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Preface 
This is a final project of 30 ECTS for a Bachelor Degree for the Development Assistance Engineering 

Program at the University of Skövde. The project is a collaboration between the University, Borlänge 

Energi AB   and Peace&Love Foundation.  It includes studies in Sweden and ten weeks of field 

studies in Moldova.  

This is a technical study that investigates the possibilities for implementing existing techniques in a 

new context. It discusses which small scale and environmental friendly heating- and domestic hot 

water system to be installed in an energy-efficiently built Youth Centre in Lozova, Moldova.  

As a preparation for working life we have chosen to be three persons together in writing our Bachelor 

Degree paper. As Development Assistance Engineers it will be of great advantage for us to have skills 

in collaboration and communication. For us to practice this way of working is a valuable opportunity 

to use our theoretical knowledge from the University in a realistic way.  

We would like to thank Borlänge Energi AB, especially Ronny Arnberg, International Project Co-

ordinator, and Peace&Love Foundation for giving us the opportunity to work with this interesting 

project. Our appreciation also goes to Rodica Afanasieva at BNG Moldova for having us, and to all 

the people engaged in youth activities in Lozova; Rodica Jardan, Tamara Vermicescu, Maria Ursachi 

and Stefan Manic.  Last but not least, a big thank you to Anna Brolin, our mentor at the University of 

Skövde, for all the support and feed back during the whole process. 

For economical support we would like to thank Din El AB and Ångpanneföreningen, ÅF. 
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Abstract 
Moldova is a country that during the last twenty years, since the declaration of their independence, has 

had big problems within the energy sector. The infra structure that exist is outdated and there are few 

national sources of energy. Today Moldova import 94-98 % of the total energy consumption from 

surrounding countries. The usage of renewable energy sources is today low and in its beginning. There 

have been a few previous projects within the area.  

In 2010 Borlänge Energy AB and the Peace&Love Foundation took  an initiative to start up two Youth 

Centres, one in the countryside and one in the capital, Chişinău. These centres will not only contribute 

to offer a sanctuary for young people but as well function as a good example of energy efficient 

construction and the usage of renewable energy sources.  

The projects’ purpose is to design an ecologically sustainable solution for the building construction, 

the supply of domestic hot water and the domestic heating for the Youth Centre that will be built in 

Lozova, Moldova. The aim is to present a final suggestion of this complete system in a report. The 

gathering of information is based on literature but also interviews and study visits. All the stages have 

been done both in Moldova and Sweden. The work is done within the three areas: Energy smart 

building construction, thermal solar system for domestic hot water and heat and biomass fueled boilers 

for small scale use. The domestic heating system is based primarily on sun energy with a 

complimenting biomass boiler.  

Different materials for the building construction are compared with a starting point in different 

traditional types of buildings. Three different standardized cases are put against each other and these 

results in a recommendation of a low U-value. Meaning a value of how high the flow of energy is 

allowed to be through the house. This U-value is then used to obtain the total annual energy use which 

then lies as ground for the sun- and biomass energy system. Moldova’s biomass resources are mapped 

to identify possible choices for the biomass boiler. An evaluation of the boiler that in the end will give 

the best result for the environment is done. In the simulation program Polysun two different cases of 

combined sun and biomass systems are compared to each other. One system is designed with more 

basic technique and the other one is designed with more advanced technique. The results from Polysun 

and the Moldovan capability to receive the technique are taken into consideration and in the end the 

system designed with basic technique is chosen.  
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Sammanfattning 
Moldavien är ett land som under de senaste tjugo åren sedan sin självständighet haft stora problem 

inom energisektorn. Den infrastruktur som existerar är föråldrad och det finns få inhemska 

energiresurser. Idag importerar Moldavien 94-98 % av sin totala energikonsumtion från omkring-

liggande länder. Användandet av förnyelsebara energikällor är idag lågt och ligger i uppstartsfas. Man 

har tidigare implementerat ett fåtal projekt inom området men den huvudsakliga energikällan är i 

dagsläget naturgas.  

Borlänge Energi och Peace&Love Foundation tog under 2010 initiativet till att starta upp två 

ungdomscenter i Moldavien, ett på landsbygden och ett i huvudstaden Chişinău. Dessa center syftar 

både till att motivera ungdomar i trakten att ta sig ur sysslolöshet och till att utgöra ett bra exempel på 

energieffektivt byggande och användandet av förnyelsebara energikällor.  

Det här projektets syfte är att ta fram en ekologiskt hållbar lösning för huskonstruktion samt 

uppvärmning av varmvatten och hus till det ungdomscenter som kommer att byggas i Lozova, 

Moldavien. Målet är att presentera ett slutgiltigt förslag på detta kompletta system sammanställt i en 

rapport. Faktainsamlingen är baserad på litteratur men även intervjuer och studiebesök. Alla dessa 

moment bedrivs både i Moldavien och i Sverige. Arbetet genomförs inom tre olika ämnesområden: 

Energismart huskonstruktion, solsystem för värme och vatten samt biobränsledrivna pannor för 

småskaligt bruk. Uppvärmningssystemet baseras i första hand på solenergi och kompletteras med en 

biomassapanna.  

Olika material och typ av huskonstruktion jämförs med utgångspunkt i olika traditionella 

byggnadsutföranden. Tre olika standardiserade fall ställs mot varandra och resulterar i en 

rekommenderat lågt U-värde, det vill säga ett värde på hur högt energiflödet genom byggnaden får 

vara. Detta U-värde används för ta fram den totala årliga energiåtgången vilket sedan ligger till grund 

för sol- och biomassaenergisystemet. Moldaviens biomassatillgångar kartläggs för att identifiera 

möjliga val av biomassapanna. En utvärdering av vilken sorts panna som i slutändan ger det bästa 

utslaget för miljön genomförs. I simuleringsprogrammet Polysun ställs två olika 

kombisystemuppsättningar bestående av solenergi och bioenergi mot varandra. Det ena systemet är 

designat enklare och standardiserat system. Det andra är designat med mer avancerad teknik. De båda 

systemen ställs mot varandra och resultaten samt Moldaviens mottagarkapacitet att ta emot tekniken 

tages i omtanke. I slutändan så väljs systemet designat med enklare standardiserad teknik ut som det 

slutgiltiga förslaget.  
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Population: 4,317,483 (July 2010 est.) 
Area: 33,851 sq km 

BNP: $2,300 (2009 est.) 

Country comparison to the world: 182  
Labor force - by occupation:  

agriculture: 40.6% 

industry: 16% 

services: 43.3% (2005 est.) 
Natural resources:  

Lignite, phosphorite, gypsum, arable land, 

limestone 
Languages:  

Moldovan (official, virtually the same as the 

Romanian language), Russian, Gagauz (a 
Turkish dialect) 

 

(CIA) 

 

1. Introduction 

1.1 Background to the project  
Borlänge Energi AB have since the 90’s been involved in a great number of international development 

projects e.g. in Chile, China and Romania. The company work within waste management and 

environmental plans and is very interested in sharing and exchanging information within the energy 

sector. Their latest cooperation is together with the municipality of Chişinău, Moldova, see Figure 1.  

The newly started Peace&Love Foundation is a 

non-profit organization whose aim is to work 

for a better world both internationally and 

nationally. These two stakeholders have 

together taken the initiative to build and 

maintain two Youth Centres in Moldova. The 

first one will be located in Lozova, 30 km from 

Chişinău.   

Lozova, a village of 7000, is in a radius of 10 

km the largest village out of six. In these 

villages there is a mix of people with different 

heritage; Cultural, normative, linguistic etc. In 

Lozova there are 2040 youths (Tamara) within 

the age of 10-30 years old. Due to the high 

unemployment rate and the lack of activities 

offered there is a huge need for a Youth Centres 

to be started. The purpose for Peace&Love 

Foundation is to create a meeting point for 

youths in Moldova where they can express 

themselves culturally and express their views. It 

should serve as a place to spend one’s free time, 

grow and develop in. The centre will work both 

as a place to hang out and as a place for 

meetings. It will be run entirely in line with the 

Peace&Love spirit about diversity, fellowship 

and understanding and will be politically 

independent. The centre would also be a 

supporting environment for the great number of 

youths who have their parents working abroad. 

  

Figure 1. Moldovas location (Heritage, 2010) 

https://www.cia.gov/library/publications/the-world-factbook/rankorder/2004rank.html?countryName=Moldova&countryCode=md&regionCode=eu&rank=182#md
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1.2 Historical background of Moldova  
Moldova became a Soviet republic in 1940 and so remained until the collapse of the USSR in 1991. 

As a part of the USSR most energy was delivered from other regions, and it was distributed free of 

charge. When in 1991 the Republic of Moldova was formed there existed a few energy producing 

plants in the country, mainly in the Transnistria region. Even though the demand for energy went 

down significantly due to the stagnation of the economy, the internal gas- and coal resources were far 

from sufficient and Moldova’s dependency on other regions continued. For the last decades, 94-98% 

of the energy consumption in Moldova has been covered by import. Gas and coal comes from Russia 

and Ukraine, whereas electricity is delivered from the Romanian, Bulgarian and Hungarian net 

(UNDP, Republic of Moldova, Energy Profile, 2009, November). 

The total installed capacity of the country’s power stations is about 3000 MW, however only about 

1600 MW are actually used. The total consumption is up to 25 TWh (UNDP, Republic of Moldova, 

National Energy Policy Information for Regional Analysis, 2009, September). In the larger urbanized 

areas where the district heating net provides for most buildings the heating season runs from October 

through March. In total, about 75% of the urban dwellings in Moldova have district heating systems. 

Either the heating is on or it is off, there exist no way of controlling the temperature within the 

building. Most buildings are badly insulated, the pipes for central heating are leaking and the old 

combined power and heating plants are worn down. Studies indicate that as much as 15-25% of the 

energy production is wasted (UNDP, Republic of Moldova, Energy Profile, 2009, November). 

To turn this scenario of dependence around Moldova needs to tackle two main areas: Energy 

conservation and energy production. If built in, or reconstructed in, an energy efficient way buildings 

could lower their consumption significantly. Today the households stand for 50% of the country’s 

total energy consumption, buildings using up a great part of that sum. The domestic energy production 

could be increased by using renewable energy sources; Biomass, sun, wind, geothermal etc. The 

“Energy Strategy of Moldova until 2020” foresees an increase of the share of renewable energy 

sources in the country’s energy balance up to 6% in 2010 and 20% in 2020. Already projects have 

been implemented to show the public how RES can substitute gas and coal. For example 

municipalities in Antoneşti and Balţi have had straw bale boilers installed which provide the heating 

for kindergartens, high schools and municipality buildings (REAW). A few recently founded 

companies are working within the RES field but the interest from the public is still low 

(www.solaraterm.com/index.php). Equipment is expensive compared to an average income, and even 

though the investment could easily be paid back in 15 years this is a long time in a country with low 

economical stability. There is also a need to change the mentality towards RES; Gas is seen as the 

cleanest, easiest way of heating your home and it also gives you the advantage of deciding yourself 

when to put the heating on.  

Compared to most renewable sources, gas still holds a strong position. However, the tariffs went up 

with 16% last year and during the next decade gas prices are assumed to reach the level of the EU 

which will definitely create a new economical energy balance within Moldova (ANRE, Agenţia 

Naţională pentru Reglementare în Energetică).  
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1.3 Purpose and goal 
Purposes: To provide an environmentally sustainable solution for how to construct and heat a Youth 

Centre located in Lozova, Moldova, initiated by Borlänge Energi and Peace&Love Foundation. This 

report will present them with the possibilities and conditions in Moldova regarding energy efficient 

buildings and the usage of thermal solar energy and biomass. 

To write a final report that will be the result of the project in a Mechanical Engineering Bachelor 

Degree, 30 ECTS. 

Goal: A final conclusion and suggestion for an energy efficient building and heat- and domestic hot 

water system. The energy sources used shall be renewable and the greater amount over the year will be 

from solar energy. 

1.4  Limitations 
Due to late information regarding the specific parameters for the building and its usage, a number of 

figures have been roughly calculated or assumed to no hinder the process of work. 

The project will not include a detailed construction design, meaning no blueprints or exact 

architectural design will be presented. Ventilation will only be addressed as natural draft, and a 

mechanical system is not taken into consideration. The generation of heat from household equipment 

and persons will be disregarded in the calculations for heat usage.   

Due to their preferable properties for small scale heating systems, the only RES investigated are solar 

collectors and biomass furnaces. All other RES are excluded. 

Within the project no economic limitations have been given from the stakeholders.  Therefore no 

economical comparative study or pay-back time calculations have been undertaken.  
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2. Theory 

2.1 Introduction to building construction 
A building can be seen as a shell erected to provide shelter. The better heat transfer qualities the shell 

has, the less energy will be needed to keep the inside at a comfortable temperature. Today 40% of the 

world’s total energy consumption is used for heating and cooling buildings. The faster the 

implementation of new knowledge and technologies can be done, the less energy will be wasted. 

Several new construction terms such as “Passive Houses” and “Low Energy 

Buildings” have been introduced during the last decade, and the strife is to make these 

new ideas a general standard. As an example, in the EU a program called Green 

Building, Figure 2, was initiated in 2004 and has been developing since then. It is a 

strategy to lower the energy usage of non-residential buildings by providing advice to 

the owners on how to “realize cost-effective measures which enhance the energy 

efficiency of their buildings in one or more technical disciplines” (www.eu-

greenbuilding.org). 

In Sweden new rules have been adapted to ensure that all buildings built or sold shall make an energy 

declaration. The energy usage during a year is presented as the total usage (in kWh) or as the specific 

usage (in kWh/ m
2
). The document will also provide proposals for what changes that can be done to 

reduce the energy usage (Boverket, 2009). 

Bearing this in mind, when designing a building it is important to consider what measures that should 

be taken to lower the use of energy and how to implement them. The material in the climate shell 

plays an important role for the minimizing of heat losses and thereby also for the calculations and the 

dimensioning of the heating system. By applying the, in Scandinavia, well known Kyoto-pyramid seen 

in Figure 3 the project will have a good set of guidelines (www.buildwithcare.eu). Starting at the base 

the most important step is to lower the heat losses and thereafter follows the minimized use of internal 

energy and the choosing of alternative energy sources. The following theory is a background to part 

number one: Reduce Heat Loss. 

Figure 2. 

(www.eu-

greenbuilding.or

g) 

Figure 3. The Kyoto pyramid 

(www.buildwithcare.eu) 
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2.2 Heat transfer 
According to the Second Law of Thermodynamics; increased entropy, the disorder of thermal energy 

constantly increases. This means that heat is always moving towards a leveling out of differences 

within a system, for example a building in relation to its surrounding (Areskoug, 2006). The three 

ways of heat transfer are  

 conduction, heat transfer through a body 

 convection, heat transfer through a fluid (e.g. liquid or gas) 

 radiation, heat transfer through particles or electromagnetic waves 

      (Abel & Elmroth, 2008) 

  
As much as 85% of the over-all losses, as seen in Figure 4, are due to heat transfer through the house 

body and a calculation of the conduction of the building is therefore the first step to be taken. 

 
Figure 4. Percentage of conduction through different building sections (Energimyndigheten 2009) 

 
The equation for heat transfer can at a first stage be simplified to estimate a base value. Summarizing 

the three ways of heat transfer and looking more deeply into the conduction of heat leads to a set of 

equations. The second and third are combined for a calculation of the conduction of a building.  

