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Recycled material application for encapsulated phase change material thermodynamic
property improvement in active solar systems

Ance Ansone, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Aivars Zandeckis, M.Sc.ing. Mikelis Dzikévics

This paper presents theoretical and experimental research on thermodinamics of the
encapsulated phase change materials (PCM). Experiments will be carried out with recycled graphite
from local industrial enterprises to explore the possibilities of industrial symbiosis.

Phase change materials are often used for solar energy accumulation. PCM has large latent heat
capacity, which is why they are suitable for energy storing. Solar radiation is cyclic and variable
during daytime, so it is important for storage material to have quick response time in case of
temperature changes. In solar thermal systems which use water as a heat transfer fluid, it is possible to
accumulate heat relatively fast, but specific heat capacity of water is comparatively smaller than
potentially possible accumulated energy. Traditional solar thermal systems use water as a heat transfer
fluid since it has relatively high specific heat capacity and thermal conductivity, however energy is
stored only as a sensible heat. PCM allow to store energy also in latent form. To improve energy
accumulation systems, encapsulated PCM spheres are placed in water tank. Since solar radiation is
not constant, PCM needs high thermal conductivity to accumulate energy in short period of time. It is
possible to improve thermal conductivity by adding to PCM additional materials which have higher
heat conductivity. Agyenim et al. (2010) in his publication experimented with metal rings, carbon
brushes, graphite flakes to improve heat conductivity of encapsulated PCM. The possibility of using
recycled materials for thermal energy accumulation was researched by Reyes et al. (2014) where PCM
was filled in soft drink cans made of aluminum. Additionally aluminum strips were placed inside the
cans. It was found that the use of aluminum cans and strips doubled total thermal conductivity
compared to pure PCM.

The aim of this research is to analyze the possibilities to use recycled materials with
encapsulated PCM in solar thermal systems, improve heat conductivity of PCM by using recycled
materials and to develop system dynamics model for theoretical research of encapsulated PCM.

Kopsavilkums

Darba merkis teorgtiski un eksperimentali pétit iesp&jas uzlabot iekapsuléto fazu parejas
materialu (FPM) siltumvaditspgju izmantojot recikl€tus materialus no viet€jiem riipniecibas
uzpémumiem, kuriem razoSanas procesa grafits un metala sakaus€jumi paliek ka atkritumi.

Darba tiek veikta vispargja literatiiras analize par saules siltuma akumulacijas sistémam un to
nozimigo lomu misdienu pasaul€, kura pariet uz atjaunojamiem energoresursiem. Tiek analiz&ta
informacija par fazu parejas materialiem, to problemam, ka ar1 tiek aplukotas Iidz Sim pétitas
proporcijas FPM maisfjumiem ar tiram vielam siltumvaditspgjas uzlabosSanai. Tika izstradats ari
sistémdinamikas modelis programma Powersim Studio 10 ar mérki teor&tiski simulét iekapsuléta FPM
energijas akumulaciju un pétit sféras parametru ietekmi uz akumulétas energijas daudzumu. Darba
eksperimentalaja dala tiek veikti petijumi ar fazu parejas materialu iekapsuléSanu, recikleto materialu
apstradi prieks pievienosanas FPM, un tiek mekléti labakie risinajumi optimalai energijas akumulacijai
izmantojot FPM ar recikleto materialu piemaisijumiem. Darba nobeiguma tiek veikti secinajumi par
recikl€to materialu ietekmi uz FPM siltuma vaditspgjas uzlabosanas iespg&jam, pozitivajiem aspektiem
un trikumiem, kurus baitu janovers, ka art sniegti priekslikumi turpmakai iekapsuléto FPM izpétei un
uzlabo$anai prieks aktivajam saules siltuma akumulacijas sistemam.



Wood resources mobilization opportunities in Latvia

Zanda Jansone, Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Habil.Sc.ing. Dagnija Blumberga, M.Sc. Indra Muizniece

This paper presents an evaluation of wood resources in Latvia. Data about the development of
forest industry since year 1990 till 2014 were collected and analyzed. All data were collected from
National forest Services database. Collected data were sorted and summarized in form of cartographic
materials, where you can see current situation of wood resources and forest areas from different
viewpoints.

Wood area occupies above 53 % of Latvian territory. Over the years area of wood has increased.
Latvia is one of the greenest countries in European Union, but Latvia does not use this resource
sustainably. Usually we are exporting timber and after that importing high quality material, which
could be produced here in Latvia. This is true not only with timber, but also with other resources from
forest, for example berries, mushrooms, Christmas trees and other that can be used in various ways.
Data analysis will allow to determinate how these resources could be most efficiently used in each
region of Latvia.
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Forest areas in regions of Latvia in 2014

Cartographic materials show how many and what kind of timber resources are in each region of
Latvia. For example, in a picture above you can see forest areas and regions of Latvia, in 2014. By
analyzing these data, each material gives opportunity to see what kind of resource, type of timber is
better use in each region and what mobilization opportunity is best for it. For example, if in region are
a lot of conifers, it could be used in resin extraction or needle extract acquisition.

Kopsavilkums

Darbs veikts ar mérki izvertét meza resursu mobilizacijas iesp&jas Latvija. Apkopoti un analizéti
Valsts meZa dienesta statistikas dati laika perioda no 1990. lidz 2014. gadam. Sie dati tika attloti
kartografiska veida, lai vizualiz€tu meza resursu pasreiz&jo situaciju Latvijas novados. Veikta
pasreiz€ja meza resursu izmantoSanas analize un izstradati ieteikumi ilgtsp€jigai meza resursu
izmantoSanai nakotné. Darba veikta literatiiras analize, Kura atspogulota citu valstu pieredze meza
resursu izmantoSana.



Thermal superinsulation in buildings

Gatis Stolcers, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Dzintars Jaunzems

This work shows thermal conventional, new and super insulation materials physical and
chemical parameters, economical gain and affect to nature and health. Main aim is to understand main
issues in superinsulation materials, which have made them been unpopular and why they have taken so
tiny part of global insulation materials market.

There are scientists who say that conventional insulation materials have reached their maximum
by price and technical parameters and that is main reason why scientists desperately are researching
and testing superinsulation materials to make them more effective and these materials will be more
available to consumers. Main technical parameter for insulation materials is thermal conduction
coefficient (W/(m*K)), for conventional materials it is 0.03-0.05 (W/(m*K)), while superinsulation
materials reach 0.012-0.02 (W/(m*K)). But if we are taking a look to global market, it is clear that
conventional insulation materials are dominating.

Main issue nowadays for superinsulation materials is high price, what makes it unavailable for
most part of consumers. Also it requires special learning to set it up, while conventional insulation
materials doesn’t require such a big skills to set them up.

Kopsavilkums

Darba mérkis ir izvertet augstas klases siltumizolacijas materialu pielietojumu &kas, vadoties
p&c tehnisko parametru, ekonomiskajiem, ietekmes uz vidi un veselibu aspektiem, salidzinot tos ar
tradicionalajiem un jaunajiem siltumizolacijas materialiem.

Darba tiek veikta literatliras analize par tradicionalajiem siltumizolacijas materialiem, to
tehnisko parametru, ekonomisko, vides un ietekmes uz veselibu novertgjums. Jauno siltumizolacijas
materialu izejvielu raksturojums, ka ari novertéti tehniskie parametri un materiala lietojuma attistibas
tendences un nakotnes perspektivas. Saja dala arf tiek iepaziti augstas klases siltumizolacijas materiali,
to tehniskie parametri, ekonomiskie aspekti un ietekme uz vidi un veselibu. Otraja dala tiek izvert&ti
augstas klases siltumizolacijas materiali attieciba pret tradicionalajiem un jaunajiem siltumizolacijas
materialiem. Tiek apliikots potenciala pielietojuma novert§jums un izdariti secinajumi par Siem
materialiem.



Energy management system implementation in Latvian municipalities:
from theory to practice

Karlis Beihmanis, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Marika Rosa

In master thesis ,,Energy management system implementation in Latvian municipalities: from
theory to practice” is analysed opportunities and procedures how the energy management system can
be implemented in the municipalities. Goal of this work is to develop guidelines for energy
management system implementation in municipalities. The work is based both on theoretical sources
of information, both on practical research. Were considered most relevant data of municipalities. In
work are used qualitative research methods, including literature analysis and data evaluation.
Obijectives of this work are literature analysis, assessment of the current situation, development of
guidelines for implementing energy management system in municipalities and to transfer experience
from the municipalities where energy management system is being implemented to other
municipalities. This topic is actual at the moment as the goal of Latvia is to increase the renewable
energy share of gross final energy consumption to 40 % in year 2020, to reach 0.668 Mtoe of energy
savings in year 2020 compared to forecasts of year 2007 and limit the country’s total GHG emissions
in year 2020 so that they do not exceed 12.19 Mtoe.

Kopsavilkums

Magistra darba ,,Energoparvaldibas sist€émas ievie$ana paSvaldiba: no teorijas lidz praksei” ir
apliikotas iesp&jas un kartiba, ka pasvaldiba var tikt ieviesta energoparvaldibas sist€éma. Darba mérkis
ir izstradat vadlinijas energoparvaldibas sist€mas ievieSanai pasvaldiba. Darbs ir balstits gan uz
teorétiskiem informacijas avotiem, gan uz praktiskiem pé&tjjumiem. Tika pemti vera aktualakie
pasSvaldibu dati. Darba tiek izmantotas kvalitativas petijumu metodes, kas ieklauj literatiiras analizi un
datu noverteSanu. Darba uzdevumi ir literatiras analize, eso$as situdcijas novertgjums, vadliniju
izstrade energoparvaldibas sistémas ievieSanai pasvaldiba un pieredzes parneSana no pasvaldibam,
kuras energoparvaldibas sistéma tiek ieviesta, uz citam pa$valdibam. Sis temats ir aktuals $obrid, jo
Latvijas mérkis ir palielinat no atjaunojamajiem energoresursiem sarazotas energijas ipatsvaru kopgja
bruto energijas galapatérina lidz 40% 2020. gada, sasniegt 0,668 Mtoe energijas ietaupijumu mérki
2020. gada, salidzinot ar 2007. gada prognozém, un ierobezot valsts kop&jas SEG emisijas, lai 2020.
gada tas neparsniegtu 12,19 Mtoe.



Cost-benefit analysis of integrated approach of waste and energy management

Kristine Dobraja, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Marika Rosa, Mg.Sc. Aiga Barisa

The current needs of sustainable urban development give an effort to focus on environmental
issues during the decision making. In urban areas major environmental concerns are usually related to
air quality problems caused by transport activity. Another topical question is problems arising from
inefficient waste management, i.e. the increasing amounts of waste.

The aim of the paper is to provide a methodology for an integrated approach to waste and
transport management in urban areas. The methodology is based on the application of cost-benefit
analysis and evaluates the waste-to-biomethane process route. The study covers the whole waste-to-
energy system including waste management, energy production and energy end-consumption
alternatives. Cost-benefit analysis was chosen for this analysis as a powerful tool that is used to guide
decisions about the prioritization of different investment options. This approach allows including not
only the investment costs and the economic value of the outcomes but provides wide range of
environmental aspects that have economic valuation.

The cost-benefit analysis of the integrated waste-to-biomethane concept is demonstrated on a
case study of Valmiera city in Latvia. Three alternative scenarios of waste-to-energy are discussed:
biogas usage as a fuel for cogeneration plant; biomethane usage as a transport fuel in public transport;
biomethane injection into the natural gas grid. The results show that introduction of waste-to-
biomethane concept is not only beneficial from the environmental side, but also provides economic

feasibility.
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Kopsavilkums

Darba mérkis ir izstradat metadologiju integrétai atkritumu un transporta apsaimniekoSanas
sistémai pils€tu teritorijas.

