu phosphorite opencast. 

On the basis of some data [20] the mineralization of mine 
water was 0.65 g/l in 1945 and 3.0 g/l in 2001. Through the 
burning argillite washed water had mineralization up to 67 g/l 
(1977), among them sulphate content up to 50 g/l. 

VIII. WATER SULPHATE CONTENT REGULATION METHODS  

Biological treatment with sulphate-reducing bacteria (SRB) 
has been considered as the most promising alternative for acid 
mine drainage (AMD) decontamination [13]. SRB have the 
ability to reduce sulphate to sulphide and this sulphide reacts 
for example with copper, iron and zinc, forming insoluble 
precipitates. Heavy metals are generally toxic for 
microorganisms. Toxic concentrations for SRB range from a 
few ppm to as much as 100 ppm. The experiments verified 
that sulphate was completely reduced after 20 days in water 
with iron content smaller than 0.4 g/l. It has been reported that 
the characteristic toxic concentration of zinc for SRB is 13 – 
40 mg/l. But no growth of SRB observed at 2 mg/l of copper. 

Another possibility is to remove sulphates from mine water 
by precipitating BaSO4 with BaS [15]. Untreated mine water 
with SO4-ion of 2060 mg/l contained after neutralization with 
lime 1970 mg/l SO4. BaS addition decreased SO4 ions content 
to 120 mg/l. 

Gas Redox and Displacement System (GaRDS) is an 
approach devised for stabilizing sulphide minerals by 
manipulating the atmosphere in mining voids. Not only can 
these gas mixtures halt sulphide oxidation and acid generation, 
but they can result in the precipitation of secondary sulphides 
from the accumulated drainage water. GaRDS displaces air 
from the mining voids by introducing biogas to the mine once 
all shafts have been closed. The biogas is comprised of carbon 
dioxide and methane. The GaRDS technique physically 
displaces oxygen and chemically reverses the acid generation 
reactions and stabilizes the acid producing minerals. 

IX. CONCLUSIONS 

The tendency of pyrite oxidation is expanding as ever more 
new exploration fields are taking into use, but in extracted 
fields the oxidation process does not completely cease [1]. On 
the basis of observations pyrite oxidation is slow.  

The current age of the dumped material between 7 and 34 
years means that the dump is still in the early stage of the 
active oxidation phase that lasts for hundreds of years [16]. 
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Low-temperature oxidation is undesirable because of acidity 
generation, water pollution and potential bioaccumulation 
effects and should be minimized by guaranteeing anaerobic 
conditions inside the shale disposal site. 

Mine water loses in the sedimentation basins and ditches an 
essential part of suspended solids but carries in water bodies 
the entire sulphur in the form of SO4-ion. In oxidizing 
environment SO4-ion is stable and harmless but in reductive 
conditions as H2S, very toxic and causes a major damage [5].  
Owing to oxidation process of pyrite and as a result of 
dewatering when 230 – 260 mil m3 water yearly with SO4-ion 
content of 200 – 500 mg/l is pumped out from mine every year 
15 – 40 thousand tons technogenic sulphur get into 
geochemical circulation. 

In order to develop the right conclusions, the amount of 
initial data is too small. Water samples are taken quite seldom 
and occasionally. On the grounds of these samples the 
prognoses about improving the state of the water are not very 
optimistic. Decreasing sulphate content does not occur very 
quickly. In some cases it may even rise in recently closed 
mines (Fig. 5). In Maardu the situation has considerably 
bettered (Table V), but not in Kroodi stream. As a rule, the 
samples in different times are not taken from one and the same 
place which makes it difficult to make accurate inferences. 

It is necessary to keep an eye on the fact that in nature the 
balance between mobile and immobile forms of elements is 
regulated with geochemical barriers. However no barrier 
exists in nature for effective elimination from circulation of 
technically-created mobile elements. This balance is also 
possible to achieve in a technical way, establishing water 
purification facilities. 
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