 

                      
 

                                             

 

              

 
Q = transmitted effect [W] 

U = overall heat transfer coefficient [W/m2·°K] 

A = transmitting area [m2] 
 

(Boverket, 2009) 
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All final calculations are preferably done with computer software such as BV
2
 or IsoverEnergi (BV2, 

2010) (Isover, 2010). During recent years research has shown that the surrounding climate including 

prevailing winds, heat degree hours, humidity, pressure etc plays a more important role than 

previously assumed. All these factors are hard to sum up in any calculations done by hand. If 

optimization is the watchword of a project, then the use of software is absolutely crucial for the 

outcome (Berg S. , 2008). (Berg S. , 2008) (Berg S. , 2008) (Berg S. , 2008) (Berg S. , 2008) 

2.3 U-value 
Looking into the terms of the equation above, the U-value 

expresses thermal resistance and has the unit W/m
2
K, the 

lower value the better. It is derived from the λ-value, a 

material property dependent of density, in correlation with 

the temperature on either side of the material.  

 

 

 
  

 

 
  

 

 
   

 

α = heat transfer coefficient at inner and outer wall, 
[W/m2K]  

d = thickness, [m] 

λ = thermal conductivity, [W/mK] 

R = reciprocal of U-value, [m2K/W] 
(Areskoug, 2006) 

 
To calculate the mean U-value of a building the construction is broken down into five main sections; 

Walls, floors, roofs, windows and doors. The U-value for these sections is then multiplied by the 

exterior area they cover.  

 

        
 

      
                                                               

 
The calculation of the U-value of a wall is of course more complex than that of a window, since it has 

more components. For each layer of insulation or protective cover there is a specific λ-value to 

consider, and with bars, beams and other crossing components the calculation is even more complex. 

A final correction of the U-value therefore has to be done considering these factors: 

 Thermal bridges, fasteners 

 Broken layers of insulation 

 Job execution 

 
Thermal bridges are for example beams, nails and anchors. Layers of insulation are considered broken 

wherever there is a chink between two insulating parts. The job execution can affect the building more 

or less depending on the materials and techniques used and the skills of the workers. For example, the 

harder it is to perform a perfect joining of materials the higher the correcting U-value will be. These 

corrections, which will all increase the mean U-value, have standard values which can be found in 

different tables. (Berg S. , 2008).  

U-value [W/m
2
K] 

 A measure of heat transmission 

through a building part or a given 

thickness of insulating material, 

expressed as the number of 

thermal units that will flow in 1 

hour through 1 square meter of the 

structure or material from air to air 

with a temperature differential of 

1°K. 

 

(McGraw-Hill, 2003) 
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All countries have different laws for which U-value is required for a building. Based on these figures a 

customer can, if he/she so wishes, decide upon a U-value which will then have to be considered by the 

architect and the constructor. Apart from legislative figures there are other norms, for passive houses 

for example 0.10-0.14 W/m
2
K depending on the locations climate zone. The EU is pushing for these 

norms for passive houses to be taken as a standard in 2016 (www.passivhuscentrum.se). In Sweden 

BBR (Boverket, 2009) has set the following rules, see Table 1, for buildings not exceeding 100 m
2
 and 

for all others the mean U-value is set to 0.60-0.70 W/m
2
K. 

 

U [W/m
2
K] 

Building with other system for 

heating than by electricity 

Building with heating from electricity 

where the area is 51-100 m
2
 

U roof 0,13 0,08 

U wall 0,18 0,10 

U floor 0,15 0,10 

U window 1,3 1,1 

U door 1,3 1,1 

Table 1. Restrictions for U-values according to Boverket (Boverket 2009) 

2.3.1 Properties of building materials 

The thermal transfer in a material is dependent upon the materials density, porosity and humidity. The 

denser a material is the easier heat travels through it. In a molecular structure where the molecules are 

tightly connected, both electrons and vibrations spread easily, causing the heat to transfer through the 

body. Steal for example is a good heat conductor with a high λ-value of 50-60 W/mK.  

In a material with small pores, where the air cannot move easily, heat is retained more efficiently. Air 

is a good insulation material as long as it is not in motion. In cavities the air tends to circulate, the hot 

air moving upwards and the cool air moving downwards. If the cavity is small enough the friction 

between these two air streams inhibits the motion and thereby the transfer of heat. As a result of this, 

materials with porosity over 95% such as mineral wool are good insulation materials. When dropping 

below 80% the insulation properties are no longer good enough for a builder to be able to keep a 

reasonable thickness of the material. The equivalent for 100 mm mineral wool in concrete is for 

example 3100 mm (Berg S. , 2008). If they are compressed into tight bales many organic materials can 

work well as insulating materials with a very low λ-value, for example straw with 0,040-0,045 W/mK 

which is equal to mineral wool (www.hausderzukunft.at).  

When checking the λ-value of a material in a table, the figure is always given for a dry environment. A 

correction must therefore be done when the material will be applied in any environment inclined to be 

humid, since the λ-value will be increased. 

             

λD = Declared thermal conductivity for a material, [W/mK] 
ΔλW = Correction value for the thermal conductivity when the material is used in a humid 

environment, [W/mK] (Abel & Elmroth, 2008). 
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2.3.1.1 Heavy and light structures 

A heavy structure such as a building of stone has a better capacity for creating a more stable indoor 

climate, since the thermal capacity is much larger than that of a light structure. Heat can be stored 

during the hot day to be given off during the cooler night. Over the year the temperature will be less 

fluctuant in a heavy building, as seen in Figure 5, thus making it easier for the inhabitant to control the 

climate of the building. 

 

Figure 5. The indoor temperature variation for a light versus a heavy structure during a typical winter- 

(left) and an early- and late summer period (right) (Ståhl 2000). 

To fully absorb as much heat as possible a heavy material needs to be at least 10-15 cm thick. This 

penetration depth varies with the material used, see Figure 6. The transfer of heat is dependent of the 

resistance in the surface between air and material, such as the colour and structure, the movement of 

the air and the difference in temperature of the wall and other surrounding areas. If covered with 

shelves, textiles, paintings etc the capacity of the heavy structure to store heat becomes less since these 

materials themselves have a heat resistant effect and will be a hinder between the heat in the air and 

the heavy material (Betongvaruindustrin, 2001).  

 

Figure 6. Depth of penetration for heat in different construction materials (Betongvaruindustrin 2001). 

To maximize the benefits from both structures, a building with light well-insulated outer walls and 

heavy heat-storing inner walls is a good combination. The risk for settling is lower with a light 

construction, which can be important to remember when building on relatively instable clay ground 

common in Moldova. Also, both wood and porous materials such as bricks are materials that can 

absorb a lot of moisture. This makes the indoor climate more comfortable since the material works as 

a buffer zone which absorbs and releases moisture during the day (Bokalders & Block, 2009). 
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2.3.2 ΔT and Heat Degree Hours  

Calculating a building’s total conductivity, Q = U·A·ΔT, 

the outdoor temperature difference during the year must be 

included. To make an approximation of the energy usage for 

a longer period of time, the best way is to use weather data 

for the specific location, determining the heat degree hours, 

HDH, or the heat degree days, HDD (www.degreedays.net). 

In Sweden measurements have been done continuously 

throughout the country since the 1860’s  (www.smhi.se) and 

a lot of these data have been put together in tables which are 

showing the HDD and climate in different zones. There are 

also companies working to build up global databases with 

weather data, where most data comes from airports and 

other such meteorologically dependent bases. It is important 

to remember that the factor of uncertainty can be rather high 

when using this information since the weather data has not 

always been collected in a systematic way and often during 

a shorter period of time. 

The information needed is the temperature difference above or below a specific base temperature. 

When deciding upon the indoor temperature for calculations this base temperature is usually set to 16 

degrees, since 2-3 degrees can be added from the heat produced by inhabitants and machines. 

Consideration should also be taken to the effect of solar insolation raising the indoor temperature. The 

placement of windows offers a good possibility to lower the need for heating by maximizing the use of 

insolation during the year.  

Putting the HDH into the calculation for conductivity, ΔT is replaced by HDH and therefore the result 

is given in watt hours. 

 
               

(www.degreedays.net) 

 

  

Degree-Day (DD) 
The number of units (degrees) that 

the average outdoor temperature falls 

below or exceeds a base value 
(usually 16°C) in a given period of 

time. Each degree that the mean 

daily temperature is above the base 
value is a cooling degree-day (CDD)   

unit. Each degree that the mean daily 

temperature is below the base value 

is a heating degree-day (HDD)   unit. 
Degree-days are a reasonably good 

indicator of the heating and cooling 

requirements of buildings. 
 

(McGraw-Hill, 2006) 
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2.4 Combustion of biomass fuels 
The combustion of a solid material converts chemically bound energy to heat. The coal and hydrogen 

in the fuel is oxidized to carbon dioxide and water. It is during this reaction that chemically bound 

energy is released in the form of heat. Below is presented the main general reactions taking place 

during combustion. 

OHOH

COOCO

COOC

222

22

2

22

22

22







 

(www.novator.se) 

To maintain the combustion and make the oxidization possible naturally oxygen, in some form, need 

to be added. Normally some mechanism raising the temperature to start the combustion is also 

necessary. The combustion process is a complex process affected by several parameters. Identifying 

the different steps of the process helps understanding how these parameters should be set to optimize 

the combustion. The four sub processes for biomass combustion are: 

 Drying – The water in the fuel vaporizes 

 Pyrolysis – Volatile substances vaporize 

 Combustion of volatile substances 

 Combustion of residues 

Each sub process requires certain conditions to take place and modern combustion techniques for 

biomass boilers therefore try to separate the phases in order to control and optimize the processes. The 

fuel bed will be divided into different zones during combustion: drying, vaporization and the first part 

of gas combustion. To optimize combustion these three zones should be well defined, separated and 

constant in time. This is something that is harder to achieve when burning fuel in batches 

(www.novator.se). 

2.4.1 Time, Turbulence and Temperature 

The three most important parameters affecting the different processes are: Time, Turbulence and 

Temperature. The fuel in every step needs to have a high enough temperature during long enough time 

to react fully with the oxygen which needs to be added in the right proportion to the fuel.  

Time The chemical reactions happening during combustion all need enough time to be completed. 

The easiest way of prolonging the combustion gases’ stay in the right temperature is to prolong the 

distance travelled from solid phase to exit. This means a well designed overall construction of the 

boiler/furnace. To further adjust the duration of stay the flow rate needs to be controlled for example 

by its relation to the air supply.    

Turbulence To achieve complete combustion enough oxygen (air) needs to be added to allow the 

chemical reactions to even up. This minimum amount is called stoichiometric oxygen amount. If this 

amount is not reached you will not get maximum energy out of your fuel and unhealthy gases will be 

emitted. In reality more air than the stoichiometric amount is needed to compensate for insufficient 

mixing of the air and the fuel. The term used in the context of combustion is thus excess air which is 
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measured in percent. Adding too much air affects the efficiency of the boiler negatively since heat is 

lost into simply heating up air that will pass out through the chimney. The air flow will also affect the 

flow rate of the gas/air mix and thus the time they have to react fully. Air is added to the boiler in two 

areas. Primary air is the air added to enable the gasification process in the fuel chamber. Secondary air 

is thus added to enable the combustion of gases in the gas chamber. The two basic parameters to work 

with are the amount of air added per time unit and where to add it to get a good mixing. The air can be 

added naturally or by electric fans either blowing or sucking the gases through the furnace. A well 

designed geometry of the combustion chamber can enhance the turbulence significantly forcing the 

gases to rotate. What is aimed at when it comes to turbulence is that every molecule in the gas is in 

proper contact with oxygen. This gives an idea of how important it is that the air is well mixed with 

the gases. Today there is computer software helping to simulate the flow patterns of gases developing 

the design of modern furnaces. 

Temperature Different chemical reactions start at different temperatures. A fuel with a very 

complex chemical composition consisting of a large number of different substances is harder to 

combust. Biomass fuels are in general more complexly composed than for example coal or natural gas. 

To ensure a good combustion all the required temperatures need to be reached in the right part of the 

furnace. Figure 7 presents the temperatures needed in the different phases of fuel wood combustion. 

High temperatures above 1000 °C are needed but there is also an upper limit to good combustion. At 

too high temperatures unhealthy gases are formed and emitted (www.novator.se) (Gustavsson, 2003) 

(www.energihandbok.se).  

 

Figure 7. The temperature spans of the different sub processes of biomass combustion (www.novator.se) 

 

Figure 8 shows how temperature and turbulence correlate in 

combustion. The importance of the balance is visualized. There is 

a span referred to as good combustion giving some room for slight 

changes in either one of the parameters. It should however be 

remembered that a good air/temperature balance is still not good if 

the time of the different combustion steps is not controlled or 

adjusted. 

 

 

 

Figure 8. An example of the relationship 

between excess air and temperature in a 

combustion process (McGowan, 2009) 
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2.5 Design of biomass boilers 
Wood is as stated a traditional fuel and much research has been done on the combustion process of 

wood logs. Being somewhat the starting point for small-scale biomass combustion they are interesting 

to take a closer look at. To understand the challenges met with other fuels this report starts by 

analyzing fuel wood combustion. Wood logs cannot be automatically fed in a convenient way, which 

means that they have to be manually fed, and the firing will thus be in batches. As described above 

combustion is always better when held constant and stable. Fuel wood boilers will have to be well 

designed and constructed to minimize the disadvantage of not having continuous combustion. Another 

challenge connected to the manual charging of the boiler is that it requires more from the user. Much 

responsibility is put on her/him to fire properly to reach the desired efficiency. This problem is well 

discussed and there are ways of reducing the risk of human errors or mishandling.  

There are three main principles for burning wood logs: ascending combustion, horizontal combustion 

and descending or reversed combustion.  

Ascending combustion, see Figure 9, is the most common 

principle used in older boilers. Here the primary air is supplied 

underneath the wood it then passes through the wood stack 

bringing the combustion gases with it. This principle has the 

disadvantage of igniting the whole batch of wood simultaneously 

making the power output very intense but rapidly decreasing. 

This strongly conflicts with the strife towards a stable 

combustion. Ascending combustion often do not separate the sub-

processes enough instead many of them happen simultaneously 

and in the same space. Further leading the combustion gases 

upwards limits the possibilities to reach a complete combustion 

due to the short passing time. A very high and bulky boiler would 

be needed to meet the requirements in time for good combustion. 

Many furnaces of this type have thus low efficiencies around 50-

65%. 

In Horizontal combustion, see Figure 10, the primary air is also 

led in beneath the wood but is then forced to continue out 

horizontally in level with the grate. The wood batch is in this 

way ignited gradually, sinking down towards the grate as it is 

vaporized. The combustion gases are lead into a second 

combustion chamber where the secondary air is added to boost 

the combustion.  

Reversed combustion, see Figure 11, has its primary air inlet 

located above the woodpile which makes it burn from underneath 

in the same way as for horizontal combustion. The combustion 

gases flow down to a second combustion chamber below the first 

one. This technique is used for modern boilers and reaches high 

efficiencies. The combustion and flue gases are allowed to travel a long distance ensuring both good 

combustion and efficient convection. On the other hand it requires good draught to maintain the forced 

reversed direction of the gas flow (www.novator.se).  

Figure 9, 10 and 11. (www.novator.se) 
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2.5.1 Important features in the design of a fuel wood furnace with reversed combustion 
 

As seen in Figure 12 the fuel chamber needs to be 

designed so that the wood sinks down without 

being hindered in any way. The fuel chamber has 

the function of feeding the fuel to the ignition and 

gasification point, which needs to be concentrated 

to one area and not extend upwards in the wood 

pile. The primary air intake location also helps 

controlling the amount of wood taking part in the 

combustion. In many cases these are situated in 

the grate which means that the grate also is an 

important feature for the fuel chamber. 

The grate has many more functions than just 

serving as a platform to place the fuel on. 