Darba ir veikta literatiiras analize par pilsétvides energijas sistémam, galveno uzsvaru liekot uz
atkritumu un transporta sektora apsaimniekoSanu, izvert€jot iespgjas izveidot integrétu biodegradablo
atkritumu un transporta sektoru apsaimniekosanas sistému. Darba praktiskaja dala ir veikta izmaksu-
ieguvumu analizes metodologijas izstrade, kas pielagota atkritumi-biometans koncepta izverté$anai
pasvaldibas. Izmaksu-ieguvumu analizes metodologija ir aprobéta uz Valmieras pasvaldibas pieméra.
Rezultati uzrada, ka, ievieSot atkritumi-biometans sist€ému, tiek sasniegti ne tikai vides, bet arl
ekonomiskie ieguvumi.



Energy management in wood pellet’s production

Alvine Labanovska, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems
and Environment, 2nd year Master
Dr.Habil.Sc.Ing. Dagnija Blumberga, Mg.Sc. Haralds Vigants, Dr. Raimondas Grubliauskas

The production of energy from renewable energy resources plays an important role in the
promotion of energy efficiency and thus also in the implementation of the European Parliament and
Council Directive 2012/27/ to reach the EU energy efficiency target and increase energy efficiency by
20 % by 2020.

The topic of the research was chosen because the pellet production plants have the potential for
growth and there is the demand for the product on the market. The aim of the study is the development
of energy management model for production company. Hypothesis: introduction of energy
management system in a production company improves its energy efficiency.

The actual production data was used in the methodology of the thesis. The data represents the
indicators of a specific production plant and it was used to determine the overall production efficiency.
Data about the amount of consumed electricity in comparison to the volume of production was used to
determine the efficiency of the production plant and possibilities of optimization.

Potential improvements to the existing system to increase the effectiveness of the pellet plant
are displayed in the figure below.
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The final management model will be integrate two basic management models - environmental
management model and mathematical energy management model. The developed model provides
information and helps to evaluate the operation of pellets production unit and the possibilities of
improvement. Management model with the respective indicators of the wood pellets production unit
have been integrated in this model. The introduction and evaluation of such model in a production unit
allows to better determine the optimization of production stages and energy consumption. The
possibilities of improvement have been tested in the pellets production plant and the correlation
between produced energy flow and the volume of production has been established in case the system
facilitates the optimization.

Kopsavilkums

Darba merkis ir izveidot energoparvaldibas modeli granulu raZotnei, lai paaugstinatu S§is
rupniecibas nozares efektivitati. Zinatniskaja izpete tiek veikta literatliras analize un apskatiti dazadi
jau esoSi parvaldibas modeli. Darba praktiska dala sastav no konkrétam rtpniecibas uznémumam
pielagota energoparvaldibas modela izveidoSanas. Zinatniskas izp&tes praktiskaja dala — izveidotaja
modeli, tiek ieklauta sadala ar konkr€tu parametru un sistéemas optimizacijas nozimi efektivitates
uzlabosanai.



Environmental indicators of charcoal production impact on air quality assessment

Madara Leisavniece, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems
and Environment, 2nd year Master
Dr.Habil.Sc.ing. Dagnija Blumberga

In recent years, more and more in Latvia is intended for charcoal production development. In
Latvia the good and scientifically based charcoal production technology are suspended for the
moment, because the establishment and operation are based on the Environmental Impact Assessment
which include the public consultation process, where the factory's fate depends on the incompetent
people who are living nearby. The production of charcoal, directly or indirectly, may create a
significant impact on the environment. To objectively evaluate new or existing charcoal production
factories that are intended for the reconstruction and their possible impact and relevance to the air
quality and the impact of the people's health that are living nearby the factories, it is necessary to draw
up a single environmental indicator system. The developed environmental indicator system will be
applicable and practical to a specific sector and at the same time will save resources: the time, the
finances of the EIA process, providing concrete, verifiable, measurable, comparable and scientifically
proven and reliable results of the actual operation's possible impact on the environment, namely, the
impact of the air quality.
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The methodology algorithm is designed to assess the potential environmental indicators to
comply with laws and regulations set the indicator parameters. Indicators are defined from existing
companies engaged in the production of charcoal.

Kopsavilkums

Darba meérkis: Izstradat vides indikatoru sistému kokoglu raZzotnes ietekmes uz gaisa kvalitati
noveértgjumam. Darba tiek veikta literatiiras analize par miisdienu kokoglu raZzoSanas tehnologijam, par
labakajiem pieejamajiem pan€mieniem kokoglu razoSana, par Eiropas Savienibas normativajiem
aktiem, starptautiskajam konvencijam, LR likumdosanu, kas attiecinama uz kokoglu razoSanas
iekartam un tehnologijam, ka arT vides likumdo$anas prasibas attieciba uz gaisa kvalitati.

Darba praktiskaja dala tiek izstradats metodikas algoritms, lai novertétu iesp&amo vides
indikatoru atbilstibu normativajos aktos noteiktajiem vides indikatora parametriem (lielumiem). Tiek
veikta metodikas test€Sana un vides indikatoru sist€mas izveide. Darba nobeiguma tiek veikti
secinajumi par izveidoto vides indikatoru sistému un ta pielietoSanas iesp&jam kokoglu razosSanas
projekta — ietekmes uz vidi novért&juma procediira.
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Predictive control of a building heating system

Martins Miezis, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Dzintars Jaunzems

Building sector is responsible for 40 % of the total energy consumed by the European Union.
EU has set the goal to reach 20 % reduction in energy consumption and 20 % energy efficiency till
year 2020. Because of increasing interest in this topic it is requisite to find ways how to reduce energy
consumption in buildings.

When used in heating and cooling systems model predictive control can be beneficial
comparing with current control strategies. Most important quality of predictive control is a model of
building. Using model which includes thermal capacity of the building it is possible to decrease energy
consumption of heating or cooling system. Predictive control also uses weather forecasts that optimize
resources to prepare for changes in temperature. By using price of energy costs can be reduced.

There is a little information about application of model predictive control in Latvia and there is
no information about using this kind of control in practice. Because of this it is necessary to do
calculations and see if model predictive control can provide savings from economic and environmental
point of view. Another reason for this calculation is to show the amount of these savings.

Paper will provide model predictive control for apartment building which is located in Latvia.
Building uses heat pump as heat source for space heating and two thermal accumulation tanks for
balancing heat generation and building heat demand. Input values consist of weather forecasts and
price of electricity. Model predictive control will help to optimize apartment buildings heat supply.

First model predictive control calculates necessary heating energy to compensate heat losses
from building. After that control evaluates if in next hours temperature will decrease and cost for
electricity will increase. Depending on temperature and electricity price control selects heating source
and calculates power for heat pump and necessary temperature for storage tank.

Kopsavilkums

Darba mérkis ir izvertét paregojosas siltumapgades vadibas ievieSanu Latvija. Darba gaita
iegiits, vai §adas vadibas uzstadiSana Latvija ir lietderiga, un kadi ir ieguvumi lietojot $adu vadibu gan
no ekonomiska, gan no vides viedokla.

Darba rezultata bils radits paregojosas €kas siltumapgades modelis. Eka ka siltuma avotu
izmanto siltuma siikni un divas akumulacijas tvertnes, lai sabalans€tu sarazoto siltumu ar &kai
nepiecieSsamo siltuma daudzumu. Ar modela palidzibu noteiks, vai radita paregojosa vadiba sniegs
ieguvumu, ka ar cik liels biis paregojosas vadibas ieguvums no ekonomiska un vides viedokla.

Darba radita modela ievaddati ir argaisa temperatiiras prognozes un elektribas cenas prognozes.
Izmantojot argaisa temperattiru un €kas konstrukciju, logu un durvju parametrus, aprékinats, cik lieli ir
€kas siltuma zudumi, kuri jasedz apkures sistémai. Péc tam paregojosa vadiba nosaka, vai tuvakajas
stundas argaisa temperatira kritisies un vai elektribas cena paaugstinasies. Atkariba no argaisa
temperatiiras prognozém un elektribas cenas paregojosa vadiba izvélas siltuma avotu siltumapgades
sisttmai. Bez ta vadiba aprékina siltuma stkna jaudu un nepiecieSamo temperatiru akumulacijas
tvertneé.
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Integration of District Heating Systems and Wind Power plants - Technical, Economic
and Environmental Aspects

lize Priedite, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Gatis Bazbauers

Due to the intermittent character of wind power, substitution of the dispatchable conventional
power sources with the wind power plants is challenging and several wind integration options have
been studied. This paper focuses on using the surplus electricity generated by wind turbines for heat
production by the heat pumps combined with the heat storage in the district heating systems.
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Scheme of using the surplus wind-produced electricity in the district heating system

The main aim of this study is to determine the optimal capacity of heat pumps and heat storage
facilities for the certain capacities of the wind power plants installed within the power supply system.
The optimal capacities are sought on the bases of technical, environmental and economic criteria. The
method used is modeling of Latvia’s energy system by using energy system analysis tool
EnergyPLAN. Life cycle inventory databases were used for determination of life cycle energy and
material consumption.

The results showed that there is a certain optimal capacity of heat pump and heat storage
facilities for the certain capacities of the wind power plants within the power supply system for each
of the criteria- technical, environmental and economic.

Kopsavilkums

Darba mérkis ir noteikt optimalu siltuma stknu un siltuma akumulatoru ietilpibu dazadam
prognozeétam uzstaditajam véja elektrostaciju jaudam, nemot veéra tehniskos, vides un ekonomiskos
krit€rijus.

Darba ir analizets elektroapgades un centraliz&tas siltumapgades sistémas integré$anas modelis
un izstradatas vides, tehnisko un ekonomisko kriteriju optimizacijas funkcijas. Darba praktiskaja dala
ir modeléta Latvijas energosistéma EnergyPLAN vidé ar merki likt lieta izstradatas vides, tehnisko un
ekonomisko kritériju optimizacijas funkcijas, lai noteiktu optimalu siltuma stkpu un siltuma
akumulatoru ietilpibu dazadam prognozétam v&ja jaudam, nemot véra tehniskos, vides un
ekonomiskos krit€rijus. Darba nobeiguma analiz&ti ieglitie rezultati un dotas rekomendacijas v&ja
energijas integrésanas efektivitates uzlabosanai.
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Development of energy management systems in supermarkets

Roberts Skudritis, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Habil.Sc.ing. Dagnija Blumberga, Mg.Sc.ing. Lelde Timma

Rapidly rising energy costs and global commitments to reduce greenhouse gas (GHG) emissions
are forcing organizations to establish effective energy management as a priority in all areas of the
company. The energy management projects are to be implemented to any organization, regardless of
its size or scope. As a special argument for energy management solutions is that non-controlled or
poorly organized management is inefficient.

The aim of implementation Energy Management Systems in supermarkets is to reduce energy
consumption by at least 10% and to become more environmentally friendly, also it will improve its
competitiveness in emerging market conditions as research is based on actual local supermarket chain.
Practical work will affect local supermarket store chain consisting of 204 stores with different
categories and will provide environmental as well as technical and financial benefits.

In this work it will be discussed energy management problems found in food trade supermarket
chain. Reviewed problems and raised solutions in building management systems, use of transport, as
well as facilities management - including not only sales equipment and office equipment, but also
information systems management. All generated and proposed solutions are based on available funds,
using a minimum of investment. Suggestions are based more on improvements to the existing system
rather than a complete replacement of current solution. A large part of the proposed solutions are
related to employee education and behavioral change. It is better to make a global picture of situation
rather than jump into one individual problem. Lack of supermarket performance monitoring can lead
up to unnecessary costs and energy usage kept on unnecessary level. All components found in
supermarkets can be described as one complete system and individual equipment or element can’t be
considered as less necessary than other node. Also developed and implemented energy management
system can help to detect equipment failure earlier.
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Methodology of implementation

Energy management systems implementation methodology is based on decision making in three
defined problem fields using provided knowledge basis and data analysis.

Kopsavilkums

Darba merkis ir izveidot energoparvaldibas sistemu lielveikaliem, lai uzlabotu to
energoefektivitati un konkuretspgju. Veikta literatiras avotu analize par dazadiem esoSiem
risinagjumiem €ku vadibas sistémas, transporta parvaldiba un dazadu iekartu risinagjumos. Izmantojot
sagatavoto zinasanu bazi, tiek piedavati risinajumi eso$as situacijas uzlabosanai. Praktiskaja dala tiek
apskatitas partikas tirdzniecibas lielveikalu k&des energijas patérina parvaldibas problémas. Rasti
risinajumi &ku parvaldiba, transporta pielietojuma, ka art iekartu parvaldiba - ieklaujot ne tikai
tirdzniecibas iekartas un biroja tehniku, bet arT informacijas sistému risinajuma pilnigu nomainu,
energijas patérina samazinajuma sasnieg$anai.
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Evaluation of energy consumption: from municipal buildings to power supply
companies

Agnese Skujevska, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Marika Rosa, Dr.Sc.ing. Agris Kamenders, Dr. Mantas Pranskevicius

The European Union has set important targets until 2020 to achieve in the field of energy
production and consumption. These objectives are known as the "20-20-20" targets and one of the
objectives is to raise energy efficiency by 20 % compared to 2005. Article 14.1 of the Directive
2012/27/EU on energy efficiency determine that Member States have to carry out a comprehensive
assessment of the potential for efficient district heating and cooling. The aim of the study is to develop
a methodology for the identification of heat energy consumers in municipalities and with the use of
indicators analyze the potential of existing district heating system.

Being aware of the amount and location of final heat energy consumers, it is possible to:

o effectively plan the energy efficiency measures in both the private and municipal level,
because it is possible to assess in which areas energy efficiency measures will make a major
resource savings,

o determine in which areas renewable energy can be integrated as the heat source,

¢ reduce the consumption of fuel wasted in the energy supply companies,

o identify district heating "hot spots" and develop an appropriate action plan (the expansion of
district heating or conversely - decentralization).

The research is based on guidelines for comprehensive assessment of national heating and
cooling potential developed by European Commission. Comprehensive assessment mainly consists of
3 parts: data gathering, data processing and heat mapping, evaluation and cost-benefit analysis. The
research object is Salaspils municipality. The planning tool will allow heat producers to plan their
further action. In the meantime it will permit municipality to plan development and prepare territorial
plan. Additionally government will be able to work out national development plans in connection with
efficient heat energy production and transmission.

Kopsavilkums

Darba mérkis ir izstradat metodiku, ka apzinat siltumenergijas patérétajus pasvaldibu teritorijas
un ar indikatoru palidzibu analizét centralizétas siltumapgades sistémas izmanto$anas potencialu.

Darba tiek veikta literatiras analize par centraliz€tas siltumapgades sist€émas stavokli Eiropas
Savieniba un Latvija, attiecigo likumdoSanas aktu izpéte, ka ar1 Eiropas Savienibas dalibvalstu
izveidoto siltumenergijas pieprasijuma karSu un centralizétas siltumapgades sistémas potenciala
izvertgjumu izp&te. Darba ietvertas vadlinijas Eiropas Komisijas izstradatajai metodikai visaptveroSam
siltumapgades potenciala novért§jumam un tas piemeroSanas iesp&jas Latvijas apstakliem un
pieejamajiem datiem. Darba praktiskaja dala metodika tiek pielietota centraliz&tas siltumapgades
potenciala izvértéjumam Salaspils novada. Tiek izstradata siltumenergijas pieprasijuma karte, ar kuras
palidzibu iesp&jams noteikt potencialos centralizétas siltumapgades attistibas regionus. Darba
nobeiguma tiek veikti secindjumi un sniegti priekSlikumi siltumapgades potenciala novert&jumam
Latvijas teritorija, ka arT secinats, vai ir iespgjams panakt efektivaku resursu izmantoSanu
siltumenergijas pieprasijuma seg8anai.
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A decision support tool for the implementation of remanufacturing process in an
enterprise

Lasma Slotina, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Elina Ddce

Several global challenges exist that force manufacturing organizations to reduce the
environmental impact of their products. Nowadays, the most common practices of products’ end-of-
life stage are landfilling and recycling. However, there are several other practices for products’ end-of-
life management that support reduction of the environmental impact.

One such option is remanufacturing. It is a product recovery option that gives an opportunity to
produce new products by using the products that have already reached their end-of-life stage. In the
process, all modules and components are disassembled, and the used parts — recovered.

Gieneral evaluation
Disassembly Cleaning Testing INVENTORY
F'EJ;::(TJTIIUN Diesign improvement Replacement Reengineering
Quality testing Asembly of modules Assembly of parts FINAL
PRODUCT

Simplified remanufacturing process flow in general

The process helps saving up to 60 % of energy and 70 % of raw materials, thus reducing the
environmental impact considerably. Still, many barriers exist that prevent manufacturing enterprises
from implementing the remanufacturing process. This paper presents a case study of one producing
company in Latvia and market analysis of the product manufactured in this company. To assist the
enterprises a decision support tool based on system dynamics modelling has been developed. The
paper presents the tool, and shows how the decision of implementing the remanufacturing process in
an enterprise changes its performance with respect to environmental and economic aspects in the
selected company.

Kopsavilkums

Darba mérkis ir izstradat sisttmdinamikas modeli — lémumu pienemsanas riku, ar kura palidzibu
iesp&jams noteikt atkartotas raZzoSanas sistémas dinamisko attistibu. Ar modela palidzibu razosanas
uzn€mumiem iesp&jams noteikt, vai atkartota razoSanas ievieSana uznémuma ir pamatota.

Darba tiek veikta literatiras analize par produktu aprites cikla beigu veidiem, atkartotas
razoSanas un atgriezeniskas logistikas koncepcijam, par tas ietekm&oSiem parametriem un
likumdoSanas aktiem. Darba praktiskaja dala tiek veikta viena raZzo$anas uzpémuma apsekoSana un
analize, atkartotas razoSanas l€muma pienemsSanas rika izstrade un ta aprob&Sana, balstoties uz
apsekota razoSanas uzp@muma datiem. Darba nobeiguma tiek veikti secindjumi par atkartotas
razoSanas ievieSanas galvenajiem ieguvumiem, trikumiem un ietekmgjoSajiem parametriem.
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Research of methanation process: Upgrading the biogas and syngas composition in the
methanation process integrated with irregular renewable sources

Inese Tifla, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Elina Ddce, Dr. Vaida Sereviciené

With the rapid population growth there is an ascendant trend of global energy consumption. On
a global scale most of the energy supply now is generated by fossil fuels with all the subsequent
consequences including depletion of non-renewable energy resources (e.g. oil, coal and natural gas),
greenhouse gas emissions and climate change. With respect to the increasing global demand for cheap,
reliable and environmentally safe energy there is a need for innovative technologies and increase in
renewable energy share.

Biomass is a unique renewable resource with a wide range of uses and a huge potential.
However its relevance for food industry poses an ethical dilemma. Therefore, finding the possible
solutions for more efficient biomass use is increasingly important. A research of methanation process
has been made in the study to identify the parameters and conditions responsible for the highest
quality of outgoing gases from biomass gasification and digestion processes. A methanationis a
reaction where carbon oxides present in the gases react with hydrogen to produce methane. To
increase the methane yield an external addition of hydrogen is needed. The necessary electrical energy
for the electrolysis process is where irregular renewable sources are integrated in the system. Another
advantage to the biomass-to-methane system is the possibility to introduce the produced gas into the
existing natural gas grid.

The hypothesis of the study is that the composition of output gas can be enhanced by optimizing
the reaction parameters such as pressure, temperature, reactant ratios, gas composition, flow rate, mass
etc. A scientific literature review is done in the study to identify the variables and make assumptions.
Considering methanation’s condition-dependent nature, simulation of methanation processes under
different parameters is constructed. Various alternative scenarios aresimulated by mathematical
modelling to obtain the highest efficiency of the system. A review of scientific literature and
simulation results approve the hypothesis.

Kopsavilkums

Darba mérkis ir noteikt parametrus un modelét apstaklus, pie kuriem iesp&ams iegiit
kvalitativako gazi, kuras talaka izmantoSana biitu ar augstu izmantoSanas potencialu un iespg&jami
samazinatam izplisto$ajam emisijam.

Darba tiek veikta zinatniskas literatliras analize par metanacijas procesa norisi un reakciju
ietekm&josajiem parametriem. Darba praktiskaja dala tiek veikta metanacijas procesa kingtikas
model&Sana un analiz&ti iespgjamie procesa norises scenariji. Otraja dala tiek noteikts iegiitas gazes
sastavs un kvalitate, kas atkarigi no ievaditajiem parametriem un izv€létajiem scenarijiem. Darba
nobeiguma tiek izdariti secinajumi par iegiitajiem rezultatiem un sniegti priekslikumi sekmigai
turpmako laboratorijas eksperimentu veikSanai.
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System dynamics model for biomethane supply system supporting policy design

Mikus Ramanis, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Gatis Bazbauers

Research has shown that in the future biomethane could become a good substitute for natural
gas. Existing experience with renewable energy support policies proves that it is hard to establish a
stable support system in the long term, which is a necessity for the sector to be invested in. There is a
lack of research done related to biomethane support policy. Therefore, the aim of this study was to
create the system dynamics model which can be used to design support policy for biomethane supply
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system.

The structure of system dynamics model which represents the current support of biogas
cogeneration plants in Latvia

Energy supply systems usually are dynamic and complex. System dynamics methodology is
used to deal with such problems. Analysis of the structure of such systems forms a deeper
understanding of the behavioural causes and allows averting the problematic behaviour of the system.
The model consists of stocks and flows that represent the policy for granting permits for mandatory
purchase of the electricity produced by the biogas cogeneration plants in Latvia. The model is
extended to include physical biogas and biomethane production assets. The main outcome of the study
is the model for design of biomethane support policy. The model is validated using the data about
increase of the electrical capacity of the biogas cogeneration plants and the accumulated permits. The
results show the parameters which have an impact on stability of support policy system.

Kopsavilkums

Darba mérkis ir izveidot biometana atbalsta politikas izstradei nepiecieSama sistémdinamikas
modela pamata struktiiru, kas ietver butiskakos krajumus un plismas. Sagaidamais rezultats ir
sisttmdinamikas modelis, kura struktiira atbilst pastavoSajai atjaunojamo energoresursu atbalsta
sisttmas dinamiskajai problémai un lauj parbaudit iesp&amos politikas risinajumus, lai problemu
noverstu.
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The probability examination of Mould fungi growth on historic brick building with
internal insulation

Sabine Elvira Rozicka, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems
and Environment, 3rd year Bachelor
Dr.Sc.ing. Andra Blumberga

Mold growth and development in climate of Latvia is relatively optimal, because the weather
conditions forces to improve the thermal properties by insulating building walls. For energy efficiency
improvement in historic brick buildings are used insulation from the inside. In Latvia most commonly
is used mineral wool and foam plastic. Insulating buildings are altered previous air exchange system
and by improperly installing, new air exchange may not be as good as it should. In addition, the
insulation reduces heat loss, which increases the temperature of the indoor and because of that, air is
able to accommodate more water weight. Breathing, food preparation, bathing and doing other
activities indoor, we raise the indoor relative humidity. If the room is ventilated rarely, then increases
the risk of mold growth and as a result deteriorating human health.

The study is based on investigation of wall which is insulated from inside. The measurements
are -moisture, temperature and mold growth analysis in order to predict what is going on in the
construction of the wall at the time when the relative humidity of human activity increases till to the
size of the risk when mold growth is possible.

In order to assess the situation in the construction of the wall, the wall is modeled and tested in
an experimental stand. Wall is consisting of a brick layer which is 510 mm thick, which is insulated
with 100 mm thick insulation - stone wool or foam plastic with and without the vapor barrier, what is
covered with gypsum board. In the experiment, each sample is tested 3 times in order to obtain reliable
results. The stand will be exposed to outdoor air temperature and humidity on the one side (brick) and
the other in optimum room temperature what will be 22 °C and relative humidity — 70 %. Experiment
will last for 28 days, during which 7, 14, 21 and 28 days will be tested the amount of mold on gypsum,
and every 20 minutes the temperature between the layers and the relative humidity between mineral
wool and brick.