Physically being in the central point of the 

combustion process it has great potential to ensure 

a steady process. This means that newer boilers have 

grates made of ceramic materials in order to keep 

thermal conditions steady, which in its turn keeps irregularities in the fuel or the behaviour of the fuel 

stack from disrupting the combustion too much. The grate also has the function of gathering and 

leading the gases from the gasifying further. As mentioned before it in many cases is the intake for 

both primary and secondary air. These two functions give the grate a central role in creating good 

mixing of air and gases. The grate is thus designed with many air inlet channels which are very 

important to the combustion. If well designed they control the flow rate of combustion gases and thus 

their mixing with the secondary air.  

The air supply is very important to avoid unhealthy emissions and ensure high efficiency which also 

gives large environmental benefits. This is discussed in the theory paragraph. Fans can enhance the 

result by keeping the combustion steadier. Preheating of the air can also have big advantages 

especially for the secondary air since less temperature difference between the air and the combustion 

gases will favour the mixing. Both these techniques need electricity and also make the boiler more 

exposed to breakdowns by relying on more supportive equipment.  

The combustion gases obtained from biomass combustion are many and have different combustion 

temperatures, some of them needing temperatures around 1000 C. To ensure this the combustion 

chamber is nowadays insulated with ceramics. Its geometry also needs to be disturbing the gas flow 

spurring the turbulence and slowing down the flow to ensure complete combustion (Gustavsson, 

2003). 

2.5.2 Technical solutions available to improve the combustion 

There are ways of improving the performance of a boiler reducing its environmental impact. However 

the extra devices and more advanced technique often brings along an increased risk for breakdowns 

and make the customer more dependent on availability of spare parts. They also bring the price up but 

lower the risk for mishandling. Below are mentioned a few of the techniques used.  

Figur 12. Modern wood log boiler with descending 

combustion (www.amackmurdie.ltd.uk) 
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Preheating of supply air 

To shorten the start up phase which results in big emissions some boilers are equipped with pre-

heaters to faster reach desired temperatures.   

Blue flame technique 

Most boilers today use something that is called blue flame technique. The blue flame is a result of very 

good combustion conditions when water molecules are present during the combustion and they are at 

work in combination with good turbulence. The water molecules change the chemical chain reaction 

by splitting the hydrocarbons to shorter more easily combusted molecules enhancing the combustion.  

Condensation of flue gases 

This technique aims at raising the boiler efficiency by also using the heat in the flue gases leaving 

through the chimney. By condensing the gases either through direct or indirect contact with cooling 

water more heat can be restored from the process. Another advantage is the side effect allowing 

emissions to be gathered and treated when sticking to the thin water film that is generated on the heat 

exchangers. The emissions are concurrently the obstacle hindering the possibilities to install flue gas 

condensers. Too polluted gases will clog the heat exchangers making the technique only suitable for 

very clean boilers.  

Lambda probes 

A way of ensuring low emissions and good combustion is by analyzing the flue gases leaving the 

furnace. A lambda probe, which is an electronic device taken from the car industry, is a sensor 

sensitive to the oxygen content in a gas mix. The information gathered by the probe is sent to the air 

intake regulator making the boiler less sensitive to irregularities in the combustion such as variations 

in fuel quality or wood log jams or collapses. This also improves the performance in the first and final 

stage of combustion. Other boilers use the temperature of the flue gases as an indicator controlling the 

air intake device. This type of temperature sensors can be made to a very low cost and work in a 

mechanically simple way almost completely avoiding failures. On the other hand they are less 

accurate since a high temperature flue gas can still contain unburnt components that have had a too 

fast flow not allowing them to react fully. However, if used by a more skilled user it can be a good 

tool (Gustavsson, 2003). 

2.6 Emissions from small-scale biomass combustion 
Small-scale biomass combustion is a well debated subject since the emissions from this type of 

heating of houses etc can be dangerous to peoples’ health especially in the direct surrounding area and 

in areas where buildings and biomass boilers appear densely. Emissions from private houses are 

spread much closer to the ground than for larger district heating systems and the like. Energy from 

biomass fuels has good environmental benefits due to its low (close to zero) carbon dioxide emissions 

but this does not mean that other types of emissions can be overlooked. The dangerous substances 

related to biomass combustion can be divided into gas phase and particle emissions. The gas phase 

emissions can be of the type contributing to the global warming but can also have a direct negative 

effect on peoples’ health. The particle emissions are divided by size since this is decisive for how they 

will affect the body when inhaled.  

Studies have shown that biomass boilers in the size range designed for individual households have by 

far the highest rates of emissions. Many of these emissions have been measured from old direct-acting 

boilers and it should be said that there are techniques available on the market with a significantly 
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ameliorated combustion such as modern state of the art pellet furnaces, see Figure 13. Batch fired 

furnaces have a much lower potential to lower their emissions than continuously fired pellet furnaces 

due to imperfect combustion during the start up. The thermal inertia of the furnace and the fuel batch 

leads to a too cold phase with high emissions. This is a problem hard to come by and also one that 

stands for 50% of the total emissions of a batch fired furnace. Connecting your furnace to an 

accumulation tank will have great impact on your emissions and this can be a good first step for many 

households today. Another reason for the high emissions on furnaces is that the possibilities to add 

flue gas purification systems are much more limited than for bigger plants. The Swedish 

Energimyndigheten’s report claims that the former measure to address emission problems would most 

certainly give a better result and could reduce the emissions with 95%. The biggest saving would be 

on dust emissions (Energimyndigheten, 2003).  

 

Figure 13.  Emissions from individual household furnaces (Gustavsson, 2003) 

 

The substances with the highest emission quantities are in decreasing order methane, organically 

combined carbon (OGC), volatile hydrocarbons and dust. As stated before the result is highly 

dependent on the age of the boiler and if there is an accumulation tank or not. Below Table 2 shows 

the big variations which were discovered in the Swedish study (Energimyndigheten, 2003). 

Methane 18 000-130 000 tons 

OGC 24 000-100 000 tons 

Volatile hydrocarbons 8 000-55 000 tons 

Dust 3 000-61 000 tons 

Table 2. Variations of emissions between boilers with and without accumulation tank attached 

(Energimyndigheten, 2003). 

In Moldova no laws or restrictions exist for small-scale biomass combustion except for the limits on 

carbon dioxide. The market is instead regulated by the policies, guidelines and certifications that 

control the foreign companies selling their products on the Moldovan market. The European 
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Commission has started a preparatory study for what they call eco-design requirements for biomass 

furnaces. This is part of a bigger work under the Ecodesign Directive which will “provide with 

consistent EU-wide rules for improving the environmental performance of energy related products 

(ERPs) through ecodesign” (www.ec.europa.eu). This work has not yet lead to any binding 

requirements and is first of all a means of homogenizing the European market for the environmental 

performance of energy using products. A product can however be marked by the CEN standard. 

Besides this every country has their own regulations and in Sweden you find the Svanen-certification, 

the P-certification for solid fuel furnaces for example. There is one CEN standard for automatically 

fed furnaces and one for manually fed ones in other words saying batch fired and continuously fired 

furnaces. The regulations concern OGC, CO and dust. Energimyndigheten (2003) though argues that 

these should not be separated but should be expected to perform equally well environmentally. Fired at 

the nominal effect this should be expected but looking at the entire combustion process batch fired 

furnaces will have a hard time competing. 

The reason why furnaces emit unhealthy substances and particles is to be found in the combustion 

process. If the combustion is incomplete the emissions will be higher since combustion of organic 

material under perfect conditions in theory only results in water and carbon dioxide. There are two 

ways of solving the problem. Either you modify the source, in this case the combustion process, and 

try to develop the furnaces to optimize the conditions, or either you accept incomplete combustion and 

stop the unhealthy substances to spread by absorbing them in some type of filter e.g. The latter method 

have very few or no existing equipment offered on the market today for furnaces in the size studied. 

But installation, handling and fuel used are also contributing factors. A study carried out by the 

Technical Research Institute of Sweden (SP) shows that using the same type of boiler the emissions 

can vary with a factor of 100 depending on the parameters mentioned above (Energimyndigheten, 

2003). 

2.7 Troubles related to emission from small-scale biomass combustion 
Troubles related to open air is hard to categorize and divide by cause and effect. Troubles can be both 

health problems and less severe troubles such as inconveniences from bad smell. In the outside air the 

emissions from different types of sources are all mixed and their effect can change when in 

combination with other emissions which aggravates the search for links. Few studies have been 

realized aiming at connecting a certain health problem to open air quality. People already carrying a 

respiratory disorder are among the first to be hit by increased air pollutions. These troubles are first of 

all connected to increasing amounts of particles in the outside air (Energimyndigheten, 2003). 

Naturvårdsverket mentions problems with respiratory organs, cardiovascular troubles and cancer as 

consequences for individuals deriving from bad air quality (www.naturvardsverket.se). Personnel at 

the kinder garden in Antoneşti using straw boilers expressed however that they experience no 

discomfort by the smoke from the two boilers (Anatol, 2010). 

2.8 Biomass fuels 
Biomass fuels as a source of energy has a long tradition of heating private buildings and has a strong 

position in this application because of the high availability and low cost. It lost some popularity in 

many countries when the use of the very energy intense, wieldy and cheap fossil fuels increased 

sharply in connection with the industrialization. It is today back as a very important contributor to the 

solution of the global environmental problem. Biomass fuels are renewable and close to carbon 

dioxide neutral.  
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Almost all organic materials could be burnt to convert the chemically stored energy into heat but they 

have different properties making them more or less suitable. Heating value by volume or by weight, 

ash content and water content are examples of properties compared for biomass fuels. Wood fuels are 

by far the most used biomass fuel today and it has had this strong position historically. In Sweden they 

make up 90% of the consumption (www.bioenergiportalen.se). Wood fuels’ properties and behaviour 

in combustion is thus well known and documented and wood boilers today have reached a very high 

technical level. 

2.8.1 Heating value and water content 

The heating value of a fuel is naturally important to consider since it describes the energy amount 

available. The energy value calculated per kg dry substance - called higher heating value – does not 

differ much for different biomass fuels. The 12 most common biomass fuels  all have higher heating 

values between 16.9 and 19.2 MJ/kg (www.bioenergiportalen.se). What makes the materials differ one 

from another is the water content. The water content lowers the heating value since it steals energy to 

the gasification process and can even inhibit the combustion totally if too high (www.novator.se). 

There is a second heating value used called lower heating value which is the higher heating value 

minus the energy bound in the water vapour. It also takes into account the energy lost in the unburnt 

materials (ashes) left after combustion. This value gives a more accurate picture of the heat output 

from a fuel under normal conditions. Normally low water content is ensured by experience of the 

distributor but there is also measuring equipment sold if needed (www.bioenergiportalen.se) (JTI, 

2010). 

2.8.2 Density and lump size 

Density and bulk density are both interesting properties to consider for a solid fuel. Density can be 

measured in a number of ways confusing the term. For the small scale applications studied here these 

small variations are negligible. The bulk density includes cavities in the material and can be changed 

by processing the material. Grot has a much higher bulk density than round-wood but can be chopped 

into chips which could be grinded and pressed into pellets. The bulk density along with the lump size 

of the fuel affects the combustion since it changes the contact area between the fuel and the air and the 

circulation of air and gases in the combustion chamber. Another important aspect to the density is 

transports and storage of the fuel. A low density fuel will be costly to transport and demand bigger 

storage space for the consumer. The lump size also affects how the fuel can be fed to the boiler 

(www.novator.se) (JTI, 2002). 

2.8.3 Ash content and softening temperature  

Ash is the inorganic metallic substances that will not gasify and burn during the combustion. Ashes 

basically contain all the nutrients in the fuel and some non-combusted organic compounds if the 

combustion is incomplete. This means that it is important to restore the ashes to the soil from where 

the fuel was taken in order to avoid maceration. A high percentage of ashes with a softening 

temperature lower than the temperature needed in the combustion chamber could lead to problems. 

The softening temperature depends on the composition of the ashes and will vary for different fuels. 

When the ashes soften, they form lumps or slag that will stick to the inside of the boiler, either directly 

where the fuel lays or it might rise to the conveyors or the chimney. The risk for slag forming from fly 

ash rising with the gases is greater if it gets in contact with cool surfaces in the boiler or further up in 

the chimney. Slag deteriorates the heat transfer and thus the efficiency of the boiler and therefore 

needs to be removed. Slag can also hinder the fuel- and ash feeding mechanism in the boiler (Nilsson 

& Bernesson, 2005) (Bernesson & Nilsson, 2008) 
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2.8.4 Wood 

The properties and quality of wood varies with the part of the tree chosen. The most suitable part for 

combustion is what is called fuel wood and is what most people refer to as normal wood logs from the 

stem. Many nutrients absorbed by the tree are gathered in the tops and in the bark. This makes these 

parts have a greater ash content and a higher amounts of nitrogen which makes them more 

complicated to use as boiler fuels. The water content of bark and harvest residues such as branches and 

treetops is also significantly higher (Bernesson & Nilsson, 2008). Fresh fuel wood has water content 

of 50% and thus needs to be dried to reach the recommended value of 20-25%. The high water content 

of wood requires good storing to avoid lowering of the quality (www.novator.se). If wood is cut by the 

user herself/himself it should be cut in the winter season and the logs should then be stored and dried 

for about one year. A few weeks before firing they should be moved inside if possible 

(www.naturvardsverket.se). The higher heating value for wood is around 19.2 MJ/kg and the lower 

around 13.8 MJ/kg (www.bioenergiportalen.se). 

2.8.5 Straw 

Straw is an agricultural waste product from cultivation of cereal grains and oil plants. To use the vast 

amounts of straw coming from production of maize, wheat, rape, rye and barley in energy production 

has huge environmental and economical benefits. Of the heat energy generated from straw only 

between 4-8% was used during production depending on the calculations and the capacity of the 

production company (Nilsson & Bernesson, 2005). It is clear that using straw for energy is an efficient 

way of using our given resources on this earth. The amount or straw you get from one crop is as for 

any other crop influenced by the weather conditions during growth but also during harvest and can 

thus vary from year to year. Severe drought or other difficult weather conditions could destroy an 

entire harvest which leads to a certain risk for supply disruptions and fuel shortage in the system 

(CAPMU, 2008). Since straw is such a bulky fuel its cost-effectiveness and suitability as a fuel is 

highly dependent on the way it is handled and processed. The handling is also important for the end 

quality of the material. Starting from harvest the straw needs to be gathered, baled or chopped, 

transported and stored.  

Although advantageous from the energy analysis point of view burning of straw entails a number of 

challenges. This is one of the reasons for the low use of straw for energy production in Sweden and the 

reason why it is used mainly in bigger plants such as district heating plants having a larger capacity to 

handle impurities of the fuel.  The most discussed difficulties related to the burning of straw are slag 

caused by the high ash content and low ash softening temperature, the chlorine, potassium and sodium 

causing corrosion and the low density which makes it more difficult to transport and store. The two 

former unfortunately also affect the heating value negatively. The lower heating value for straw is 

either 18.2 or 18.7 MJ/kg according to Bernesson and Nilsson (2005). The first figure is related to 

what is called yellow straw which is straw that has not been left on the field to be washed by the rain 

but still has its yellow colour. The second washed type is called grey straw and has a higher lower 

heating value since the percentage of ash and substances such as chlorine and sulphur are reduced 

from the leaching. Straw almost always has a water content of 15-20%. This percentage needs to be 

kept low in order to keep the straw from moulding when stored. Moulding straw generates heat and if 

the temperature rises over 60℃ the risk for fires is great. Continuous contact with mouldy straw can 

also give you alveolitis; a chest disease caused by inhaling of calcar. It is therefore of great importance 

to ensure low water content of the handled and delivered bales (Nilsson & Bernesson, 2005). 