The hypothesis that, in such conditions, the mold should appear on construction is studied by
the literature and developed in a model from program Delphin. The results show that on the wall with
foam plastic with and without vapor barrier or mineral wool- with vapor barrier, are optimal
conditions for mold growth on gypsum board, but on mineral wool, with vapor barrier, the risk is
much lower or even non-existent.

Kopsavilkums

Misdienas arvien lielaka probléma ir pel§jums dzivojamas zonas. Tas ir ne tikai laikapstaklu
del, bet art €ku konstrukciju un dzivosanas parazu d€l. Pelgjuma paradiSanas ir raksturiga ari tad, ja
sienu konstrukcijai tiek pievienota iekStelpu izolacija. Tas izmaina iekStelpu klimatu - paaugstina
temperattru un nekvalitativa darba rezultata pasliktina ventilaciju.

Lai redz&tu, ka tas patiesam notiek, tiek veidots eksperimentals stends ar 510 mm platu kiegelu
sienu un 100mm izolacijas kartu ar un bez tvaika barjeras, kas tiek noslégta ar regipskartona loksni.
Konstrukcija tiek likta ara apstak]os no kiegelu sienas puses un iekstelpu klimata (temperattra 22 °C
un relativais gaisa mitrums — 70 %) no iekSpuses, kur stav izolacijas slanis. Eksperiments ilgs 28
dienas, kad ik péc 7 dienam tiks parbaudits regipsis, un ik pa 20 mintitém tiks iegfiti temperatiras dati
no katra sienas slana un relativais mitrums slani starp kiegeli un mineralvati ar tvaika barjeru.
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Hydraulic and optical system development in building facade

Edvards Spridzs, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Andra Blumberga

This paper presents potential use of Fresnel lense and phase change material (PCM) usage in
passive solar system which could be integrated in the building facade. This kind of system would be
passive and should reduce energy consumption (kWh) for building’s heating and cooling. System
should be appropriate for low and zero energy buildings. Considering the progress in solar
technologies in recent years, construction of such types of buildings has become a rational and
effective solution for energy saving, wherewith, to limit the climate change. The aim of paper is to
evaluate the potential of current system by developing and analyzing system’s model and protoype.

First step of paper is to define a problem, that is ,,reducing the energy consumption (kWh) for
building’s heating and cooling in hot and cold seasons by integrating current passive system in the
building’s facade”. Further, based on system’s main components, such as Fresnel lense and PCM, the
possible problem’s solutions are defined. Within the literature review’s framework, the existing
systems, technical data about potential materials and mathematical formulas for calculations are
reviewed. System’s simulation model and prototype will be introduced in the paper’s practical part.
For validation of model, measurements with prototype will be done. After validation, there will be
conclusions about comparison of theoretical and experimental results.
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The scheme of research

Kopsavilkums

Darba mérkis ir apzinat lidzigas, jau esosas sist€mas un izverteét dotas sistémas potencialu,
izveidojot un analizgjot simulacijas modeli.

Darba tiek veikta literatiiras analize par biomimikrijas risinagjumiem, l&cam, aerogglu,
termotropiem materialiem un IidzZigdm pasivam sistémam. Darba praktiskaja dala tiek izveidots
sisteémas teorétiskais simulacijas modelis un eksperimentalais prototips. Darba nobeiguma tiek veikta
teoretisko un eksperimentalo rezultatu salidzinaSana un izdariti secinajumi.
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Modelling of Biomass Drying with and without Recirculation of Drying Agent

Armands Cinis, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Habil.Sc.ing. lvars Veidenbergs

Drying implies removing moisture from materials down to specific moisture content, at the
same time ensuring product quality. Drying is one of the most energy intensive unit operations in
industry, from different countries it is 10-25 % from industrial energy consumption in industrial
processes that is used in drying processes.

For wood drying it is necessary to dry it because after drying the wood increase its calorific
value and it is stronger and more resistant from bacteria and fungi. For charcoal making the inlet wood
IS necessary to dry about 25 % moisture content for optimal operations in charcoal making.

Aim of the thesis: model adaptation for different input parameters. Hypothesis of the work:
wood drying with drying medium recirculation do not increase amount of energy consumption for
drying processes. For calculations of the heat and mass processes and necessary energy for heater and
fans will use the drying software Simprosys.
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Drying process flow sheet with recirculation

Changes in the recirculation ratio will change the energy consumption for drying processes. To
reach the aim will need to find optimal air recirculation ratio for less energy consumption and costs.

Kopsavilkums

Darba mérkis ir modeli adaptét un izrékinat zavétaja parametrus ar viszemako energijas gala
patérinu. Darba tiek veikta literatiiras analize par pieejamajiem biomasas zavesSanas veidiem, zavéjama
materiala un zavéSanas agenta raksturojo$ajiem parametriem un izmantojamam model&Sanas
programmam. Otraja dala tiek aprakstita metodologija, veidots programma modelis un vaditi dazadi
ieejosie parametri un analizeti izejoSie parametri atkariba no recirkulacijas pakapes.
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Assessment of indoor air climate in renovated buildings of Liepaja municipality

Toms Mols, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Andra Blumberga, Mg.Sc. Liva Asere

This paper gives an input about the main characteristics of indoor air, explains the different
components (relative humidity, CO; level, temperature and air velocity) which combined form indoor
air climate and emphasizes the effect on the people that are performing mental tasks, students or social
workers for instance. The aim of the project is to assess the indoor air quality in buildings that have
undergone the process of renovation and to suggest improvements if necessary.

The paper studies current requirements for indoor air quality and thermal comfort that are
currently valid. To emphasise the importance of the project experience from numerous similar
experiments and case studies is collected and it indicates a correlation between air quality conditions
and performance of the people that are subject to the indoor environment.

The assessment was held in Liepaja municipality’s renovated buildings. Measurements of CO>
levels, relative air humidity, air temperature, velocity and atmospheric pressure were taken in 9
buildings, 2 different rooms where it was possible.

Ezerkrasta sakumskola, Lauku iela 54

CO, measurements in Ezekrastu primary school building

The measurements in many of the buildings clearly indicate that during the school or office
hours the recommended CO; levels are greatly exceeded. Mostly the cause of this lack of fresh air and
acceptable environment is caused by ill strategy of energy consumption management. The economy
from such management is significant on paper, but in reality there are case studies that prove that
pupils and office workers might perform even by 30 % worse in such conditions than in satisfactory
conditions when CO- level is below 1000 ppm.

Kopsavilkums

Darba merkis ir novertét Liepajas pasvaldibas renovéto €ku iekstelpu mikroklimata kvalitati un
ta saistibu ar cilvéku passajitu, $ajas telpas stradajot garigu darbu.

Darba veikta literatiras un normativo aktu analize, kas atspogulo esoSas gaisa kvalitates
prasibas sabiedriska sektora ekas, ka arT apskatita jau veikto pétjjumu pieredze par iekstelpu
mikroklimata ietekmi uz cilvéku produktivitati. Praktiskaja dala veikti iekStelpu mikroklimata
merjjumi devinas Liepajas pasvaldibas €kas, kuras ir veikta renovacija, ierikota mehaniska ventilacija.
Tiek vertets esosais, mértais iekStelpu mikroklimats un ta saistiba ar cilvéku subjektivo vert&jumu —
passajiitu atrodoties attiecigajas telpas.
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Anaerobic digestion of local macroalgal biomass. Laboratory development and
evaluation of biomethane potential

Intars Aleksandrovs, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems
and Environment, 2nd year Master
Dr.Sc.ing. Francesco Romagnoli, M.Sc. Laura Pastare

Latest research shows that human activities have led to a dramatic increase of nutrient content in
the Baltic Sea in last 100 years with a constant increase of the eutrophication level. This
environmental problem is involving 9 countries that have coastlines into the Baltic Sea. The increase
of the algae blooming and thus the increase of the growing algae biomass due to a too an high
eutrophication represents a problem potentially solvable in case of using this excess of algal biomass
as alternative biomass type for energy purposes (i.e. biogas production).

The aim of this study is to evaluate the biomethane potential of marine macroalgae collected
from Baltic Sea coastline in Latvia and to potentially evaluate the implementation of a large scale
production facility. The study is mainly focused on multiples batch tests in order to evaluate the
biomethane potential depending on different algae treatment methods and ratio among inocula
(namely waste water treatment plant sludge) and algae biomass. Specifically for this case study the
selected type of algae specie is Fucus vesiculosus directly collected from the Latvian coastline.

The experiments are conducted in a new lab stand developed at the Institute of Energy System
and Environment at RTU; the experiments are conducted at mesophilic temperature, a condition
constant to all batches. The cumulated amount of biomethane produced in every batch would be
measured daily in order to evaluate the most efficient algae treatment methods and conditions from
those selected within the experimental planning.

According to data available in literature Fucus vesiculosus presents a high solid content that
could be an inhibiting condition for the biomethane production processes. To evaluate the total and
volatile solid contents of the collected algae biomass the TS/VS evaluation experiments according to
METHOD 1684 (U.S. Environmental Protection Agency, Office of Water, Office of Science and
Technology, Engineering and Analysis Division) have been conducted. The main outcome of
experiments show an average volatile solid content around 17.8 %. In order to evaluate the
biomethane production potential of the selected algae further experiments will be conducted in order
to understand the carbon and nitrogen ratio and composition in chemical structure of algae other
crucial aspects affecting the biomethane potential.

Kopsavilkums

Pedgjos 100 gadu laika ievérojami audzis baribas vielu daudzums Baltijas jiira. Ar slapekli un
fosforu parbagatais idens un l€nais Gidens apmainas cikls veicingjis eitrofikacijas seku izplatiSanos.
Dazadu sugu algu izplatiba sasniegusi tadus apmérus, ka tiek apsvértas to izmantoSanas iesp&jas ka
izejvielai alternativo energoresursu razoSanai.

P&tijums balstas uz Baltijas jiras piekrasté savakto makroalgu laboratorisko analizi. Tiek
pienemts, ka makroalgém, salidzinot ar citam algém, ir augsts sausnas saturs, kas paaugstina to
potencialo izmantoSanas iesp&ju, ka izejvielu biogazes razosana. Sakotngji ticis veikts eksperiments ar
meérki noteikt kop€jas un gaistosas sausnas saturu algés. Rezultati rada, ka gaisto$as sausnas saturs ir
17,8%. Lai noteiktu Baltijas krasta savakto algu biogazes razoSanas potencialu, nepiecieSams turpinat
laboratoriskos p&tijumus ar mérki noteikt paraugu kimisko sastavu un ta ietekmi uz biogazes razosanu.
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The humidity of the exterior walls of historic brick buildings

Linda Grava, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Andra Blumberga, Mg.Sc. Edite Kamendere

One of the most pressing issues today is the energy efficiency in buildings, which means the
energy used in the buildings should be used efficiently, thus reducing resource consumption and
production of energy. The study investigated buildings that were built in the period from 1894 to 1917,
the building facade of yellow or red bricks. The first step in order to make energy efficiency measures
of the buildings is to clarify the technical condition of the said buildings, as well as how the
surrounding environment influences the structure. The study looked at an option, where the wall is
insulated from the inside, in which case the outer wall is put under much worse conditions, therefore
the initial condition of the walls has to be evaluated. The research then carried out literature analysis
on factors causing moisture and consequences of the potential reductionl.

The goal is to determine the moisture condition of the exterior wall of 9 brick buildings in Riga.
The research used non-destructive method used by the measuring tools — Trotec 650 and Trotec 600
dielectric moisture measurement indicators through which moisture can be found quickly without
disrupting the structure and damages. Especially suitable for a provisional determination of the
location of moisture. Moisture measurements were carried out at the foundation and 1 m height and 4
cm depth and 30 cm depth. Measurements were made on 8.02.2015., when the outdoor air temperature
was around 0 °C, relative humidity of around 80 %. The hypothesis that the higher moisture is at the
foundation of the building was confirmed, because there is no water collection system in the buildings
and there is lack of waterproofing of the foundation.
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Results of examination of the construction of the moisture with Trotec 600 and Trotec 650

According to the obtained results have shown that the design depth of 30 cm is wet 7 of 9 cases
(over 80 sections, which means that the test site is wet), which can be explained by the fact that the
ones that have the largest points, the lack of waterproofing, rain water collection systems are in very
poor condition or missing. As well as can be observed that the humidity remains the height of 1 m 30
cm, as happens moisture movement through pores.

Kopsavilkums

Darba mérkis ir novertét 9 Rigas vésturisko ku arsienu mitrumu un noteikt to tehnisko stavokli.
Darba literatiiras apskats ir par vésturisko kiegelu fizikalajam ipa§ibam, mitruma c€loniem un
samazinaSanas iesp&jam. Praktiskaja dala ir veikta (btvetas no 1894. gada lidz 1917. gadam) eku
apsekoSana. Veikti mitruma mérjjumi pie pamatiem un 1 m augstuma, gan 30 cm dziluma, gan 3 cm
dziluma, veikta rezultatu analize.
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Heat pump hybrid systems. A study on potential increase in renewable fraction

Eliza Keirane, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Claudio Rochas, Mg.Sc. Janis lkaunieks

The aim of this paper is to analyse the possible additional heating sources in a residential
building where two heat pumps have been installed, mainly focusing on increasing the use of
environment friendly energy sources.

The basic principle of a heat pump is to transfer heat from one environment (the source) to
another (the house). Heat pumps can be used for both domestic hot water and space heating. The heat
can be taken from either water, air or ground, for example, lakes, rivers, wastewater, groundwater,
ground, ambient air, air from ventilation systems, etc. The efficiency of a heat pump is measured in
how many kWh of heat can be derived, by providing 1 kWh of electricity, it is called the coefficient of
performance (COP).

As it is not profitable to install a heat pump that can produce the maximum heat the household
can reach in the coldest days of the year, there are many possibilities to install additional heating
systems, for example, solar collectors, furnaces, and others. If the heat pump can produce 50 % of the
maximum heat, it can cover from 80 % to 90 % of the total heat demand of the year.

In this paper there will be a case study. The reference building is a 42 apartment house in 4
floors, with the total living area of 2656 m?2. The installed heat pumps are used only for space heating,
and the aim is to improve their COP.
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The reference building has been monitored since the heat pumps were installed and the
conclusions of the most suitable alternative will be based on the research of the collected data.

Kopsavilkums.

Darba mérkis ir analiz&€ un aprakstit iesp&amos papildu siltumenergijas iegtisanas veidus
daudzdzivoklu €ka, kura uzstaditi siltumsiikni. Galvenokart koncentr§joties uz dabai draudzigiem
pasakumiem. Darba sakuma ir veikts literatiras apskats un aprakstits siltumstknu darbibas
pamatprincips, ka arT to veidi un siltuma iegiiSanas avoti. Ir izverteta kop&ja situacija Latvija un
Eiropa, un apskatiti iesp&jamie hibridsistému veidi un to piemérotiba misu klimatiskajiem apstakliem.
Darba galvenaja dala tiek veikta kas modeléSana programma TRNSYS. Péc modeléSanas iegiitajiem
rezultatiem tiek veikts salidzinajums ar &kas faktiskajiem datiem un piemekleti piemérotakie
alternativie energijas avoti. Darba nosléguma ir tiek izdariti secindjumi par to, kur§ no papildu
siltumenergijas avotiem ir piem&rotakais un butiski uzlabo siltumstiknu transformacijas koeficientu
(COP).
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Modeling of phase change materials to increase building’s thermal properties

Liene Kancane, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Andra Blumberga, Mg.Arch. Ruta Vanaga

All new buildings must be nearly zero-energy buildings (nZEB) by 2020, and all new buildings
occupied and owned by public authorities must be nZEB after 2018. These targets are set in the
European Member States according to EU directive on the Energy Performance of Buildings. Huge
challenge is to achieve these goals in northern countries where traditional energy saving measures —
insulation, window performance, heat recovery ventilation systems - balance on border of cost
optimality. Climate adaptive building shell (CABS) constructions can be energy efficient alternative to
common solutions.

The aim of the work is to assess the possible phase change material (PCM) use in solar thermal
facade system with climate adaptive properties. The solution proposed would increase thermal inertia
of building envelope and take part in indoor microclimate regulation processes. Different types of
PCMs and heat transfer enhancers where studied. Mathematical model and a real dimension prototype
was made and studied under real climatic loads.

The paper reviews a modulation of different PCMs used for solar energy storage in the
prototype of solar thermal facade system. Three types of PCM are used in prototype — paraffin, salt
hydrate and fatty acid. These materials were selected based on their thermal properties, compatibility
with other building materials, thermal stability and availability in the market. The energy demand for
heating the building can be reduced by the amount of accumulated solar energy in phase change
materials thus cutting the CO, emissions from combustion processes. The task set is to store in PCM
container and added accumulation tank the energy from the sun radiation on prototype surface
intensifying solar heat gains during both in winter and in summer.

The effect of facade system with incorporated PCM layer on annual energy demand and PCM
thermal properties are investigated. A simulation of prototype using Delphin software was carried out.
The idea of solar thermal fagade system prototype is based on biomimicry’s principles imitating the
processes found in nature to solve problems of humans.

The proposed solar thermal fagade system can serve as a part of on-site energy production in
nZEB buildings and reduce required energy demand during building lifetime.

Kopsavilkums

P&c 2020. gada visam jaunajam &kam jabut gandriz nulles energijas €kam un visam jaunajam
€kam, kuras atrodas vai ir TpaSnieces valsts iestades jabut gandriz nulles energijas ékam péc 2018.
gada, nosaka Eiropas Parlamenta un Padomes direktiva par €ku energoefektivitati. Tade] darba merkis
ir novertet iespgju lietot fazu parejas materialus (FPM) ka vienu no sastavdalam klimata jutiga fasazu
sistéma, palielinot €kas termisko inerci un panakot sienas konstrukcijas iesaisti iekStelpu mikroklimata
nodrosinasana. Planots FPM uzglabat no fasazu sistémas argjas virsmas savakto saules energiju, ko
izmantot ka atbalstu €kas apkures sistémai, tadgjadi samazinot €kas dzives cikla laika pievadamo
energiju no argjiem resursiem.

Tika veikta literatiiras analize par FPM, kuri var tikt pielietoti prototipa, un izveleti balstoties uz
to termiskajam Ipasibam, saderibu ar citiem biivmaterialiem, termisko stabilitati un pieejamibu tirgi.
Tika apskatiti arT siltuma parneses paatrinataji. Klimata jutigas fasazu sist€émas prototips tieck model&ts
vadoties péc biomimikrijas principiem, kas imit€ procesus daba, risinot cilveku raditas problémas.
Darba praktiskaja dala tiek veidota eksperimenta plano$ana matematiskajam datormodelim un
prototipam, kur$ tiks noverots pie realam klimatiskajam slodzeém. Simulacijas modelis tiks izstradats
programma Delphin. Darba nobeiguma tiks izstradats abu modelésanas veidu salidzinajums un veiktas
korekcijas, ja tadas biis nepiecieSamas, lai optimizetu sistemu, ka arT tiks izstradati secinajumi un
rekomendacijas nakotnes studijam.
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Allocation of historical buildings in typology groups according to
building construction solutions

Egita Pavlova, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Andra Blumberga, Mg.Sc. Kristaps Kass

Historic buildings are considered to be significant energy consumers, which account for
considerable amounts of Green House Gas emissions, therefore it is important to find ways of
reducing historic building energy consumption and their environmental impact. However, there are a
number of limitations that need to be taken into account considering possible measures for historic
building energy efficiency improvements. According to legislative acts it is not allowed to change
buildings original design from the outside facade, therefore there are a number of limitations and
problems associated with historic building retrofit.

The impact of climate change and urban pollution increases the negative impact on the historic
building envelope. Therefore it is necessary to find solutions for energy consumption reduction of
historic buildings, which can ensure the compliance with EUs high energy standards and at the same
time providing reduced impact on the environment and ensuring historical buildings adaptation to
climate change.

Therefore, the scope of this research is to establish historical building typology system
according to main building construction materials and their physical parameters, to study possible
energy efficiency improvement measures tailored to specific historic building typology group.
According to this system, it will be possible to evaluate potential renovation steps.

To reach results it is necessary to perform an inventory of historic buildings and divide historic
buildings in different groups. It is possible to divide buildings in different groups by building
construction time (century), because each period has different building technologies and construction
principles. It is needed to identify each century common buildings and distinguish different types to
determine their physical characteristics - thermal transmission, moisture diffusion and other common
parameters.

Based on the achieved results it could be possible to determinate which historical buildings are
suitable for energy efficiency improvements and which are not. This system helps to achieve targets
that are set by legislative acts — to reduce building energy consumption and negative environmental
effects that have been caused by the unreasoned and wasteful resource use.

The results will provide evidence on the allocation of historic buildings and structures based on
which it will be possible to determine the boundary conditions for building envelope insulation from
the inside, for the potential risks and determine which buildings are suitable for retrofit from the inside
and which are not possible to adapt to modern technological development. System will allow to
evaluate what kind of measures can be done and what are not recommended for historical buildings
due to building typology system.

Kopsavilkums

Balstoties uz ES energijas efektivitates planiem un izvirzitajiem mérkiem, nepiecieSams
samazinat radito SEG emisiju un patérétas energijas apjomu. Biitisku ieguvumu var sasniegt uzlabojot
vesturisko €ku energoefektivitati, tacu to vesturiska mantojuma statusa d€l, nakas saskarties ar
daudziem ierobezojumiem un problémam.

Vesturisko eku tipologijas izveides mérkis ir radit lietotajam &rtu €kas noveértéSanas sistému, kas
balstoties uz radito vésturisko &ku tipologiju, laus secinat un noveértét iesp&jamos energoefektivitates
pasakumus, tuvinot €kas funkcionalitati un kvalitati maisdienu tehnologiju prasibam.
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A comparative Life cycle assessment of refurbished multi-family building versus not-
refurbished multi-family building

Dainis Selickis, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Francesco Ramagnoli, Dr.Sc.ing. Claudio Rochas

In order to meet targets of energy efficiency and to comply with regulations commitment of
reduction harmful carbon dioxide gases by 20 % from building heating, more than 500 building
renovations have been implemented in Latvia during previous five years. As buildings globally are
consuming up to 40 % of energy and are responsible for half of the world’s greenhouse gas emissions,
measure of every environmental impact involved in building processes from cradle to grave is
important. Research of building industry impact using Life cycle analysis has increased in recent
years, including building processes and materials used.

The aim of this study is to investigate ten renovated 103" series multi-family buildings in
Latvia, using the opportunities offered by LCA and to identify the average building example which is
defined by amounts of materials and energy used in refurbishing by m? of heated area.

Information obtained about refurbishing process and building materials is analyzed using LCA
methodology, additionally using Simpro program. Impact of used materials for refurbishing and
energy spend during operation is calculated for expected service life of 30 years after refurbishing.

The findings allows to determine environmental benefit of multi-family building
refurbishment and define amounts of saved energy and greenhouse emissions. Data analysis allows to
make average building example, that is defined with materials and energy used that can further be
applicable in building refurbishment project analysis. Finally acquired information can be used in
promotion of LCA of building refurbishment labeling.

Kopsavilkums

Lai sasniegtu energoefektivitates meérkus un ieverotu apnemsanos par kaitigas oglekla dioksida
gazes samazinasanu par 20 % no &kas apkures, Latvija ir realizeti vairak neka 500 €ku renovacijas
projekti iepriek$&jos piecos gados. Ta ka &kas pasaulé patéré lidz pat 40 % visas energijas un ir
atbildigas par pusi no pasaules siltumnicefekta gazu emisijam, katra biivniecibas procesa ietekme ir
svariga cikla no Stipula lidz kapam. Dzives cikla analizes izmantoS$ana buvindustrijas analizg ir
pieaugusi p&dgjos gados, tostarp celtniecibas procesiem un materialiem.