Klara Hansson, Malin Sundberg  University of Skövde 
and Frida Sundblad  Department of Technology and Society 

 

25 

 

The ash content of straw is in general three to four times bigger than that of fuel wood. The amount of 

ash you get from the combustion of straw fuels as well as its composition can however vary vastly 

depending on a great number of parameters from cultivation, harvesting, processing, storing and 

burning. An easy way to reduce the ash content is, as mentioned above, to let it be leached by natural 

rains before gathering and baling it. This also changes the composition of the ash and thus the 

softening temperature (Nilsson & Bernesson, 2005). Table 3 presents the variations in ash content of 

four common crops used in straw production. 

Crop Ash % 
Softening 

temperature ℃ 

Wheat 6,9 930 

Rape 9,6 1240 

Rye 6,8 1090 

Barley 6,7 900 

 Table 3. Properties of ash from different types of straw (Nilsson & Bernesson, 2005) 

 

2.8.6 Pellets 

Densification of raw materials such as pelleting and briquetting is a good way to increase the heat 

value per volume which gives large advantages for transportation and storing of a fuel. The 

transportation benefits are so high that large plants that use powdered fuel still choose to buy 

briquettes or pellets and then grind them (Bernesson & Nilsson, 2008). Pellets can also, because of 

their standardized dimensions, be used in automatic feeding systems connected to the boiler. This 

makes them popular in private households as a substitution for the convenient and easy-to-use gas and 

oil boilers. A huge advantage with pellets is that it is a manufactured fuel which can thus be made to 

have the appropriate and steady and even properties. Pellets can almost be described as a 

homogeneous fuel. This has allowed the development of very technically precise equipment for pellet 

combustion in this way reducing emissions and increasing efficiency. But it has also made the quality 

of pellets extremely important and large criticism of the wide span in quality in many countries has 

been seen (JTI, 2010).  

The EU has recently developed a proposal for a new standard (CEN/TC 335) to be used among the 

member states. The standard sets out what properties needs to be specified but also the properties 

recommended to specify by the producer. They include origin of raw material, dimensions, ash and 

water content, abrasion resistance, bulk density and chlorine. The standard will help ensure good 

quality products on the European market. 

When discussing the quality of pellets the first thing that should be stated is that the raw material is of 

great importance to the properties of the ready-made pellet so no general pellet set of properties can be 

spoken of. An example of this is shown in Table 4. Wood especially in the form of cheap waste 

materials from the saw and paper industry, such as sawdust and cutter shavings, have been the main 

raw material used for the production of pellets up until today. But as the demand grows and these 

traditional raw materials fail the market have to broaden their view. The new materials coming mainly 

from agriculture products can however result in some complications of quality. Sunflower husk pellets 
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for example contain much higher amounts of ash than the traditional wood pellets. Deviations in pellet 

quality are worse than for other fuels because of the refinement of the pellet boilers making them more 

sensitive. This is especially true for smaller household boilers. Table 4 below indicates a percentage in 

the level of the very discussed and analyzed straw pellets. Several research studies have however been 

made on straw pellets for example in Finland, Germany and Denmark. This has lead to solutions such 

as making straw pellets by mixing it with 1/3 sawdust and using additives such as CaCO3 and 

molasses which helps the binding and reduces the generation of slag (Bernesson & Nilsson, 2008). 

 Energy value 

MJ/kg 

Water content 

% 

Ash content 

% 

Wood pellets 8.9-11.5 5.7-9 0.14-1.88 
1
 

Sunflower 

husk pellets 

17 9 3.2 
2
 

Straw pellets 16.3 8 2.5-5 
3
 

  Table 4. Properties of pellets made from three types of materials  

  1 (Obenberger & Thek, 2003) 

  2 (Edvinas, 2010) 

  3 (Nilsson & Bernesson, 2005) 

 

2.9 Solar thermal energy 

2.9.1 Sun insolation 

All the sun insolation that reaches the earth’s surface is not direct radiation. Due to diffraction and 

spreading within atmosphere the sun beams becomes diffuse. The amount of diffuse sun radiation 

increases with the amount of water vapour, free water drops and other particles in the air stratum. It 

also depends on where on the earth the measurements are made depending on climate, pollutions and 

the angle of incidence. The following is a further explanation of different kinds of sun radiation:  

 Direct sun radiation: Radiation directly from the sun.   

 Diffuse sun radiation: Radiation from reflected and spread light.  

 Total sun radiation: The amount of direct and diffuse radiation.  

 Global radiation: Total sun radiation against the horizontal plane. 

(Sidén, 2008) 

2.9.2 The sun radiations intensity dependency on the angle of incidence 

One of the most important factors that decide the solar fraction, which exists under all different types 

of sun energy use, is the angle of incidence. A general rule is that if the solar collector will be placed 

in the northern hemisphere then the collector should face south and if the collector will be placed in 

the southern hemisphere then the collector should face north (www.apricus.com). The reason for why 

the collectors are angled is dependent on what kind of need there is. If the domestic hot water load is 

big in the summer, for example for summerhouses and campings, then the collectors should be angled 

so they can receive a lot of energy during the summer. If the need is more constant over the year for 

example in residential buildings the collector should be angled so they can receive more energy during 
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the spring and autumn (Andrén, 2007). If an installation is done with a steeper angle the degree of 

efficiency increases for spring and autumn as well as it contributes to the reduction of the risk for 

stagnation of the system in the summer (Lorenz K, 2010). 

The sun insolation varies with cosines for the incidence angle. Figure 14 shows that for angels up to 

25° from the perpendicular insolation the reduction of magnitude is modest, less than 10 %.  

 

Figure 14. (Areskoug, 2006) 

  

For bigger incidence angles the sun insolation decreases fast. This is an important fact to take into 

consideration when planning a solar installation depending on what kind of degree of efficiency the 

collectors should have over the year.  

2.9.3 Regular components of a solar thermal system 

A simple and modern solar thermal system consists out of the solar collector, the accumulation tank 

and the regulating system.  The controlling of the system is done with a control unit that starts up the 

circulation in the system. This happens when the temperature in the solar collectors reaches the same 

temperature as in the accumulation tank where the heat exchangers are connected to the tank. The 

control unit is functioning together with sensors that are placed in different locations in the system to 

give temperature information. Other regular components in a solar thermal system are pumps, heat 

exchangers, expansion vessels, filters and security valves (FORMAS, 2004).  

If the components are dimensioned right in relation to each other and in good relation to the buildings’ 

heat demand the solar fraction to the system can be up to 50% of the total demand of the heat and 

domestic hot water (Lorenz K, 2010).   
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2.10 Flat-plate solar collectors 
Flat-plate solar collectors are the most 

common type of solar thermal collector 

and they have been on the market since 

the 1960: s, mainly in Israel, Australia, 

Japan and the USA. The market and 

production has since then been spread 

all over the world 

(www.solarplusgreen.com). 

A flat-plate solar collector consists of 

an absorber unit, a transparent glass 

cover, a frame and insulation, see 

Figure 15. 

The heart and most important part of the 

collector is the absorber unit. The unit is 

black and is usually composed by 

 several narrow metal strips of aluminium. Attached to the absorber plate is also a heat carrying pipe 

that goes up and down the absorber. Through the heat carrying pipe the heat transfer fluid flows. An 

important property for the heat transfer fluid is that it should have the ability to reversibly evaporate. 

The heat transfer fluid goes in to the collector in the bottom and then runs up and down through the 

heat carrying pipes. When it reaches the outlets the fluid carries the heat energy to the accumulation 

tank where it is transferred by internal or external heat exchangers (www.solarserver.de). 

The transparent glass cover can consist of different types of glass. Today it is most common for high 

quality collectors to use AR(Anti Reflexive)-glass to prevent the sun beams from reflecting out from 

the collector. The frame of the panel usually is made of aluminium and galvanized steel but sometimes 

fibre-reinforced plastic is used. The insulation is a very important component in the collector and the 

thickness of it varies in between 30-50 mm depending on the different manufactures. The insulation 

material usually consist of polyurethane foam or mineral wool but also other mineral fibre insulating 

materials like glass wool, rock wool, glass fibre or fibreglass are used.  

The advantages of installing flat-plate collectors are that they are efficient in warm climates but the 

disadvantage is that they have a high stagnation rate during warm summer days. However, historically 

they have proven themselves efficient and trustworthy when installed. Also there is a lower 

installation cost in comparison to the evacuated tube collectors. Another disadvantage is that they are 

sensitive to low outside temperatures and the degree of efficiency is easily affected by cold climate 

and wind. The mounting possibilities for the flat-plate collector can be either on the roof, built into the 

roof or placed unattached on for example the ground (Andrén, 2007). 

 

 

 

 

Figure 15. Flat-plate solar collector. (www.solarplusgreen.com) 
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2.11 Evacuated tube solar collectors 
Evacuated tube collectors has up until recently been a more expensive way to use the sun energy than 

flat-plate collectors. Over the last few years there has been a change in the market and the prices have 

decreased. This is mainly because of an expanded export from China where the low prices have 

improved their competitiveness over the world (Andrén, 2007). 

There are two different types of evacuated tube 

collectors; constructions with one- or two glasses. 

Inside the vacuum tubes there are mainly two types of 

absorbators that are used, Heat pipe which is a dry 

transmission and U-type which is a wet transmission. 

This report will focus on the Heat pipe construction due 

to its higher degree of efficiency and because they are 

more common on the market, and also because the dry 

transmission allows to exchange individual tubes when 

they are broken or non-functioning without emptying 

the entire system of its heat carrier fluid. The Heat pipe 

collector contains a fluid that can vaporize, even at low 

temperatures. The fluid goes around inside the pipe 

through an internal self circulation. When the fluid 

starts to vaporize the fluid rises up inside the Heat pipe 

and energy will be released as heat, this is shown in 

Figure 16.  

The heat will then be transferred to the solar system through an heat exchange on top of the collector 

and over to the heat carrier fluid and is then transported to the heat storage, normally an accumulation 

tank. After the heat has been transferred the fluid is cooled down and liquefied and returns to the 

bottom of the Heatpipe and the process can start over  (Andrén, 2007).  

The biggest advantage with the Heat pipes is that they generally have a higher degree of efficiency 

than the flat plate collectors. This is due to that the vacuum inside the tubes does not transfer heat to 

the surrounding area and they are not in the same way affected by changes in the outside temperature 

or by wind load. This makes them more efficient in cold climates and as well during cloudy days when 

there is not so much direct solar radiation. They also work better with high absorber temperatures and 

therefore the problem with overheating and stagnation in the collector is diminished 

(www.solarserver.de). They are also more durable for example when a tube has broken it can be easily 

taken out and repaired or replaced with a new one. 

In the issue of mounting possibilities the evacuated tubes requires a smaller area of the roof due to 

their higher efficiency and can as the flat plat collector be placed on the roof but not be built inside of 

it. They can be mounted on the side of the house and also be place independently on the ground 

(www.energymatters.com). 

 

Figure 16. Heat pipe (www.jinyi-solar.com) 
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2.12 Stagnation 
Stagnation in the solar system occurs when the working temperature of the solar collector is too high 

and the heat carrier reaches the temperature of ebullition. This phenomenon occurs in the summer 

when the system is exposed to high temperatures or stands still for long periods of time due to the 

decreased need (Hausner & Fink, 2009). What happens in the system is that the solar collectors are 

exposed to a greater amount of direct sun radiation in comparison to the rest of the year. The heat 

carrier, which usually contains glycol, will start to boil when the fluid reaches its boiling point. This 

can lead to chemical corrosiveness in the form of tar-like substances and intractable salts. These can 

stick onto the inside the absorbers channels and even clog the system and also result in increased 

wearing on valves, flow measuring devices and pumps. Therefore it is very important to choose a heat 

carrier fluid that has the ability to vaporize (Perers B, Lorentz K, Rönnelid M, 2003). 

It is important when designing a solar thermal system that overheating and stagnation has to be 

managed to avoid corrosiveness of the glycol or that other damages occur. There are two major ways 

on how to handle these matters: 

 Partial vaporization: the solar collector is allowed to boil in a controlled way so that only 

steam remains within the collector. Due to the increased pressure the fluid is forced into and 

expansion vessel. The system is re-filled when the temperature in the collector sinks and the 

negative pressure thus sucks the heat carrier back into the system. 

 

 Drain systems: the heat carrier in these systems is water and the whole system is emptied by 

the user when the use of the system is low, for example in the summer. This is a possibility 

but consideration must be taken when installing to minimize the risk of damage caused by 

freezing (Persson, 2008). 

2.13 The degree of efficiency 
The degree of efficiency is defined as the quotient of usable thermal energy versus received solar 

energy. This is measured in percent or in kWh. A solar collector’s degree of efficiency presents the 

amount of applicable heat that the collector can produce under certain circumstances. Construction 

wise the efficiency of the collector is depending on the transmission factor of the glass, the absorber’s 

efficiency and the U-value for the material used on the back and sides of the collector. 

The degree of efficiency can be calculated with the formula:  

                  

 

τ = the transmission factor for the glass 

α = the absorption factor for the absorption surface 

Utot= the total U-value from the front and backside (U=Uf+Ub) 

I= the sun radiation intensity 

Ta=the temperature of the absorption surface 

Tu= the outside temperature 

(Areskoug, 2006) 

For the collector the most important factors are τ, α, Utot and the insulation. There are different 

levels in quality for flat plate solar collectors and they are in the simulation program Polysun 
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divided into three categories, as can be seen below, with different values for the transmission 

and absorption factors.  

 

τ α 

 Inexpensive 0.75 0.90 

 Good 0.85-0.9 0.92 
 Excellent 0.95 0.98 AR - glass 

 

(Lorentz, 2010) 

Another important thing for the degree of efficiency is the working temperature of the collector. The 

degree of efficiency’s relation to the working temperature might seem contradictive but it can be 

described as followed:  

Low inlet temperature – high degree of efficiency – many kWh 

High inlet temperature – lower degree of efficiency – fewer kWh 

Obtaining a constant low working temperature in the collector gives a higher received amount of 

working hours around the year as well as increased degree of efficiency (Andrén, 2007).  

2.14 Accumulation tank 
It brings great advantages if the accumulation tank operates as the base and heart of the system design. 

To obtain a heating system that is flexible, fulfils the environmental criterions, gives a good economy 

and is able to function with other types of energy sources it is essential to use the accumulation tank as 

a base unit. To get maximum input from the sun energy it is necessary to be able to save the heat from 

the time that it is produced to the time when the user wants to make the withdrawal, for example for a 

shower or to do the dishes (Andrén, 2007).  

A daily storage, or short term storage, could be stored as excess heat in the accumulation tank for 2-3 

days, depending on the heat transfer to the storage volume and the amount of heat that is taken out or 

lost. Today newly built houses usually do not take into consideration that a boiler room is needed 

when making the design. For a combined solar system it is very important to make room for a big 

accumulation volume to create the possibility to collect and store as much heat as possible. This will 

increase the degree of efficiency over the year for the system and the solar collectors. Also if not being 

able to store the heat in a sufficient way a greater dependence on electricity for heating will occur 

because the times when the immersion heater needs to be used increases since there is no backup in 

heat. Heating with electricity is expensive and not very sustainable. If there is a need to decrease the 

dependency of electricity for heating and strive towards a bigger flexibility it is important to create 

space for the accumulation tank. If there is not much space for the accumulation tank the system 

design needs to be made in accordance to the smaller volume which leads to that the solar system will 

be smaller and the result is a lower amount of received solar energy over the year (Lorenz K, 2010). 