Si pétijuma mérkis ir izpétit desmit renovétas 103. sérijas daudzdzivoklu &kas Latvija,
izmantojot LCA, noteikt vid€jo €kas renovacijas pieméru, kur§ definé izmantot materialu un energijas
daudzumu péc m? apsildamas platibas.

legita informacija par majas renovacijas procesiem un izmantotajiem materialiem tiek
analiz€ta, izmantojot LCA metodologiju, papildus veicot simulacijas ar Simpro programmu.
Renovacija izmantotie materiali un energijas ietekme tiek aprékinata nakoSajiem 30 ekspluatacijas
gadiem pé&c renovacijas.

legtta informacija lauj noteikt daudzdzivoklu &kas renovacijas ietekmi uz vidi un noteikt
ietaupitas energijas daudzumu un siltumnicefekta gazu emisijas. Datu analize lauj izveidot vidgjas
€kas piemérs, kas tiek definéts ar izmantotajiem materialiem un patéréto energiju. Raditais majas
renovacijas piemérs var tikt izmantots turpmako projektu analizé un LCA mark&uma attistisana eku
atjaunoSanas sfera.
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Bio-methanation with additional hydrogen supply. Batch test experiment

Dzintra Slisane, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Habil.Sc.ing. Dagnija Blumberga, Dr.Sc.ing. Sylvestre Njakou Djomo

National energy action plan sets a target of 40% RES share by 2020. EU progress report shows
that Latvian progress trend towards the targets up to year 2012 is not sufficient for reaching the target.
Something has to change. There are several studies considering possible policy instruments, however,
in the opinion of authors development of technologies will open more possibilities and together with
policy instruments allow us to eventually reach the target. This study focuses on improvement of
biogas production process. Currently, majority of produced biogas consists of up to 50% of carbon
dioxide (COy), which is usually removed from gas before its transportation and use. During biological
methanation process methanogens, microorganisms from Archaebacteria domain, utilizes hydrogen
(H2) and (COy) and as a by-product of their metabolism produces CH.. This reaction takes place in
bioreactors. Hypothesis of this thesis is that additional injection of H, may facilitate described process,
therefore reducing the amount of CO. and increasing methane concentration.

Batch tests were selected as the optimal method for experimental testing of hypotheses. Tests
were performed according to methodology described by B. Drosg et.al. in “The Biogas Handbook:
Science, Production and Applications”. Six batches with feedstock sample (macro algae) and
inoculums (ratio 3:1) were prepared, each batch is then connected to vessel filled with alkaline
solution (3 mol/l NaOH). Alkaline solution reacts with CO; in biogas removing it from gas. The gas
then flows into the water displacement bottle that is the third vessel in the array (See Fig.). Water is
pushed out of the bottle and collected in another vessel, then measured. Volume of displaced water is
equal to the volume of produced gas. Obtained results then can be recalculated to correspond to
Standard conditions.
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Experimental array for biological Methane Potential (BMP) test

Hydrogen is added to 3 of the batches with feedstock and inoculums, while 3 others are left
without any additions as a reference samples. Determination of hydrogen input is crucial part in the
experiment. According to literature biological limit of hydrogen in feed is 4 m3.,/m3co.. Mass transfer
limit is 5% molar mass of hydrogen in total gaseous part of bioreactor. This means that maximum 0.05
m?® of H; can be added for each m? of predictable biogas production in a time period. For 30 ml of
biogas, this is predictable biogas yield per day at the beginning of the experiment; 1.2 ml of H, should
be added daily.

Kopsavilkums

Veicot papildus H; pievadisanu bioreaktora iesp&jams paaugstinat metana saturu iegitaja
biogaze. Hipotéze balstitas uz metanogéno bakteriju vielmainas Tpatnibam — §is baktérijas uznem CO;
un Hz un vielmainas gala rezultata rada CHa un Gideni. Parak liela H, koncentracija traucé bakteriju
darbibai. Biologiska tidenraza pievades robeza nosaka, ka Hy attieciba pret CO, nedrikst parsniegt 4:1,
masas parvades robeza — 5% no sarazotas biogazes. Hipotézes testeéSanai tika izvE€léta ,,batch test”
eksperimenta metode, kuras ietvaros izveidots eksperimenta stends.
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Assessment of thermo-physical properties of natural materials

Anna Vaivare, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Habil.Sc.ing. Dagnija Blumberga, M.Sc. Indra Muizniece

This paper presents an evaluation of natural material thermo-physical properties — thermal
conductivity coefficient. The aim of this research is to find materials of natural origin that are residues
from different sectors of the economy that can be rationally used as thermal insulation material. This
idea is inspired by biomimicry, because in nature aerial part of the plant serves as natural heat
insulation layer, bioeconomy and enegoefficiency. As the energy consumption needs to be decreased
in building sector, amount of used thermal insulation materials will increase. It is important to offer
alternative for mineral and synthetic material insolation to provide necessity amount of insolation.

In this paper discuss some of the natural material remain — fern, Canadian goldenrod (Solidago
Canadensis L.) and leafs — usage as thermal insulation material. These materials are chosen because in
nature leafs serve as insulation layer; Canadian goldenrod is invasive plant and they amount is
significant but they are not rationally used; and fern both historically and in nowadays are used to
insulate bee hives. To find the thermo-physical properties of natural materials, experiment planning
was carried out. For this research are selected two-level factorial design — low level and high level of
each factor. Influencing factors for thermal conductivity are particles size, and density. According to
the experimental plan of each material was made and tested 12 samples. Each sample were taken heat
flow measurement, moisture content, calculated thermal conductivity coefficient, density and
gradation.

In this research thermal conductivity gained using heat flow meter measurement method what is
described in 1ISO 9869-1:2014 “Thermal insulation — Building elements — In-situ measurement of
thermal resistance and thermal transmittance — Part 1: Heat flow meter method”. For measurements is
used experimental stand (see Fig.) that contains insulation sheet that separate cold side to warm side and
where tested samples are put in. Heat flux sensors and temperature sensors are placed in two places — in
front of sample and insulation sheet that serve as reference area for verify experiment results.

Analysis of the results of the experiment carried out using Statgraphics, and it is determined if the
factors have an impact on the material thermal conductivity coefficient. The results are compared with
other natural, synthetic and mineral insulation material thermo-physical properties and assessed the
likelihood of studied materials usage as raw material in the production of thermal insulation material.

Cold side Warm side
Temperature Temperature
Sensors Sensors

Heat flux sensor

Heat insulation

(reference area) Sample

Experimental stand to determinate thermal conductivity

Kopsavilkums

Darba meérkis ir atrast dabiskas izcelsmes materialus, kas ir atlikumi no dazadam
tautsaimniecibas nozarém, un izvertét vai tie varétu tikt racionali izmantoti ka izejvielas
siltumizolacijas materialu razoSanai. Darba tiek veikta literatiras analize par pétitajiem un tirgl
pieejamajiem siltumizolacijas materialiem, kas izgatavoti no dabas materialiem. Tie salidzinatai ar
sintétiskajiem un mineralu siltumizolacijas materialiem. Praktiska dala ietver dabas materialu — lapu,
zeltslotinas un paparzu — siltumfizikalo Tpasibu noteikSana. Materialiem tiek noteikts siltumvaditsp&jas
koeficients péc ISO 9869-1:2014 standarta un citi to ietekm&joSie parametri — blivums, dalinu izmérs
un mitruma saturs. Darba nobeiguma tiek izstradati secinajumi par iesp&am izmantot dabas materialus
ka izejvielu siltumizolacijas materialu razoSanai.
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Analysis of the alternatives of the sustainable biomass use in the region of Ventspils

Alise Kierpe, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing Marika Rosa

This paper presents the use of biomass as fuel for sustainable exploitation of resources in a
particular territory. Work deals with preparation for biomass fuels, starting with growing in the forest
and up to its delivery of the boiler house; it can be seen in the figure below.

The objective of the work is to find out whether Ventspils municipality with their local forests
and companies that works in the field of forestry may supply their own 12 civil parishes and one city.
Views are only those buildings that are heated with municipal funds. In this work is cleared up if
forests areas be enough to ensure buildings with biomass in the long term, does it pays off and what
are possible solutions to the planned method.

In order to obtain the necessary materials were interviewed the parish boards leaders about the
boiler house power, consumption and wood / wood chip purchases. The obtained data being further
analysed and the best solutions for Ventspils municipality will be found.

Transportation . Transportation
5| Processing

of firewood

A 4

Tree felling Boiler house

A 4

Transportation
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(wood chip)
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Kopsavilkums

Darba mérkis ir izp&tit Ventspils novada kurinama iegiiSanas procesu, un rast labako risinajumu,
lai So procesu varétu izdarit novada teritorijas robezas.

Darba tiek veikta literatiras analize par meziem Latvija, biomasas cikla apskats un analize
Ventspils novada un resursu izmantosanu ka kurinamais. Darba praktiskaja dala tiek veikta iegtito datu
analize par Ventspils novadu. Par esoSo energgtikas struktiiru, energijas piegades un patérina analize.
Biomasas iepirkSanas dati tiek salidzinati ar tuvako novadu datiem un analiz&ti gan ekonomiski gan
ekologiski. Darba nobeiguma tiek veikti secindgjumi par iespgjam ieviest viet§jo kurinama ieguves
ciklu. Par nepiecieSamajam darbibam, lai sasniegtu merki un turpinatu to ilgaka laika perioda.
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Heat pump hybrid systems. A study on potential increase in renewable fraction

Eliza Keirane, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Claudio Rochas, Mg.Sc. Janis Tkaunieks

The aim of this paper is to analyze the possible additional heating sources in a residential
building where two heat pumps have been installed, mainly focusing on increasing the use of
environment friendly energy sources.

The basic principle of a heat pump is to transfer heat from one environment (the source) to
another (the house). Heat pumps can be used for both domestic hot water and space heating. The heat
can be taken from either water, air or ground, for example, lakes, rivers, wastewater, groundwater,
ground, ambient air, air from ventilation systems, etc. The efficiency of a heat pump is measured in
how many kWh of heat can be derived, by providing 1 kWh of electricity, it is called the coefficient of
performance (COP).

As it is not profitable to install a heat pump that can produce the maximum heat the household
can reach in the coldest days of the year, there are many possibilities to install additional heating
systems, for example, solar collectors, furnaces, and others. If the heat pump can cover 50 % of the
maximum heat load, it can produce from 80 % to 90 % of the building annual heat demand.

In this paper there will be a case study. The reference building is a 42 apartment house with 4
floors and total living area of 2656 m?. The installed heat pumps are used only for space heating. The
aim of this study is to improve their COP and increase the renewable energy fraction in end use.
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The reference building has been monitored since the heat pumps were installed and the
conclusions of the most suitable alternative will be based on the research of the collected data.

Kopsavilkums

Darba mérkis ir analiz&€ un aprakstit iesp&amos papildu siltumenergijas iegtisanas veidus
daudzdzivoklu €ka, kura uzstaditi siltumsiikni. Galvenokart koncentrgjoties uz dabai draudzigiem
pasakumiem.

Darba sakuma ir veikts literatiiras apskats un aprakstits siltumsiiknu darbibas pamatprincips, ka
arT to veidi un siltuma iegti$anas avoti. Ir izvertéta kopgja situacija Latvija un Eiropa, un apskatiti
iesp&jamie hibridsistému veidi un to piemérotiba musu klimatiskajiem apstakliem. Darba galvenaja
dala tiek veikta €kas model€sana programma TRNSYS. Péc modelesanas iegiitajiem rezultatiem tiek
veikts salidzinajums ar €kas faktiskajiem datiem un piemekléti piemérotakie alternativie energijas
avoti. Darba nosléguma ir tiek izdariti secinajumi par to, kur§ no papildu siltumenergijas avotiem ir
piemerotakais un butiski uzlabo siltumstknu transformacijas koeficientu (COP).
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Research of bioeconomy, trends and development opportunities in Latvia

Maira Melvere, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Habil.Sc.ing. Dagnija Blumberga

This paper presents an evaluation of bioeconomy in the Latvian agriculture, forestry, fisheries,
food and pulp and paper production, as well as parts of chemical, biotechnology and energy industries
sectors. Searching for innovation, technology, solutions to change and supplement the present
economic situation in Latvia including non-waste cycle when non-bio-resource sectors are replaced
with bio-resource.