For the system and the accumulation tank to work as efficient as possible it is important to design it so 

that the stratification in the tank is working very well. The first law of thermodynamics, the 

conservation of energy, states that energy can neither be created nor destroyed. It can only change 

forms (www.physics.suite101.com). A good stratification of temperature, with a cold bottom and 
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warm top of the tank, decreases the heat losses from the tank and increases the degree of efficiency for 

the solar collectors, since as stated above they work better with lower temperatures. It also contributes 

to a higher temperature in the top of the tank which lowers the need of an external heating source.  

The external heating source could be electricity and/or some kind of boiler. During the summer an 

immersion heater is usually used as a complementary heating source because the demand on the boiler 

is during this time of year very low (FORMAS, 2004). The laws of nature of how warm and cold 

medium move implies that the warm medium transferred to the tank raises upwards and the cold 

medium sinks down towards the bottom. To create a good stratification it is important to connect the 

inlets to the tank from the different components in the right way to ensure a constant stratification and 

not block it. This means that the water in the bottom of the tank shall be cooled down to temperatures 

of the ingoing cold water and that the water in the middle part shall have the same temperature as the 

return temperature from the radiators. The temperature from the radiators is usually on 30 - 40 °C and 

for this reason the connection for the return shall be in the middle of the tank to improve the 

stratification (Persson, 2008). The top of the tank is the warmest part with the inlet from the boiler. It 

can also be connected to the solar collectors and heat will be transferred there through a three-way-

valve or bivalent shunt when the collectors for some periods during the year work with higher 

temperatures. If the solar collectors also work winter time to pre heat the inlet cold water the system 

obtains a considerably better degree of efficiency over the year (Andrén, 2007). 

There are different ways to exchange heat to the accumulation tank. There is the old standard “the sun 

accumulation tank” that is designed with the heat transfer from the sun energy at the bottom part of the 

tank and the output for domestic hot water in the top with one heat exchanger. This is shown to the 

right in Figure 17. Another more efficient 

technique is to have the outgoing domestic 

water to travel through two gilled pipes, 

one in the bottom part and one in the top. 

This is effective because it contributes to 

the stratification in the tank due to that the 

cold water is heated during two steps. This 

is shown to the left in Figure 17. The first 

pre-heating exchanger heats the cold water 

up to 20 - 30 °C and the second one heat 

the water from 20 – 30 °C up to 50 °C. 

Studies have shown that more energy is 

saved if the pre-heating exchanger is 

placed near the bottom of the tank and in 

the same height as the sun heat exchanger. 

The reason for the increased amount of 

saved energy is that the pre-heating 

exchangers’ works with a smaller volume 

and are therefore quicker to cool down the 

tank where the sun heat exchanger is.  

 

Figure 17. Example of internal heat exchangers (FORMAS, 

2004). 
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To prevent mixing, decreasing the ∆T that is 

processed will lower the risk of the tank 

getting mixed and the stratification 

destroyed. External heat exchangers make 

the heat transfers from outside of the tank, as 

shown in Figure 18. This process is very 

effective for the stratification because the 

returning temperatures from the external 

heat exchangers are often low. 

Measurements and calculations show that 

the increased energy saving is over 15% in 

comparison to the traditional method with 

gilled pipes (FORMAS, 2004).  

Another thing to consider is the insulation of 

the tank. If the insulation is good the heat 

losses naturally are reduced. To get a good 

insulation there needs to be an airtight layer 

over the whole insulation and as well tight 

areas around connecting pipes in and out of 

the tank. 

Unwanted self-circulation of the system in connecting pipes cool down and mix the water inside the 

accumulation tank. This is prevented with non-return valves that are placed strategically on different 

locations in the system (Andrén, 2007).   

Figure 18. Example of external heat exchangers 

(FORMAS, 2004). 
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3. Method 
This is an academic report based on existing research and reports from previously implemented 

projects, both in Sweden and Moldova. Before the main frames were set for the project all group 

members took part of the same information in an effort to initially start from a homogenous basic 

knowledge.  

A requirements list is created from theoretical engineering methods for problem solving and product 

development. It is essential to visualize and list what functions and properties the end product must or 

must not have to reach the goal set by the stakeholder.  The requirements list is done early in the 

process as a tool to define goals and sub goals. The method used is based on the one found in the book 

Engineering Design - A systematic approach (Pahl, Beitz, Wallace, & Blessing, 2007). 

According to this method general tendencies and market demands are mapped and following a 

schedule these will be narrowed down resulting in a final list of requirements and demands for the 

specific client and producer. Defining the client for this project mainly means deciding whether the 

project is only aimed at one specific house or should be applicable to a general Moldovan household. 

To get the biggest impact possible the latter is used as a starting-point-of-view. 

Finding the needs of Borlänge Energi AB and Peace&Love Foundation was a timely process that in 

the end resulted in an understanding of how very few specific demands there were. The 

stakeholders/producers have no concrete requirements and only a few all-embracing wishes, e.g. 

environmental sustainability. To find and list potential demands and wishes for the above chosen 

client was rather hard to conduct. Being new to a country means not being familiar with the internal 

circumstances which result in a somewhat diffuse decision basis. Information from the stakeholders is 

also delivered at different stages throughout the project which changes the demand of the end 

product. With this background, little information meeting the theoretical model exists and therefore 

has to be searched elsewhere. Demands and wishes are thus based on: 

 The most interesting from an academic point of view, since this is a report serving as the base 

for a Bachelor Degree 

 Swedish standards, since they internationally are recognized as highly set 

 Relevance to be seen in a long term interval where the project should work as a modern 

example. 

The active Moldovans in Lozova and the Swedish stakeholders express their ideas of how the interior 

of the house will be used, and from these ideas a case is drawn. 

3.1 References 

References used for this report are literature, interviews and study visits. The theoretical knowledge 

found in literature serves as a good base complemented by up-to-date and region specific facts. The 

latter are more easily gathered from interviews and study visits at already implemented and running 

project sites. The three are thus chosen since they provide a complete picture. Valuable business 

contacts both in Sweden and Moldova within different companies forms a platform of expertise to use 

as a support in the later stages of the project. 
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3.1.1 Interviews and study visits 

Interviews were conducted without being based on a specific theory thus ranging from well prepared 

meetings to informal conversations. The data gathered included mostly local figures and prerequisites, 

where an important aspect was to understand the Moldovan attitude towards RES and heat 

conservative buildings. The interviews have sometimes also opened up for visual and physical contact 

with studied technology and thereby deepened the understanding. The language used was either 

English or Moldovan to English using a translator.  

3.1.2 Literature 

The technical knowledge was mainly based on Swedish literature and research. Sweden’s prominent 

position in the area of renewable energy and the stakeholders’ wish to show Swedish technology made 

this a suitable base for the project. Information about Moldovan circumstances was gathered using 

international organizations’ reports and analyses. Having a neutral perspective they provide 

comprehensive overall analyses well suitable for a five months project.   

3.2 Analysis methods 

3.2.1 Brainstorming 

To be able to gather ideas and wishes of the stakeholders several brainstorming sessions are 

conducted. It is not always necessary for everyone involved to gather, but meetings are instead 

undertaken at different places and results shared afterwards. 

3.2.2 Software/Polysun  

Polysun is a program designed by Velasolaris. It is a program that is used to make simulations for 

solar thermal systems. The program is designed so the users work by five steps: 

1. Selecting worldwide weather data 

2. Defining the hydraulic scheme 

3. Defining the consumers 

4. Dimensioning of the system 

5. Result evaluation 

When these five steps have been done the simulation is made and the results are presented. The 

program is used a lot on the European market but is still in the upstart face in Sweden 

(www.velasolaris.com). To further strengthen the reliability of the project results Polysun was used in 

this project to do simulations of the building, the waterborne heating system and the domestic hot 

water system. 

In an intention to demonstrate and test two different levels of techniques of the system solution two 

different cases are designed and simulated in Polysun. The cases are designed so that one is a more 

simplified and standardized system and the other one a more advanced and developed system. The 

result from these simulations lies as ground for the decision of the final system which is presented 

under result and both the systems are discussed and argued for in the final analysis. 
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3.2.3 Matrixes 

To compile and handle large amounts of information a theoretical tool is very useful.  For this purpose 

a conceptual matrix is chosen. It permits its user to combine exact technical values with more abstract 

human attitudes and opinions. Conceptual matrixes translate advantages and disadvantages into 

numerical values allowing the writer and reader to make more objective choices in product 

development or the like. Where the matrixes are used as a support they are combined with deep and 

broad knowledge of the subject. They are therefore presented in their most simple form.  
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4. Process 

4.2 The construction and heating situation today in Lozova 

In Lozova most of the houses are built out of lime stone since it is cheaper than cement. The houses 

are not well insulated due to high costs for insulation material. Mister Stefan Manic who is the 

manager of the researching council in Lozova says that this leads to 50% heat losses because the heat 

disappears through the walls and the roof. The most common mentality is that it does not matter what 

kind of primary energy that is used, the only importance is that the heat stays inside the house when it 

has been created.  

The houses are heated in different ways but the most common methods are using wood with the 

traditional soba. A soba is usually integrated with the wall and generates heat on both sides as a direct 

operating heating source. They are usually fired with wood but can also be used with coal or be 

connected to a gas transmission. Gas and coal are both used but it is far more expensive.  Other types 

of material that are used to produce heat in Lozova are different kinds of agricultural waste and saw 

dust.  The knowledge about how to heat in an efficient and effective way is not so widely spread, 

mainly because the techniques and hearths used are old and not fuel efficient. 

Lozova is connected with the national gas grid and the pipe line goes 30 km between Chişinău and the 

village. Rodica Jardan (Schoolteacher and involved in ACTIV) says that the citizens of Lozova have 

the opportunity to connect themselves to this pipe but there is a big installation fee to get the gas to 

your house and there is also a additional fee for drawing all the pipes within the house. The installation 

is very expensive and not many households in Lozova can afford it. The ones that do afford it often 

have a relative or relatives that are working abroad and who earn money to the household.  The 

systems that are installed are direct affecting and the use of accumulation tanks is insignificant. For the 

citizens the opinion about using gas for heating is that they think that it is cleaner for the inside of the 

house and does not need very much maintenance. Environmental aspects are for the average citizen 

not taken into consideration, mostly because the economic situation is so hard for many of the citizens 

or because the lack of information.   

4.3 Choosing biomass boiler 
When answering the question “What type of boiler should be used in the Youth Centre?” the 

requirement specification document was used as a starting point. All the requirements are not possible 

to meet or analyze within this project due to their vastness. Focus has been on the following key 

factors:  

 Fuel 

The fuels are analyzed and compared on the following areas: sustainability, environmentally 
friendliness, environmentally sustainability, price and storage space needed. The boilers fuel 

flexibility is estimated.  

 Handling 

The boilers’ maintenance requirements, both everyday maintenance and handling and 
repairs, service and cleaning is considered. The boilers’ sensitivity to human operation and 

thus need for knowhow is also investigated.   

 Flexibility in output 

 Spare parts and service availability 

 Nominal efficiency  

 Safety 
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This chapter of the report starts by mapping the fuel assets in the region, and continues with discussing 

and comparing their properties. Having a clear view of the fuels available the analysis of the boilers 

follows. 

The biomass boiler for the Youth Centre will be used as a complementing energy source used only in 

winter time when the performance of the solar collectors is low. The average heat requirement for the 

building for the colder winter months is 1500-1900 kWh. This means 5400-6840 MJ or around 1350-

1710 MJ per week, see Appendix 5. 

4.4 Biomass fuels available in Moldova 
The technical potential for biomass in Moldova is estimated by EBRD to be very big, see Appendix 2. 

The potential lies much more in agricultural products and wastes than in the forest. In 2007 the land 

covered by forest was almost as big as land used for permanent crops. However, the figure showing 

total arable land is about six times the one of permanent crops which means more than 50% of 

Moldova’s area and also shows that there is a high potential to expand the agricultural production in 

the country (Timofte & Brega, 2009). Sweden has an almost reversed relation between arable land and 

forest land. The forest in Sweden covers more than 50% of the total land area (www.slu.se). The 

biomass assets in Moldova are expected to add up to 70% of the total amount of RES used by the end 

of 2010. Previously their contribution has been very low for example wood and wood wastes only 

accounted for 2.67% of the total energy consumption in 2007. A study made by the Academy of 

Science of Moldova shows that biomass could produce 0.5 million toe (ton of oil equivalent) or 21% 

of 2007’s energy consumption (Timofte & Brega, 2009). Much research is made on how to use the 

domestic biomass assets in the production of liquid biofuels and biogas thereby spreading and 

expanding their applications (Timofte & Brega, 2009). In Moldova biomass fuels are mainly used in 

rural areas not connected to central heating facilities and where household income is often low. These 

households use mostly wood or coal but wastes such as maize stalks and parts of corn, twigs from 

wines and stalks from sunflowers also occur occasionally (Kjellberg, 2010). The market for refined 

biomass fuels is very small and young since not many households can afford these types of fuels. No 

plants bigger than 500 kW use biomass and this also keep the demand and supply low 

(www.ebrdrenewables.com). Information about companies and producers is hard to find, many 

companies are not listed in the yellow pages, do not have a proper website and when one exists it is 

often not clear if the information is up to date. Thus the market is not well functioning yet which 

requires a certain level of engagement from potential customers. 

A compilation of the properties of the most commonly used fuels for household heating alongside the 

most available biomass fuels in Moldova has been presented in Table 5. The properties discussed in 

the theory section are shown and the value specific for Moldova is used when available. 
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Properties for differerent biomass fuels

Coal Natural gas Fuel wood Moldovan straw bales Wood pellets Sunflower husk pellets2 Maize cobs8

Price MDL/ton 24503 2715 (MDL/m3)1 818-10003 3401 15003 1110 -

Bulk density kg/m3 DS 8504 - 550-6006 60-801 >500 - -

Lower heat value MJ/kg - - 13,85 14,4-154 16,85 17,14 16,15

Higher heat value MJ/kg 274 1000 (kWh/m3)4 19,25 16,924 19,25 20,37 17,46

Water content % 104 - 255 15-204 115 8,8 7,5

Ash content % 7-154 04 15 2,5-54 1,55 3,2 2,4

Ash melting point 11504
- 12005 800-10004 12005 - -

Hydrogen % 3,54 244 6,27 5-5,24 6,27 - 6,19

Chlorine % 0,084
- 0,017 0,75-0,24 0,017 0,1 0,213

Nitrogen % 14 0,94 0,17 0,35-0,414 0,17 0,71 0,63

Sulfur % 0,84 04 0,037 0,16-0,134 0,017
0,15 0,08  

      Table 5. Compilation of fuel properties 
1
 (CAPMU, 2008)

 

2
 (Edvinas, 2010)

 

3
 (Echipa A. , 2010) 

4
 (Nilsson & Bernesson, 2005) 

5
 (www.bioenergiportalen.se) 

6
 (www.novator.se) 

7
 (Bernesson & Nilsson, 2008) 

8
 (www.ecn.nl) 

4.4.1 Wood 

The forest assets in Moldova cover about 10.7% of Moldova’s 33 843 km
2 

which is far below the 

European average
 
of 29%. The absolute majority of the trees are broad leaved species such as oak, 

beech and maple. One third of it is protected as a means for addressing the problem of land 

degradation and soil erosion in the country. The quality of domestic agricultural land is very important 

since it is one of Moldova’s biggest income generators (Rotaru, 2010). The main part of the country’s 

forestland, named Codru, covers the central part of the country where also Lozova is situated. Part of 

these lands consists of a natural protected area. Moldsilva is the state forestry agency responsible for 

the management of the forestlands. They manage about 87% of all forestland and have strong skills in 

monitoring and organizing the protection programs for the forest according to “forest threats” 

(www.fao.org) EU has launched a special program for the preservation and protection of the Codru 

area. Some say that the forest situation is unsatisfying and that much needs to be done. The problem is 

described as a result of lack of proper maintenance and illegal logging (www.enpi-info.eu). EBRD 

though claim that fuel wood is the second biggest biomass asset in Moldova making up a potential of 

4.3 PJ or 94000 m
3
 annually (www.ebrdrenewables.com). Table 6 shows the high energy content of 

the most common tree species in Moldova. It can be noted that oak and beech have a very good 

heating value per cubic meter.  