The biggest source of GHG in Latvia is the agricultural sector, so research has focused on the
rural development, which is based on the provisions of a bioeconomy. The example is Ventspils
region Puzes parish. Since 1995 there has been observed regression, which continues today. The
situation is similar in many Latvian municipalities. Bioeconomy is viewed as a way to develop this
parish. Must restore the old factories, improved agriculture, use of waste products as raw material and
to promote the industry, with the potential in this parish. The author of work tries to search for the
most effective scenario and summarize added value as an economical factor.

Need to create products that obtain the maximum added value, starting with the acquisition of
raw materials and ending with the full treatment. Puzes parish is viewed as a "green district" where
existing resources are used as innovative things that create new jobs, profits, form a common
development and make creative thinking people.

The aim is to offer the most efficient and greener biological resources technology deployment
scenarios. Is looking for a compromise between low investment, high efficiency and minimal
environmental impact.

Kopsavilkums

Izp&tes mérkis ir saprast kop€jas tendences bioekonomikas sektoros Latvija, un veikt analizi par
Puzes pagasta iespgjamo attistibas scenariju, ievieSot uz bioekonomikas principiem balstitu
saimniekosanu. Aprékinat produktu pievienoto veértibu un ietekmes uz vidi izmainas.

Izvirzita hipoteze: Puzes pagasta attistiba ir iespgjama ievieSot noslégta cikla saimniecibu, kas
balstita uz bioekonomikas principiem. Puzes pagasts — piemérs Latvijas pagastu attistibai un vieta
»zaliem uzn€mejiem”, eko — tlirismam un veseligam dzivesveidam.

Darba tiek veikta literatiiras un statistikas datu analize par bioekonomikas sektoru tendencém,
eso$o situaciju un iespg€jamam inovacijam jeb attistibas scenarijiem. Praktiska dala balstas uz realu
Ventspils novada Puzes pagasta piemeru. Pagasta kop$ 1995. gada ir novérojama regresija, kas
turpinas art Sobrid. Lidziga situacija ir daudzos Latvijas pagastos. Balstoties uz iegiitajiem datiem, tieck
veikta analize un piedavati attistibas scenariji. Tiek mekl&ts kompromiss starp mazam investicijam,
augstu efektivitati un minimalu ietekmi uz vidi.
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The evaluation of electromobility in Latvian municipalities after the realisation of the
KPFI competition

Agate Kisele, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Marika Rosa, Mg.Sc. Aiga Barisa

At the moment the transport sector is not a sustainable industry. It is a significant and still
growing source of greenhouse gases. If nothing is done- it is estimated that CO, emissions by 2050
will reach a level three times higher than it was in 1990. Mobility reforms are important because
transport sector is a worldwide industry that affects people's quality of life, the internal and external
markets, as well as to create freedom of movement for the public. The transport sector is an important
part of the economy and generates around 5% of GDP worldwide.

The study has been carried out with the aim to analyse electro mobility in Latvian
municipalities, to assess current situation and possible solution for the future to optimize transport
sector in Latvia. Electro mobility development has an important role in the reduction of emissions at
national and European level, but at the same time the guidelines for electro mobility in Latvia is bound
to expire by 2016. The study is important because it can help to define the main threats to the
development of electro mobility in Latvia and allows to develop recommendations for the promotion
of electro mobility in Latvia.

In this paper was used objective survey method. The questionnaire consists of three groups of
questions, which includes technical information, vehicle habits and motivation, as well as future plans
review. The survey was sent to all municipalities and associated companies that took part in Climate
Change Financial Instrument (KPFI) project competition "Reducing greenhouse gas emissions in the
transport sector - support for electric vehicles and charging infrastructure for implementing" co-
financing for electro mobility support in regions. The obtained results of the survey were used in a
system dynamics model to determine the impact of various factors on the development of electro
mobility at national level.

The work suggests that there are many obstacles to the development of electro mobility. One
being the lack of charging stations. It makes the drivers pay more attention to the mileage and the
selected route, as the electro mobile per one charge is able to drive an average of 100km and if the
machine is charging at the slow charging point, it can take up to 8 hours. High price of the electro
mobile also can be a major factor although the maintenance costs are much lower it is sill not
sufficient enough for people to choose an electrical car over conventional vehicle. These are some of
the main obstacles currently present in Latvia and if government manages to tackle some of the
problems raised in this text, there is a high chance that trend of electro mobile use will steadily
increase over time.

These are the main obstacles to electro mobility and developed work can be concluded that if
just these points will be given more attention, and more and more consumers will choose in favour of
electric vehicles, as already interest is observed.

Kopsavilkums

Darba mérkis ir analizét elektromobilitates situaciju Latvijas pasvaldiba, lai atrastu
piemérotakos risindjumus turpmakai elektomobilitates attistibai.

Darba tiek veikta literatliras analize par elektromobilitati dazados limenos. Tiek apskatita
elektromobilitate starptautiska lITmeni, kur tiek vertéts politiskais ietvars un tehnologiskais progress,
nacionala Itmeni, kur tiek analizéts politiskais ietvars, ka arT citu valsts pieredze, attistot
elektromobilitati nacionala [imeni. Literattiras apskats tiek veikts arT pasvaldibu un sabiedribas [imenf,
kur tiek vertéta pasvaldibu loma elektromobilitates veicinasana. Praktiskaja dala tika izmantota
aptaujas metode, lai analiz&tu IidzSingjo progresu pasvaldibas, ka ari, lai vertetu attistibas Skerslus un
iesp&jas. Otraja dala tika veidots sistémdinamikas modelis, izmantojot iegltos aptaujas datus, lai
vertetu elektromobilitates attistibas iesp&jas, balstoties uz pasvaldibu nostaju. Darba nobeiguma tika
veikti secinajumi par esoSo situaciju Latvija, ka arl izvirziti priekSlikumi progresivakai
elektromobilitates attTstibai.
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Assessment of macro-algae harvesting methods and preparation of macro-algae for
anaerobic digestion

Asnate Skrebele, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Francesco Romagnoli

Algae biomass as an alternative substrate for biogas production is not a new idea, but it has little
discussed, because the production of energy in this way was costly and inefficient. In recent years this
idea has returned because using algae as biomass would solve the problem of agriculture land usage
for energy crops (crops used for fuel and not food).

Purpose of this paper is to make literature review about different macroalgae cultivation and
harvesting methods and assessment of them. For example possibilities of growing and collecting algae
off-shore or marine environment.

Using different pre-treatment methods it is possible to increase volume of biogas created. In
table it is possible to see summary of different method (mechanical and/or thermal) impact on methane
production.

Algae pre-treatment impact on production of methane

Algae Batch t, °C Pre-treatment Improvement, %
55 Unwashed, macerated +56
55 Washed, macerated +17
55 Washed, 130 °C/20 min +7
Ulva lactuca 55 Washed, 110 °C/20 min 10
37 Unwashed, chopped -7
55 Dried, ground +1

Not all of the methods are positive or give as much of improvement as others that is the reason
why is so important to compare them. Evaluation of the best used method differs from one macroalgae
species to other.

Kopsavilkums

Darba mérkis ir veikt izp&ti par dazadam makroalgu audz&€$anas metoZu noveértg§jumu un to
sagatavos$anas metozu ietekme uz sarazotas biogazes daudzumu.

Darba tiek veikta literatiras analize par dazadam makroalgu audz&$anas un ievakSanas
metodém. Tiek apskatiti dazadi makroalgu apstrades procesi pirms anaerobas fermentacijas —
mehaniska apstrade (ar mehaniskam darbibam ietekmét algu struktiiru, pieméram, smalcinaSana,
samiciSana, mazgasana), termiska apstrade (paraugi tiek zaveti dazadas temperatiras). Darba
eksperimentalaja dala tiek apskatitas dazadi, apstradatu algu ietekme uz biometana produkciju.
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Cost benefit analysis of biomass drying process

leva Karklina, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Habil.Sc.ing. Dagnija Blumberga

Nowadays biomass resources have an important role in energy sector, because they are
renewable and environmentally friendly compared to the fossil fuels. However high moisture content
is one of the main problems associated with biomass usage. To reduce moisture content in biomass
several drying technologies can be applied. It is important to evaluate drying process from various
points of view, to estimate the environmental costs.

Aim of the work is to look at widely used technological solutions for biomass drying and learn
about main parameters which affect biomass drying process. It is necessary to choose indicators for
the biomass drying process analysis based on the available literature. Emissions of greenhouse gases,
energy balance or minimization of costs are some of indicators that can be used for cost benefit
analysis. Cost benefit analysis is one of the various tools for sustainability assessment, which
compares all the costs with expected benefits.

As the moisture content of biomass reduces, specific heat increases — it means that you need less
resource to get the same amount of energy. Drying of biomass also reduces the costs of transportation
and storage. Rotary, conveyor and pneumatic are the most commonly used dryers for biomass. As a
drying agent hot air, flue gases or superheated steam can be used. To improve systems efficiency, it is
possible to use waste heat from industrial processes. Air velocity, temperature, humidity and biomass
layer density are some of the parameters affecting drying process. The Renewable Energy Directive
“requires the EU to fulfill at least 20% of its total energy needs with renewables by 2020”. Wider and
more effective use of biomass can help to achieve not only this goal, but also reduce greenhouse gas
emissions by limit that is stated in Kyoto protocol’s second period.

Kopsavilkums

Darba merkis ir veikt biomasas zZaveéSanas procesa vides izmaksu analizi, ieprieks iepazistoties
ar zavéSanas tehnologiskajiem risindgjumiem un metodiku ieguvumu — zaud&jumu bilances noteikSanai.
Svarigi izvertet, cik liels ir vides ieguvums sistémai, kas lieto sausu/zavetu biomasu, pret iegulditajiem
lidzekliem un patéréto energiju salidzinajuma ar sistému, kas Zavésanu neisteno.

Darba tiek veikts literatliras apskats par visbiezak sastopamajam biomasas zavésSanas iekartam
un ieguvumu — zaud&jumu metodikas pielietojumu ZavéSanas procesa izvertéSanai. Nemot veéra
literatiras apskatu, darba praktiskaja dala tiek izveidota zaveéSanas procesa metodika un algoritms,
kam pamata ir iepriek§ izveéleti indikatori. Darba nosleguma tiek veikta iegiito rezultatu analize
koksnes zavésanas procesam.
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Quality and composition refused derived fuel produced in Latvia

Ernests Pilsums, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Sc.ing. Elina Dace

Refused derived fuel is fuel which is made of sorted and unsorted municipal solid waste,
industrial waste, commercial waste, etc. In producing process it’s necessary to take out all
incombustible materials like glass or metals.

The aim of the study is to determine the composition and quality of refuse derived fuel (RDF)
produced in Latvia to assess the potential possibilities for improvement of the quality by conducting
literature analysis and samples’ tests.

In the study, literary analysis is conducted on RDF quality requirements, production capacities
in Latvia and Europe, design of production process’ alternatives, and the importance of raw materials.
Also, laws and regulations on RDF incineration and emissions generated are considered. In the
practical part, RDF samples produced in Latvia were taken to determine their moisture and ash
content, chemical composition (C, H, N, O, S), calorific value and particle size distribution. Finally,
the tested parameters were used to assess the quality of the fuel.

Kopsavilkums

Darba merkis ir noteikt Latvija razota no atkritumiem ieglita kurinama sastava un kvalitates
uzlabosanas iespgjas, veicot literatiiras analizi un analiz&jot Latvija razota NAIK paraugus.