 

Kind of wood Higher heating value MJ/kg Density of dry substance kg/m3 

Birch 17.41-19.13 490 

Ash 18.5 350-500 

Oak 18.4 550-600 

Beech 18.4 575-625 
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Pine 18.71-19.29 410 

Table 6. The higher heating values for some of the common kinds of wood in Moldova. 

 

4.4.2 Straw 

Maize and wheat are two of the three most cultivated crops in Moldova together produced in quantities 

of around 1400 tons per year (www.ebrdrenewables.com). One of the most significant projects 

realized in Moldova in the area of bio energy was done on the use of straw as an energy source. The 

project was conducted by the World Bank and was called Renewable Energy from Agricultural Waste 

(CAPMU, 2008). It consisted of three parts: 

 Installation of eleven straw combustion demonstration units 

 Spreading of information and awareness of the subject to break down mental barriers towards 

bio energy existing in the country  

 Biomass production and fuel cycle support  

This project has opened up many doors for the use of straw as a fuel. A well functioning supply chain 

for straw bales has been created by the distribution of know-how and machinery to farmers in order to 

help them start up the production. In the first heating season 1500 tons of baled straw was delivered by 

the eight producers presented in Figure 19. Due to high costs the project chose to purchase baling 

machines for small bales. The small bales have the dimensions 100*50*50 cm and are the only 

existing bale-type on the Moldovan market today. They weigh 15-20 kg which means that they have a 

density of 60-80 kg/m
3
 (CAPMU, 2008).  

As presented before there are many parameters 

affecting the quality of straw for fuel purposes. In 

Moldova there are many straw bale producing 

companies and the quality of the straw varies 

greatly which can lead to trouble for the 

consumer. Knowing good quality and signing 

clear and explicit deals with the dealers will help 

ensure good quality for the consumer. Mr Cicati 

at the Moldovan Passat licensed company Gros & 

Co. International claims that Moldovans 

distinguish good quality straw visually (Cicati, 

2010).   

The price for straw has gone up in Moldova since 

the introduction of the boilers in the REAW 

project. Price fluctuations in a new market are 

however expected and prices may continue to 

change. Since gas prices have shown high 

increases the renewable and domestically 

produced fuel is still economically preferable 

(CAPMU, 2008).  

Figure 19. The pink dots represent 

straw bale distributors in Moldova 

(CAPMU 2008) 
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4.4.3 Pellets 

Two or more producers of pellets exist in Moldova today. Very few households seem to use pellets 

and pellet boilers and the information on pellet producers is scattered and ambiguous. Many 

reputations on upcoming production circulate (Cicati, 2010). Baltmopellets SRL is situated in 

Nisporeni about 30 km from Lozova. This company produces pellets form sunflower husks and have a 

capacity of 1.2 tons per hour. Today all their production is exported to Poland for use in industrial 

scale plants (Edvinas, 2010). The neighboring country Ukraine has a mushrooming pellet market 

producing pellets from alternative raw materials such as sunflower husks, straw and peat 

(www.pelletsbase.com). 

Moldova being relatively new to pellets has no standards of its own to be followed so quality 

assurance has to be negotiated directly with the customer (Edvinas, 2010). 

Small-scale pellet production is costly and requires high capital investment and cheap raw materials to 

be profitable. Pelleting of cheap agricultural and forestry waste materials however requires deeper 

know-how, more experience and more advanced technique to achieve acceptable results when 

(Bernesson & Nilsson, 2008). This makes the utilization of agricultural waste products for pellet 

production in Moldova a more prospective option since the lack of financial resources and personnel 

with good experience in the area of biomass is currently big. Several businessmen in the RES sector 

have mentioned plans to start up pellet manufacturing to fill a recognized need. The UNDP is today 

working with a feasibility study on wood pellet production from the sawdust waste from a lumber 

factory in the south of Moldova (Brinza, 2010). 

4.5 Building construction 
The size of different elements of a building is of obvious importance to give an idea of how much 

energy will be used. A case is therefore created to meet the visions of Peace&Love Foundation, the 

active persons within youth activities and the young citizens in Lozova. Both Moldovans and Swedes 

express their ideas of how the interior of the house will be used, and from these ideas a case is drawn. 

The brainstorming sessions are done at several occasions to provide enough time for a discussion of 

accepting or rejecting different ideas. The final decision of size and measurements are based on what 

activities that will most likely be performed at the Centre. A building in two floors with a kitchen, a 

café area, a lounge, several smaller rooms, an office, WCs and showers is drawn up as a sketch and 

measurements for further calculations are based on this sketch. The final figures are: 

Youth Centre 

250 m
2
 on two floors, ground floor 150 m

2
 

Roof 172 m
2
 

Walls 205 m
2
 

Windows 45 m
2
 

Doors 6 m
2
  

4.5.1 The three scenarios 

To give an idea of what different materials and methods for construction that could be successfully 

used in Moldova, three different scenarios are introduced and compared. The theory of heat transfer 

and material properties opens up for the idea of comparing the construction of the five sections of a 

building with the material used in each of them. These comparisons will present three scenarios of 
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how much energy each house type normally uses during a year. Knowing this is crucial for the project 

since there is a need for understanding how much energy the building will use to be able to present a 

correct dimensioning of solar panels and biomass boiler. Considering what materials are used today in 

both Moldovan and Swedish countryside houses, and what material could be found and used in 

Moldova in the future, the three types are selected. To facilitate comparison all values used are the 

standard ones for each type of house: Swedish standard materials and components are chosen for the 

so called “Swedish” building, Moldovan standards for the “Moldovan” house and European standards 

for the “Straw” house. The U-values for the five main sectors of each building; roof, walls, floor, 

windows and doors, are based on catalogues, tables and reports.  

An interesting notice is that walls as a section have a great possibility to undergo a change in materials 

since there are many options to be considered. Some of these are even cheaper than what is used today 

in Moldova. The idea is to introduce other materials than the most common and give older materials a 

revival if combined with new techniques. Could the youth themselves be involved in the construction 

work it would probably create a stronger bond to the project and be a way of ensuring its continuity. 

Interaction in that way would require good guidance from professionals but also the use of materials 

which are not too difficult or dangerous to handle for a non-professional. Since the strife in Moldova is 

to become more self-sufficient the importance of finding construction materials with good qualities 

inside the country is a priority. The three types of house construction can be summarized as in Table 7, 

presenting the annual energy usage in kWh and kWh/m
2
 for each scenario and as in Table 8, 

presenting the construction techniques. 

 

  Sweden Moldova Straw bale 

U roof 0,13 0,50 0,12 

U wall 0,18 0,80 0,14 

U floor 0,15 0,35 0,20 

U window 1,30 1,50 0,80 

U door 1,30 1,50 0,90 

U house [W/m2K] 0,26 0,66 0,21 

A climate shell [m2] 578,20 578,20 578,20 

HDH [h] 60912,00 60912,00 60912,00 

Q house [kWh] 9006,25 23086,29 7345,62 

DHW [kWh] 7000,00 7000,00 7000,00 

Q house + DHW [kWh] 16006,25 30086,29 14345,62 

Q house per m2 [kWh/m2] 27,68 52,03 24,81 

Table 7. The annual energy usage based on U-value, area and HDD, with the domestic hot water load set 

to 7000 kWh in all scenarios, see “The load of domestic hot water”. For HDH figures see Appendix 4. 

(Amazon Nails 2001) (Boverket 2009) (www.degreedays.net) (Jardan 2010). 
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  Sweden Moldova Straw bale 

Roof 500 mm mineral wool 

between ceiling and attic, 

wooden framework with 

tiles on top of cover sheet.  

Adobe bricks put on top of 

the ceiling. Wooden 

framework with metal-, 

asbestos- or concrete sheets 

as outer cover. Not well 

insulated. 

Tiles, chips or straw put on a 

wooden framework with bales 

as insulation. 

Wall Wood panel, air, wind 

barrier, 300 mm mineral 

wool, vapour barrier, 

gypsum board.  

Plaster on both sides of lime 

stone. Sometimes with one 

layer of Styrofoam, either on 

in- or outside. 

Straw bales locked down with 

bars or inside wooden 

framework. Plastered with a 

mixture of sand, straw and 

horse manure. Bales raised 

from ground level via stone 

foundation to avoid dampness.  

Foundation 

and floor 

Slab ground insulated 

below with 400 mm 

Styrofoam and covered 

with wooden framework, 

insulation and planks. 

Stamped dirt, wooden floor 

boarding.  

Straw bales on gravel, covered 

with either plaster or boards.  

Table 8. The construction techniques of the tree scenarios (Abel & Elmroth, 2008) (Hemgren 1998) (Jardan 

2010) (Amazon Nails 2001). 

4.5.2 The five sections 

4.5.2.1 Roof 

The most common roof solution for small houses in Europe is a layered structure of wood planks 

covered with paper boards clad with asphalt under an outer cover of roofing-tiles made from doby, 

concrete, shingle, metal etc. The insulation is either placed directly under the wood planks or on top of 

the ceiling, depending on the intended usage of the attic, see Figure 20.   

 

Figure 21. Cross section of sedum 

roof  (www.gomaya.com). 
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In Moldova a common component is sheets containing asbestos which when torn down emits 

unhealthful particles that can enter the human body and increases the risk for cancer. Asbestos has 

been banned in most European countries and substitutes such as fibre cement are on the market.  

An option is to install organic roofs, also known as green roofs, with grass or sedum placed on 3-15 

cm of earth and/or turf on a water resistant layer, see Figure 21. A layer of either water retaining or 

draining material might be needed depending on the angle of the roof. It is usually easier to have a low 

angel since this lowers the risk for sliding and erosion. These types do not only offer an ecologically 

sustainable alternative but is also a way of handling the problem with stormwater, air pollution and 

oxygenation. A 150 m
2
 roof of sedum creates as much oxygen as used by 100 persons. It is also an 

extra layer of insulation which lowers the heat transfer of the house body (Ottosson, 1993). 

Combining a green roof with solar panels could from an ecological point of view be both an attractive 

and a smart roof design because of the obtuse-angled construction, see Figure 22. The solar panels, 

facing south, need an angel of 60-70° to perform at maximum throughout the year, see discussion 

under “Solar thermal energy”, and the green roof, facing north, benefits from a low angle as stated 

above.  

 

4.5.2.2 Wall  

The wall including windows and doors is the section which looses the most energy via thermal 

transfer. To have a properly made wall with good insulation is therefore preferable both from an 

ecologic and an economic view. In Europe the use of layers to control the thermal flow has been 

developed during the last decades, see Figure 23. The layers all have a specific purpose with the 

overall  intention of creating a harmonized unit performing well in any weather conditions. 

Figure 20. Cross section of sloping roof 

(Swedisol 2009) 

Figure 22. Cardinal directions in relation to placement of building and function of roof 

Figure 23. The layers of a timber clad wall and floor 

(Jokiniemi 2008). 
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Wind and water are two of the factors that need to be controlled. Vapour in the warm indoor air moves 

outwards through the wall due to diffusion. As the wall becomes colder a higher amount of the vapour 

reaches its point of condensation and thus condensates inside the wall, creating problems with 

moisture and mould. To avoid this problem a vapour barrier is mounted on the inside of the wall 

(Hemgren, 1998). Its counterpart on the outside is the wind barrier which keeps the airflow through 

the wall at a minimum. The insulation is placed in between these two layers for a maximized 

performance. The less movement of air within the insulation the better, as above stated. There exists a 

wide variety of materials to be used, some more beneficial for the environment than others. There is an 

ongoing debate about the usage of for example mineral wool which is a material that uses a lot of 

energy when produced but also has a long life span. The initial cost for the environment is claimed to 

be outweighed by the great performance during the usage, lowering the energy consumption of a 

building substantially (Swedisol, 2009). The outer layer of the wall stops both wind and rain from 

entering and needs to be a fire safe material. There is a great variety of materials to be used: Wood, 

stone, lime plaster etc. The visual appearance of a building is not only dependent of the architecture 

but also of the materials shown in the outer layers, and extra consideration should be taken regarding 

this when choosing material.  

When using a non-layered material such as stone, bricks or lightweight concrete, the construction is 

somewhat simplified. In older constructions this one material provides for all the above mentioned 

functions. Today the use of sandwich-elements is increasing as a way of meeting the need for 

insulation, having heavy materials in the outer layers and an insulating lighter material in the middle. 

Remembering that a dense material transfers heat more easily this is a way of stopping the energy flow 

by inserting a light material. Research has shown that light and heavy structures perform almost 

equally regarding energy losses. The light structure with its lower U-value is often assumed to 

consume less energy. The heavy structure with its heat storing capacity has however the benefit of 

being able to stabilize the indoor climate, thus needing less energy input. The most energy conserving 

wall would thus theoretically be one that combines light and heavy materials in a strategic way 

(Adalberth, 1998). 

4.5.2.3 Windows and doors 

The installation of windows and doors with low U-values is in Sweden opted for as the first measure 

to be taken when renovating a building to make it more energy efficient. If older components with U-

values of 3.0-4.0 W/m
2
K are replaced with new units providing U-values of 1.0-0.7 W/m

2
K 

substantial reductions are made in the buildings total energy consumption. Of course this also applies 

to new constructions; any installation of windows or doors with a U-value higher than 1.5 W/m
2
K is 

hard to defend (Abel & Elmroth, 2008). 

4.5.2.4 Foundation and floor 

The type of foundation not only needs to be adjusted to the weight of the structure but also to the level 

of ground water and the type of soil. This is to avoid problems with dampness inside the construction 

which inevitably will lead to problems indoors. Depending on the soil type water will more or less 

easily be transported away from the foundation. The larger the particles are in the soil the better is the 

transportation downwards. If the soil is of a clay type and compact, as in Moldova, the result is often 

the opposite since the capillary action will bring the water upwards towards the foundation. The 

ground due to being cold and having a constant infusion has a relative humidity of 100%. This means 

that the ground will never be able to absorb any extra humidity from the foundation and transport it 

elsewhere via vaporization, but only via drainage when the water is in a liquid phase. 
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The base of the foundation can either be of fixed, supported or floating type, see Figure 24. A fixed 

foundation is built on the underlying firm bottom; Rock, gravel, compact soil, which will not move. 

Earth is excavated to reach this bottom. A supported foundation has poles or plinths which are 

anchored in the firm bottom to provide stable points of attachment for the bearing structure. A floating 

foundation, slab on the ground, has no connection to the firm bottom and is used on firmer grounds; 

Clay, fine sand, silt, sludge, and will follow the movements of the ground (Hemgren, 1998). 

 

Figure 24. Types of foundation; Fixed, supported and floating (Hemgren 1998) 

The indoor floor built on the foundation has a floor covering; wood, linoleum, stone, and below that 

insulation; Mineral wool, adobe bricks, cutter shavings, counter-floor, to keep a comfortable 

temperature (Björkholm & Linqvist, 1996). An older option is to have a stamped earth floor, where the 

insulation is the ground itself since it retains heat quite efficiently. If covered with a plaster made of 

fine sand or silt mixed with manure and water, this layer can be maintained simply by using the same 

mixture, only more wet, to wipe the floor on a continuous basis (Benson & Rosow, 2009). 

4.5.3 Ventilation 

Ventilation is responsible for the single largest energy transport from the house, 15% in total, but 

compared to the rest of the losses via the climate shell it represents a relatively small part. Forced 

ventilation via a FTX-heat pump is a good alternative in an air tight construction, but the pump is 

expensive and needs maintenance. Hence, it might not be the best choice in a place where neither 

spare parts nor educated personnel is easily available. The other option is to make a construction with 

controlled natural draught. This will not be as energy efficient since the heat from the air will not be 

reused, but it requires no electricity and needs less maintenance. This is also backed up by the fact that 

to get a high performance from a heat pump it needs to be perfectly adjusted which is hard to do for a 

layman (Bokalders & Block, 2009). 

In the villages of Moldova most houses have no controlled ventilation which creates a very stale air 

inside. The belief is still strong that draught causes illness, and therefore doors and windows are kept 

shut not giving way for any more ventilation than the uncontrolled natural draught (Jardan, 2010).   

4.5.4 Ecological constructions 

What values put into the words “ecological construction” varies a lot throughout the building sector. 

The overall view could be summarized by stating that: 

 All construction work implies an interference with nature 

 All interference should be minimized 

 Surrounding nature is a resource, not something that should be conquered 

 Integration with nature will create a better ecological balance for the society 

 (Björkholm & Linqvist, 1996) 
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The last decades focus has been on building homes that will require as little energy input as possible. 

By making more exact calculations for each specific building taking the adjacent surrounding and 

climate into consideration, and by building airtight, well insulated constructions, this is an already 

existing reality. New software such as BV
2
, VIP+ and IsoverEnergi  (Berg S. , 2008) have been 

developed as a tool in the strife for better results. The next step is to try to combine this with a use of 

more ecologically sustainable materials, looking at clay, straw, hemp, agricultural waste etc 

(Adalberth, 1998). 

There are a lot of myths and misunderstandings about both newer and older materials and their 

properties, something that often is a hinder when a layman is trying to choose material wisely. 

Remembering that houses have a lifetime of over 50 years, the importance of building energy efficient 

houses is even more obvious. The initial cost for the environment brought about by the manufacturing 

and transport of building materials should not be seen as the highest environmental cost. In reality 

most energy, 85%, is consumed during the usage of the building, see Table 8. Ideally the use of energy 

efficient and locally produced materials can be combined with lowered user consumption of energy 

(Adalberth, 1998).   

  kWh/(m
2
·50yrs) Percent 

Production 730 10 

Transport 30 0 

Construction 50 1 

Usage (heating, ventilation, domestic 

hot water, household- and facility 

electricity) 
6400 85 

Renovation: Production 330 4 

Renovation: Transports <10 0 

Processes when demolishing <10 0 

Transports 20 0 

Total 7580 100 

 

Table 8. Example of the total energy usage for a small house built according to the Swedish BBR94 energy 

efficiency standards (Adalberth, 1998).  

4.5.5 Material 

The materials listed in the scenarios above are mostly well-known, with the exception for straw. In 

Sweden, a country with an abundance of trees, the most logic choice is to build with timber and wood. 

Together with new windows and thick insulation most new buildings have a U-value below 0.3 

W/m
2
K and can withstand the Nordic climate well (Berg S. , 2008).  In Moldova however only 10% of 

the land is covered by trees and the most commonly used material is instead lime stone, which can be 

mined from the foothills of the Carpathian Mountains. Building in stone without double walls or 

insulation material creates extremely energy consuming houses in a country with almost no internal 

energy sources. Moldova is a land highly dependent on agriculture and a lot of waste is created in this 

sector. Should this waste be used in a more clever way the country could lower both its energy 

dependence and create a new internal market for building materials and fuel (Jardan, 2010). 
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4.5.5.1 Straw 

One material which deserves more attention is straw. Since in Moldova it exists in abundance it would 

be a good idea to try to incorporate it into more sectors than just agriculture. As an organic material 

which has been used during the last hundred years in modern constructions, straw has proven to be an 

environmental friendly and sustainable material with good thermal advantages. The first straw bale 

houses were erected in the USA when pioneers moving west did not have any wood to use for building 

construction. The new machines for baling presented them with another option. By stacking the bales 

and creating a load-bearing wall construction that supported the roof not even wooden beams were 

needed. When realizing that this construction withstood the cold winter climate well and provided a 

comfortable indoor climate year round, the use of straw bales as building material started spreading. 

During the 20
th

 century a lot of the knowledge was forgotten since many new materials were 

introduced on the market and were welcomed as better options. However, with the green movement 

rising in the 70’s the idea gained new momentum and the last decades houses have been built 

throughout the world based on this easy-to-build concept. 

The basic idea is to stack bales either as a load-bearing 

structure of its own, or with integrated beams and bars as 

seen in Figure 25. The second option is preferable when 

building two-storey houses. Built on a foundation of stone 

or concrete, this light structure will lower the risk for 

settlings and does not need a very deeply grounded 

foundation. The walls are compacted, vertically evened out 

and daubed or smeared with a mixture of straw, sand, 

water and manure to provide a wind-, water- and fire-safe 

layer (Amazon Nails, 2001). Horse manure is preferable 

since it contains mucus providing a more water repellent 

surface. The inflammability of the material is low since 

fire needs fuel, heat and oxygen to grow. The oxygen is 

close to eliminated due to the compressed structure, giving 

straw bales a classification of F90 which means they can 

withstand fire for 90 minutes (www.hausderzukunft.at, 

2010). The sound insulation is also very good, as an 

example recording studios in the USA have been built with 

straw bales. This is definitely an advantage in a Youth 

Centre where a lot of activities might be carried out quite 

loudly.  

From an ecological point of view straw is a great material. 

It can be locally produced and returned to the earth, it 

provides a toxic free indoor environment, it provides low 

U-values and thereby a lowered need for heating and it 

absorbs CO2 when growing. 

The downsides are mostly due to incorrect handling of the 

material. If the bales used have been exposed to rain and are 

wet the bale might start to rot, so it needs to be made sure that the moisture content does not exceed 

15%. Since the material is based on dead plant stems of grain crop, needing nitrates to start 

Figure 25. A cross-section of a straw bale wall 

(Amazon Nails, 2001) 
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decomposing, it is fairly inert. However, if accidentally mixed with hay containing leaves, flowers and 

other more organically active materials the bales can start decomposing (Amazon Nails, 2001). 

4.5.6 The Moldovan perspective 

A comparison from a Moldovan perspective, taking environmental and economical aspects into 

consideration, is seen below in table 9. These two factors clearly have a strong relation to the final 

outcome of any construction project. When seen from a Moldovan perspective the “Swedish” house is 

very expensive when it comes to the initial investment and even if it has a good quality it might not be 

affordable. A “Moldovan” house on the other hand might be cheaper to build but in the long run the 

higher energy demand will certainly raise the expenses. Finally there is the option of building with 

straw bales. The low points do indicate something important; this could very well be the best choice if 

the intention is to create a construction that can be replicated within the Moldovan market. A material 

as cheap as straw has no easy way of entering the construction market since there is not much money 

to be made from it, thus making it less interesting for the manufacturers. As seen in the example of 

straw being used as fuel for biomass boilers, the prices do rise with a higher demand but still it is 

cheaper than the alternatives. Should straw bales be asked for as building material by constructors the 

price would consequently with time become somewhat higher. 

Construction type Sweden Moldova Straw bale 

Energy efficiency 1 4 1 

Ecology 3 2 1 

Cost of material 4 3 2 

Sustainability 2 3 2 

Total points 10 12 6 
Table 9. Comparison of construction types, with a point system varying from Very good (1) to Bad (5) 

seen from a Moldovan perspective. 

The numbers in the matrix stem from theoretical knowledge mixed with information gathered during 

research conducted in Moldova. There is a level of uncertainty connected to the values since they 

derive partly from personal opinions which might be groundless in relation to theoretical proof.   

4.6 Former implementation of sun energy in Moldova 
In Moldova, the market for solar collectors and their system 

is today quite small but it is increasing. The implementations 

that have been made are only for solar thermal heating of 

domestic hot water and not for heating of buildings. The 

market is opening up more and more with the slowly but 

steadily increasing gas prices but still the investment in sun 

energy is big for the average Moldovan. As well it is 

common that an average citizen does not have the economic 

resources to make the whole investment all at once. 

Therefore it is hard to motivate why the solar thermal energy 

is cheaper in the long run when the gas price, for now, still is 

at a manageable rate (Vladicescu, 2010).   

The market is mainly the middleclass citizens and 

above who have started to see the opportunities and 

advantages of installing solar thermal systems for domestic hot water. There are as well residences 

around the whole country that are not connected to the central heating system, but instead use gas, coal 

Figure 26. Annual values of the global solar radiation, 

kWh/m2 year (Ministry of Ecology, 2002) 
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or wood to heat up the houses. Here could be a market for usage of sun energy as long as they can be 

economically reasonable, funded or subsidized.  There are a few distributors on the market selling 

solar systems both for domestic hot water and heating. There are no manufacturers in Moldova at the 

moment for solar collectors and their system components so the distributors import all of their goods 

from abroad (Echipa A. , 2010).  

4.6.1 Sun resources in Moldova 

Moldova’s territory is to its area quite small, therefore the climate conditions are practically 

homogeneous for the whole country. It is not necessary to allocate zones that have a higher solar 

energy potential since it is almost the same everywhere. Therefore measurements for sun radiation and 

sun hours have mainly been made from the capital of Moldova, Chișinau. (Ministry of Ecology, 2002) 

(EBRD, Renewable Energy Resource Assessment)  

 In Sweden the global solar radiation in kWh/m2
 
per year has an average on 800 kWh/ m

2
 in the 

northern parts and 1000 kWh/m
2
 in the southern parts (Andrén, 2007). In Moldova the values lie 

between 1280 and 1370 kWh/m
2
 as can be seen in Figure 26. Table 10 present values of sun resources 

from measurements that have been made by the Ministry of Ecology, Construction and Territorial 

Development from the capital Chisinau. 

Chisinau Jan Feb Mar Apr May Jun Jul Aug Sep Okt Nov Dec Yearly 

  35 41 84 128 169 192 190 166 122 78 33 26 1264 
Table 10. Monthly and annual total solar radiation incident on horizontal surface, kWh/m2 (Ministry of 

Ecology, 2002). 

 

4.6.2 Conditions and parameter values for Moldova 

The inlet cold water temperature that comes into the solar systems differs over the year. In winter the 

temperature is 5 °C, in spring and autumn 10 °C and in summer it is 15 °C. That gives an average 

temperature of 10 °C over the year. There is a high level of calcium in the water in Moldova which is 

not good for the pipes since the calcium will, when heated up, take fast form and precipitate and fasten 

onto the insides of the pipes. This leads to a shortened life-time cycle, up to three years, for the pipes. 

This can be solved by using a filter to separate the calcium from the inlet water before it reaches the 

system.  

In Moldova there is no price difference on the market between flat-plate solar collectors and evacuated 

tube collector. When asking about this there was no knowledge about why, only that the evacuated 

tubes were to prefer since the heat pipes, that are most common, are easy to change if they would 

break or need maintenance (Echipa A. , 2010).  
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4.7 The load of domestic hot water 
For the calculations of the domestic hot water load for the Youth Centre some guidelines and 

parameters have been taken into consideration.  A common norm to use is that the domestic hot water 

represents 20-25 % of the total amount of the energy used for heating of the building.  In Sweden an 

average parameter is that every person uses 70 litres of domestic hot water per day. This includes 

shower, hand wash, dishwashing and washing machine (Olsson D, 2008). For Moldova the amount of 

usage is 55 litres per person/day (Echipa A. , 2010).  

The number of persons who would spend time inside the house was during the work with this project 

not known as well as what kind of activities and how often they would take place. This brought 

difficulties in deciding how many showers and basins there should be or how much water they would 

require. To continue making progress within the project a domestic hot water load was set to 7000 

kWh. This is 20 % of the total energy load for the “Sweden”-house.   

The amount of 7000 kWh was divided by 365 to get the amount of kWh per day, 19.18 kWh/day for 

the Youth Centre. With information from the Olsson, D. 2008 report calculations have been made to 

obtain a figure for how much heat energy, in kWh, one litre of water contains when it has an average 

temperature of 40 °C.  

The result was for water at 40 °C = 0.04 kWh/1 litre.  

                               

480 litres divided with the Moldovan standard of 55 litres per person/day gives:  

                   

So if the domestic hot water load is 480 litres/day it would supply 8.7 Moldovan persons with their 

need. The 9 persons’ total daily usage is estimated to cover the total need for a larger number of 

people being sporadically in the house, for example participating in activities. To make the simulations 

in Polysun easier 8.7 persons is rounded up to 9 persons.  

4.8 The usage of boilers in Moldova 
The boiler type is vastly decisive for the energy output from the fuel. In Sweden as well as in Moldova 

many old boilers remain operating despite their low performance. In Moldova many furnaces used in 

the rural areas have an efficiency of only 50% and they are on top of this direct acting. The REAW 

project saw great ameliorations in cost and environment as a result of the replacement of the old 

boilers and systems used (CAPMU, 2008). The combustion process for biomass fuels is rather 

complex and new research and tools such as computer software have helped engineers take important 

steps improving the design of furnaces. Higher customer demands on usability, cleanliness etc. has 

also lead to solid fuel furnaces’ great development. However there are still boilers produced using old 

techniques (Gustavsson, 2003).  
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Boilers can be divided into groups according to a number of different properties. One is the way the 

fuel is fed to the boiler generating two bigger groups: batch fired boilers, see Figure 28, such as fuel 

wood and straw bale boilers, and continuously fired boilers such as the pellet boiler, see Figure 27. 

Another popular division refers to the fuel used. There are boilers designed for one specific fuel, 

combiboilers with one furnace working with two or more fuels and dual-boilers equipped with two 

separate furnaces (www.bioenergiportalen.se).  

The Moldovan boiler market is almost completely dominated by gas boilers. Moldovans value them 

for their cleanliness and they are seen as a new and modern replacement to the old sobas. Gas as a fuel 

is well established and trusted and gas boilers have the advantage that the load can be varied and 

adjusted to the variations in heat demand during 24 hours. This saves the cost of buying an 

accumulation tank (Echipa A. , 2010). There are a few companies selling biomass boilers and the 

equipment sold is in general not so technically advanced but cheaper and smaller brands, since the 

know-how in the trade is quite low. Thanks to the REAW project Moldova now has two companies 

assembling and installing straw bale boilers from two Danish companies in the size range 25 to around 

750kW (www.passat.dk) (www.alcon.nu). 

4.8.1 Wood log boilers 

All the properties and functions of a wood log boiler will not be discussed again in this paragraph 

instead the reader is asked to read the chapter about boiler theory. It is however noted that modern fuel 

wood boilers are efficient and can be very environmentally friendly if the right type is chosen. 

Efficiencies around 90% can be assumed if the boiler works from the principle of reversed 

combustions connected to a storage tank (Gustavsson, 2003). Very few wood log boilers are sold in 

Moldova today. There are few types available. People who want to leave the traditional heating with 

sobas buy gas boilers and very few can afford storage tanks. There is however some authorized dealers 

with trained personnel. The brands sold vary from brands well reputed and sold in Sweden to simpler 

types with a price corresponding better to the local economic preconditions. One company sells Greek 

Figure 28. Old batch fired wood furnace  

(Vedkaminer Aktiebolag). 
Figure 27. Continuously fired pellet boiler (JTI, 

2010). 
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wood and wood- and pellet combiboilers. The smallest combiboiler of 21 kW costs 3166€, the 25 kW 

wood boiler costs 1200€ and a pellet boiler imported from Slovakia of 20 kW 5500€ (Echipa A. , 

2010). This can be compared to the 1000 € a new gas boiler costs (Jardan, 2010). 