Darba tika veikta literatiiras analize par NAIK kvalitati un prasibam, razo$anas jaudam Latvija,
razoSanas iekartu veidiem un secibu, ka arT izejvielu nozimigumu un normativo aktu analizi, kuri
ietekm& NAIK sadedzinaSanas rezultata sarazotas emisijas. Praktiskaja dala tiek veikta Latvija razota
NAIK paraugu panems$ana un analiz€S$ana atbilstoSi noteiktajiem standartiem. Tiek noteikts mitruma,
pelnu, mikroelementu sastavs, un dalinu izmérs. No ta attiecigi tiks noverteta kurinama kvalitate.
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Emergy Analysis in Biomass Cogeneration

Toms Prodanuks, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 3rd year Bachelor
Dr.Habil.Sc.ing. lvars Veidenbergs

This paper presents an emergy analysis in biomass cogeneration. Emergy analysis have been
made for power plant which is located in Latvia. The aim of emergy analysis is to evaluate the amount
of solar emergy used in energy production.

Emergy is the availability of energy (exergy) that is consumed in direct and indirect
transformations needed to make a product or service. The unit of emergy is solar emjoule (sel). To
calculate emergy, transformity is used to express energy unit in to solar emjoules. To express other
units into emergy, specific emergy, emergy per unit money, emergy per unit labour is used also.
Empower is defined as flow of emergy.

A part of emergy analysis is the system diagram. The system diagram helps to show main
inputs, outputs, components and flows between them. The system diagram of cogeneration plant is
shown in figure.
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System diagram of cogeneration power plant

Several inputs as renewable, non-renewable, labor and economical have been taken in account
in emergy analysis. System diagram shows main flows between inputs and components of the system.
All inputs and outputs are converted in emjoules. Finally, emergy indicators such as renewable
fraction, emergy yield ratio, emergy sustainability index, etc. are calculated.

Kopsavilkums

Darba mérkis ir veikt emergijas analizi kogeneracijas stacijai. Emergija ir defingta, ka pieejama
energija (eksergija), kas vajadziga tie$a vai netie$sa veida, lai raditu produktu vai pakalpojumu.
Emergijas analize tiek veikta, lai noteiktu sistémas ilgtsp&ju.

Darba tika veikts literatiiras apskats par emergijas analizi, apskatits kogeneracijas stacijas
darbibas princips, izveidota sistémas diagramma, aprékinata stacijas pateréta emergija un emergijas
indikatori.
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The development of the reconstructed grain dryers calculation methodology

Martins Kandis, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2rd year Master
Dr.Sc.ing. Martins Gedrovics

Latvia agriculture one of the main industries are grain production. In recent years, the harvested
grain is growing and with it appear greater need for grain processing after harvesting. One of the ways
to save long as possible whole grains and avoid damage is to remove moisture from the grain. Grain
moisture is removed by drying method of a grain dryer. Thus, the increase in the extent of harvested
grain drying energy consumption also increases.

Master thesis are under consideration for pit grain dryers, which is one of the most popular
types of grain dryers Latvia. Work will be discussed opportunities for grain drying process to save
heat, which is used for removing moisture from agricultural grain, corn and peas. The main tasks of
the master's work is raised: Get the raw data from an existing and functioning grain dryers, grain
dryers to evaluate the selected drying system in terms of efficiency, to model more efficient drying
system, including the outgoing hot air heat recovery by means of recycling and the use of a heat pump,
as well as to understand the size of the heat loss from unheated grain dryers. Finally evaluate the
possibility of obtaining the necessary drying energy production with renewable energy sources.

Master at work will need to deal with several problems which can significantly affect grain
drying efficiency. For example, one of the problems is the recirculation of air links with the cooling
temperature and moisture content of the removal of the size, that is, because warmer air back into
place on the grain in the dryer in less moisture is removed from the grain and conversely, thus the need
to find the mid-point favorable. Therefore, the next question banged by the heat pump's capacity to
handle damp air.

Results of the work will now work out the grain dryer and heat recirculation pump selection.
The methodology will easily be defined in a recirculation or heat pump is necessary to the grain dryer,
grain dryer having regard to the size and productivity. It is expected that it will be possible to save
from 30 to 40 percent of the initial energy consumption. It is expected that work will be of
considerable practical importance

Kopsavilkums

Graudkopibai Latvijas lauksaimnieciba ir iev€rojama loma. Lai nodroSinatu iegltas razas
saglabasanu, liela nozime ir kvalitativai graudu zavéSanai. Darba apliikotas Sahtas graudu kaltes
darbibas uzlaboSanas iespgjas. Darba tiek izverteéta esosas graudu kaltes zaveSanas sist€ma no
efektivitates viedokla, tieck modeleta efektivaka zavéSanas sistému, ieklaujot aizejosa karsta gaisa
siltuma atgiSanu, izmantojot gaisa recirkulaciju. Aplikota siltuma siikpa pielietoSanas iespgjas.
Izvertétas iesp&jas zavesanai nepiecieSamas energijas iegiisanai no atjaunojamajiem energoresursiem —
salmiem, kas rodas graudu ievakSanas rezultata, un koksnes kurinama. Darba rezultata izstradata
metodika graudu kaltes aprékinam, izmantojot recirkulaciju un siltuma siikni. Sagaidams, ka ieviestie
pasakumi laus ietaupit 1idz 30 procentiem energijas, salidzinot ar esoSo situaciju, lidz ar to iegiitajiem
rezultatiem ir nozimiga praktiska nozime.
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Mathematical model of biomass pyrolysis process

Janis Klavins, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Habil.Sc.ing., lvars Veidenbergs, Dr.Habil.Sc.ing. Dagnija Blumberga

There is a high demand of charcoal and it has no rapid fluctuations because of the many options
of usage. In addition, the pyrolysis can be done with any biological material, even waste. Therefore,
the pyrolysis of biomass is a good idea for energy and fuel manufacturing in Latvia. The master’s
thesis are focused on the operational parameters and problems of charcoal production in Latvia with
“Lambiotte” retort that is mounted in Livani city.

The aim of the master’s thesis is to research pyrolysis process by combining the results of
operational charcoal manufacturing plant, verified theoretical mathematical model and laboratory
experiment in order to make pyrolysis process variable analysis and process optimization possibility
analysis.

To investigate the production process the data and samples was collected form the operational
charcoal manufacturing site for further investigation and data analysis. Received temperature data was
analyzed with statistical methods to gain a correct view of average operational temperature regimes
and detect values outside the confidence interval. Samples of biomass and charcoal from the
operational retort was taken to analyze the physical and chemical properties. These parameters will
help to determine the efficiency and productivity of the pyrolysis process and to control the data
validity. For now — the gained data from Latvia are corresponding to overall known values of charcoal
in the world.

For the modelling of pyrolysis process a freely available mathematical model “Gpyro” will be
used to compare the output with the analyzed data. This model will give data about the process
parameters like reaction time and rate, which cannot be detected in the large retort.

To verify and validate the received data from retort and model, additionally experiment will be
carried out to gain data about the pyrolysis and compare with the data from the retort and the model.
The experimental apparatus is shown in the figure below.
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Experimental apparatus for pyrolysis process

Kopsavilkums

Darba merkis ir izpétit pirolizes procesus retorté, salidzinot iegiistamos datus no kokoglu
razotnes, matematiska modela un pirolizes eksperimenta.

Darba tiek veikta literatiiras analize par pirolizes fizikalajiem un kimiskajiem procesiem,
tehnologijam un procesa matematiskajiem modeliem un procesa ietekmi uz vidi. Darba praktiskaja
dala tiek apkopoti un analizgti dati un paraugi no kokoglu razotnes, izmantoti Sie dati matematiska
modelT un analiz&ti iegttie dati, ka arT veikts pirolizes eksperiments. Darba nobeiguma tiks salidzinati
visi iegiitie dati lai atrastu galvenos procesus ietekmgjoSos parametrus un to savstarp&jas korelacijas.
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Tar treatment by biofilters in gasification process

Karolina Mickevica, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems
and Environment, 2nd year Master
Dr.Sc.ing. Aivars Zandeckis

Gasification is one of the most cost-effective methods nowadays used for the production of the
high-quality synthetic gas, energy, fuel, chemicals and fertilizers from the low value raw materials.
Tar formation in the synthetic gas composition interfere gasification process to become one of the
cleanest and cheapest technologies. Filtering the steam of produced gas is the first step of tar
separation and one of the most important activities for the safe engine processes. In this study
downdraft gasifier is selected and such porous bio-filters as activated charcoal, straw, wood chips,
paper and cardboard wastes are used as a solution to provide the qualitative reactions and separate
synthetic gas contaminants. Wood pellets, wood chips and straw are selected as raw materials, basing
on its physical, chemical and morphological properties, economical aspects and prognosticated tar
amount formation. Tar Protocol Analysis or the condensation method- provides tar separation and
synthetic gas purification by using 3-6 Impirger bottles filled with organic solvent (acetone). The
method of solid phase adsorbtion using the Impirger bottles filled with Silica Gel is used to ensure
validation of data. Gas volume meter used to collect data about the volume of purified gas. Gas
Chromatography and gravimetric methods are used to analyse synthetic gas end composition. The
results of usage of different porous biofilters are presented and discussed.

Kopsavilkums

Darba mérkis ir izpétit dazadu biologisko materialu izmantoSanas iespgjas ka biofiltru pildijjumu
singazes attiriSanai no darvas.

Darba tiek aprakstits biomasas gazifikacijas process, pielietojums, iesp&jamie kurinama veidi.
Tiek salidzinati gazifikatoru tipu konstruktivie risinajumi, priekSrocibas un trikumi. Tiek veikta
literatiras analize par darvas rasanas iemesliem un c€loniem, ietekmi uz iekartam un procesiem, ka ari
par darvas koncentracijas samazinaSanas papémieniem un attiriSanas tehnologiju. Darba praktiskaja
dala tiek veiktu eksperimenti ar dazadu biofiltru pielietoSanu singazes attiriSanai no darvas. Darba
nobeiguma tiek apkopoti dazadu porainu biofiltru pielietoSanas iegiitie rezultati un veikti secinajumi.
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Measurement and verification of energy savings measure under performance
contracting

Edgars Augustins, RTU Faculty of Power and Electrical Engineering, Institute of Energy Systems and
Environment, 2nd year Master
Dr.Sc.ing. Caludio Rochas

As the main part of Latvian multi-family dwellings is built in Soviet Union the building sector
consumes averagely 40% of total energy consumption due to the bad quality thermal properties.
Energy efficiency in building sector has become as important problem all around the world and in
Latvia due to the increase in world energy price. The European Union as well has set a target in
environmental, energy and social sector.

In this research | will compile other country experience in measurements and verification phase
and will develop guideline for Latvian building sector as a potential solution to raise society trust and
clearly show the real results as energy savings of renovation project. As right now energy
measurement and verification part is disorganized and in most of the cases verification part is done by
the same construction company without third party involvement, which may evaluate results and
increase transparency.

In research part | will develop a building physical model for multi-family buildings. With the
help of model user will have possibility to predict energy saving results within a margin of accuracy.
The model will be validated with 5 deeply renovated multi-family building projects.

Hypothesis: Measurement and verification procedure in Latvian multi-family buildings are not
well harmonized with the stockholders as ESCO, municipalities, residents, house maintenance
companies. With unclear accuracy and unpredictable costs allocation.

Kopsavilkums

Darba mérkis ir izpétit citu valstu pieredzi un praksi energoefektivitates ietaupljumu mérisana
un to verifikacija, lai spétu nodroSinat pietickamu augstu precizitati ar pec iesp&jas zemakam
izmaksam.

Darba tiek veikta literatiiras analize par Latvijas daudzdzivoklu maju sektoru, lai atspogulotu
realo situaciju un nepiecieSamibu steidzami attistit energoefektivitates paaugstinasanas pasakumus.
Nemot veéra citu valstu pieredzi radit vadlinijas, kuras vargtu ieviest Latvijas tirgi. Darba izp&tes dala
tiek izstradats aprékinu platforma, ar kuras palidzibu pie konkréta limena precizitates varés prognozet
ekas energoefektivitates ietaupijuma potencialu. Aprékinu modelis tiks validéts ar pieciem reali
realiz€tiem energoefektivitates paaugstinasSanas projektiem Latvija. Darba nobeiguma tiek veikti
secinajumi par energijas ietaupijumu mérijumiem un verifikaciju Latvija, ka ari izveértéta modela
pievienota vertiba eku renovacijas projektiem.
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