One week’s consumption of fuel wood will, according to the figures presented in Appendix 5 and the 

data given in Table 5, be 97kg or 0.27m
3
. Not much space will thus be needed for the fuel storage of 

wood.  

4.8.1.1 The affect of handling on the combustion result 

To fire with wood is not all easy. To reduce emissions and avoid troubles with air pollution in the 

neighbourhood area the user of a fuel wood boiler needs to know a few things about firing with wood. 

This has lead to the making of a booklet written by the Swedish Energimyndigheten to guide ordinary 

people to good wood firing habits. Many boiler vendors also provide their customers with instructions 

in written or verbal form in connection to the purchase. The first thing the user needs to make sure is 

that the fuel is dry and clean avoiding unnecessary inorganic particles to be put in the furnace. As 

described earlier there are devices that measure the water contents if you feel uncertain. It is important 

to ensure good air supply throughout the combustion process. Boilers with natural draft have no way 

of regulating the air intake according to the current condition, but rely on the dimensions of the 

chimney and the prevailing weather condition. Most modern boilers have adjustable dampers. These 

are however often not meant to be regulated by the user but have a default setting adjusted by the 

engineer installing it (www.baxi.se). When charging the furnace it is important to get the fire properly 

started as fast as possible to decrease the high emissions related to the start up phase of a wood log 

boiler. This is why using dry wood is important. The stacking of the logs are important for the 

turbulence so they should be placed in a way allowing air to enter the stack and increasing the air/fuel 

contact ratio Two ways of concretely checking the results of your firing is looking at the ashes which 

should be light grey and light and looking at the smoke from the chimney which should be almost 

colourless. The user also needs to keep their furnace clean. Dirty boilers with much slag and sintering 

will have lower efficiency due to reduced heat convection (www.naturvardsverket.se). 

4.8.1.2 Fuel flexibility 

Wood log boilers run best when the wood logs are dry, cut in the right length (specified in the user 

manual), charged so that it fills the fuel chamber as good as possible but allows air to circulate and in 

regular intervals so that the boiler does not cool of so much in between the firings. To interchange the 

wood logs with wood briquettes can normally be done without any problems as long as the significant 

increase in heat value is regarded and the amount of fuel in the batch is lowered (www.novator.se). 

Pellets can be used in a wood log boiler provided that they are put on a fixed grate. This can be 

favourable for the user since the amount of fuel can be almost dimidiated and the high quality of 

pellets often gives a higher efficiency of the boiler depending on its design (JTI, 2010).  

A study made in Austria  (Rönnbäck, 2008) investigated the efficiency, levels of different types of 

emissions and corrosion when different types of fuels where used in a 15 kW wood log boiler. Hay, 

maize, straw, Miscanthus, residues from grapevines and pollard where used. The test was however 

done after adjusting the boiler to biomass from agricultural waste. This was necessary to reach the 

same performance as for firing with wood fuels. To estimate the efficiency the CO content in the flue 

gases was used. The test performed with fixed settings showed great variations, between 20 and 600 

mg/Nm
3
. The variations were thus assumed to be related to the fuels which vary in bed height, ash 

amount and formed ash lumps, channel formations in the bed etc. Type of control system showed great 
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importance for the performance. Boilers equipped with lambda probes had much lower CO amounts. 

Changing fuel directly in a wood log boiler is not recommended because it will not just affect the 

efficiency and environmental performance but might also directly damage the boiler. Many problems 

are ash and thereby slag related. A more technically advanced boiler with moving parts etc can be very 

hard to clean. Less cleaning will enhance the slag formation and reduce the boiler efficiency 

(Rönnbäck, 2008). 

4.8.1.3 Safety 

The safety of wood log boilers is good. Wood is less flammable than straw and the fuel does no need 

to be stored close to the boiler. The handling of wood log is because of their size relatively easy. 

4.8.2 Straw bale boilers 

Straw bale boilers need to meet the high demand set by the fuel. Straw in general contains 

substantially higher amounts of ashes as stated before. This along with the bulkiness of the material 

has given straw boilers a position on the market as larger heat plants. Larger plants have better 

possibilities to handle cleaning, fuel charging, fuel storage and cleaning of flue gases to reduce 

emissions. These plants can use grated straw instead of straw bales which opens up for automatic 

feeding systems and a more stable and efficient combustion. There is however a demand for smaller 

boilers that can be used on smaller farms where the heating demand is low but the straw is cheap and 

the free space big. The majority of the straw used for heating in Sweden is actually consumed by 

smaller farms (www.bioenergiportalen.se). Two Danish companies are since the implementation of 

the World Bank’s REAW project on site in Moldova having authorized and licensed dealers selling 

and installing their equipment in the country. Service, maintenance and spare parts are available for 

boilers of these brands (Cicati, 2010). One of them produces boilers from 25kW and more and the 

second one from 30 kW. Alcon allege that the quality of the boilers installed in Moldova are lower 

than the one in Denmark since things are still so new (they have only installed three boilers so far) 

(www.alcon.nu). 

 

Figure 29. Passat Energi A/S straw boiler HO-series 
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Figure 30. Alcon A/S straw boiler R-series 

4.8.2.1 Construction 

This paragraph deals with the construction and design of the two small household straw boilers 

produced by Passat Energi A/S, seen in Figure 29,  and Alcon A/S, seen in Figure 30, available in 

Moldova. Small-scale boilers are based on the same technique as the wood log furnace but the 

difference of their fuels requires some modifications. The two boiler types have similar features. They 

are both promoted as solid fuel boilers and not solely as straw boiler. The typical customer for this 

type of boiler is a household on the countryside possibly a farm with lots of free space and agricultural 

waste of different sorts available and Passat thus claim that their boiler is suitable for almost every 

type of biomass: wood, paper, paperboard, chips and the like. However, the flexibility calls for some 

compromise of the optimization of combustion. As seen in Figure30 the construction is much simpler 

than what is used for modern wood log boilers. The boiler only consists of one combustion chamber. 

Fuel gases and solid fuel are combusted in the same room although in somewhat different areas. 

Primary and secondary air is supplied from the roof of the fuel/combustion chamber with a pressure 

sufficiently high to force the air down a bit in the bale. It then continues to the left in the figure drawn 

by the pressure difference created by the high chimney. The process does not fit any of the above 

mentioned combustion types but can be described as an intermediate between horizontal and reversed 

combustion.  

The simpler design of the straw boilers leads, as expected, to a lower efficiency. Alcon means that 

their R-series boilers have an efficiency of only 65%. Both boilers are also water cooled to handle the 

powerful heat generation in the beginning of the combustion (www.alcon.nu). Passat’s 25 kW boiler 

contains 175 litres of water circulating from the accumulation tank. This water needs to be heated 

when firing in the boiler before sufficiently high temperatures can be reached in the fuel chamber 

giving the boiler a slowness in the start up phase which might lead to higher emissions and lower 

efficiency. Straw is a difficult fuel in many ways because of the high risk for forming of slag. The HO 

boilers can thus not be allowed to be too cold either it therefore needs to have a temperature of the 

return water above 60°C (www.passat.dk). Its performance is thus significantly better if ran regularly 

and combined with a well dimensioned accumulation tank.  

Straw bale boilers are bulky. The boiler itself is significantly bigger than a normal wood or pellet 

boiler and need a well proportioned part of the heated building. Because of the bulkiness of the fuel 

Primary air 

Secondary air 
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and the higher amount of soot and dirt it is preferable to place the room either with a separate entrance 

or in a separate cabin in the yard. For heat conservation purposes it is however preferable to place the 

heating units with the accumulation tank etc in a central part of a building. The estimated 1350-1710 

MJ per week in straw means 1.43-1.56 m
3
 which equals only 5.7-6.24 bales. Alcon’s R-30 takes 1-3 

bales per firing. This means that time between charges will be very long which is connected to the risk 

of cooling the boiler off.   

4.8.2.2 Safety  

Straw combustion is combined with high temperature increases and straw boilers, as discussed above, 

needs to be water cooled. Failure of the cooling mechanism of straw boilers can result in very 

dangerous situations, if the boiler and its storage tank are well installed and dimensioned the risk for 

overheating or boiling is however very small. The biggest danger related to straw boilers is the danger 

of fires in the boiler room when charging or other handling of the boiler. Straw is a very flammable 

material and the risk for jumping sparks always exists with the glow left in the boiler from the 

previous firing. It is therefore always recommended to keep the fuel storage in a separate house or 

cabin or even to place the boiler room itself outside in the yard (www.passat.dk) (Nilsson & 

Bernesson, 2005).  

4.8.2.3 Fuel flexibility 

Straw boilers are as mentioned often designed to handle both straw and wood but are also often said to 

be suitable for many types of agricultural wastes. Because of its simple construction the risk for 

clogging of moving parts or narrow passages in the boiler is almost nonexistent. The boiler is also 

already prepared for fuels with high ash content and can thus be considered suitable for almost any 

biomass material dry enough. Passat Energi write that their boiler should be equipped with a grate 

when firing with very fine fuels such as peat or chips but that the combustion of straw bales is best 

done without one (www.passat.dk). For the environmental performance and the efficiency the same 

reasoning as for wood log fired boilers can be used when it comes to using different fuels.  

4.8.3 Pellet Boilers 

Pellet boiler developers use the homogeneity of the fuel to design a refined boiler controlling the 

combustion very well. The pellet boilers can be almost completely automatic, feeding and igniting the 

fuel as well as removing the ash which has made them quite popular. The fuel is also relatively clean 

and easily stored. As pellet boilers are automatically fed they let only a small amount of fuel take part 

in the combustion at the time. This makes them respond very quickly when starting and ending the 

combustion unlike batch fired boilers. The emissions from start and end are so low that the output can 

be allowed to be changed even in between charges to fit the current output need of the user. Normally 

pellet boilers are equipped with about three different output levels to choose from. The flexibility in 

output is a great advantage making them better to use in a system combining several different energy 

sources such as sun and/or wind. Of course their performance is best if connected to a storage tank as 

for the other biomass boilers discussed (JTI, 2010). An efficiency of 90% is often reached with the 

better boilers on the market. Part of the strong environmental performance of pellet boilers is related to 

the stability of the combustion related to the homogeneity of the fuel but also the continuous firing 

keeping every stage of the combustion steady.  
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4.8.3.1 Fuel flexibility 

The main idea of pellets was to offer a well controlled high quality fuel. It thus followed state-of-the-

art boilers to benefit from the new advantageous conditions offered. The most developed pellet boilers 

are thus not at all suitable for any other fuel than pellets. There are however boilers which can also use 

wood chips as a substitute but in general pellets is the only appropriate fuel (JTI, 2010). Complaints 

have often arisen regarding the quality shifts and lack of standard within the fuel group itself and this 

can give an indication on the sensitivity of the boilers. Since they are often highly automated to fit 

customer requirements, cleaning and maintenance can be hard to perform. Baltmopellets SRL sell 

their sunflower husk pellets (with higher ash content than wood pellets) to a larger plant in Poland 

better able to handle pollution and slag (Edvinas, 2010). This could be seen as an indication of their 

inaptness for use in more sensitive small-scale combustion.  

4.8.3.2 Safety 

The safety aspect of pellet boilers and their fuel storage has been discussed. The automatic feeding 

which is a necessity to keep small scale pellet combustion competitive on the market is also connected 

to some risks. The fuel is very energy intensive and fire spreading from the burner or boiler to the fuel 

container is very dangerous. Modern pellet boilers have however managed to avoid this weakness by 

several safety devices (JTI, 2010).  

4.8.4 Comparison of boiler types 

The properties discussed for the three different types of boilers are given numerical values which are 

compiled into Table 11 calculating the total sum for each of them. The lower number the better 

suitability of the boiler for the suggested application. The figures are approximated and the properties 

included have not been sorted or adjusted by importance to give a clear and simple visual presentation 

of the boilers. The three boilers are chosen as the main options in this report. There are however more 

options available for the Youth Centre. Solutions lying between the three types such as smaller 

combiboilers that can handle certain types of agricultural wastes, dual-boilers enhancing the fuel 

flexibility but still keeping the high combustion performance, but the Centre also has the possibility to 

install more than one boiler for fuel flexibility and demonstration purposes. The pellet boiler has many 

advantages evident in the matrix. It manages to combine advanced technical design with user-

friendliness. This allows keeping the standards in environmental performance and efficiency high even 

when the experience and the know-how of the user is low.  
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Pellet boiler Wood log boiler Straw boiler

Fuel 

Sustainability 3 3 1

Environmental impact 2 3 2

Price 2 2 2

Fuel flexibility 5 4 2

Storage volume one week 1 2 5

Handling

Time between charges 1 3 3

Cleaning 2 2 5

Risk for mishandling 2 3 3

Operation low effect 2 4 4

Spare parts 4 4 1

Nominal efficiency 1 1 3

Total 25 31 31

Boiler Comparison Matrix

 

Table 11. Compilation of numerical estimations of boiler properties. From Very good (1) to Bad (5). 
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4.9 Simulations in Polysun of the Youth Centre 
It was decided that the heat and domestic hot water system would consist out of two different 

solutions. Both of them would be implemented on the same type of house, the “Sweden house”. They 

are designed so that one of them will be a more standard system and the other one will have more 

modern technique and components as well as better solar collectors. With this it is the intent to 

demonstrate how the different possibilities will affect the outcome of installing these systems and how 

the amount of received sun energy, solar fraction in percent, differs between them.  

 

 

 

 

 

 

 

 

 

 

 

The chosen accumulation tank is of a large volume and when installed supposed to be three tanks that 

are serial connected to each other. In Polysun this technique can today not be simulated therefore it is 

simulated as one big tank. The thought with having such a large accumulation volume is to have a big 

possibility to store as much heat as possible. The tanks will be placed indoors and connected to each 

other with three way vessels or bivalent shunts that deliver the heat energy to the different tanks 

depending on the temperature that have been received. The first tank will work as a buffer tank and 

always have a high amount of energy stored. The two second ones will be stratificated and always be 

able to deliver cold water to the solar collectors (Lorenz K, 2010). 

  

These parameters were equal for both cases during the 

simulations: 

U-value = 0.25 

Angle of incidence = 70° 

Area of the house = 240 m
2
, two floors. Low energy 

building. 

Domestic hot water load = 480 l/day, temperature 50 °C 

Accumulation tank = Accumulation tank volume 2250 L . 

Insulation 150 mm, PU foam. 

Inside temperature = 19 °C 

Average inlet temperature: 10 °C over the year. 

Boiler = 15 kWh Pellet. 

 

Inclination = 70° south. 
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4.9.1 Case 1 

Solar collectors 

11 flat-plate solar collectors of the quality inexpensive. Total area: 20 m
2
.   

System 

Internal heat exchangers, gail pipes. Variable speed controlled pumps. 

 

Case 1, as seen in Figure 31, is a basic system with some improvements to benefit the efficiency of the 

system. The accumulation tank has the solar collectors connected to it in the bottom part of the tank to 

keep the working temperatures in the collectors as low as possible. All heat exchange is through 

internal heat exchangers. The inlet water for domestic use comes in to the tank in two phases. The first 

one is in the bottom gail pipe and the second one is in the top. The radiators take their heat directly 

under the top gail pipe. The heat from the tank can go directly to the radiators or be mixed with some 

of the returning water to control the temperature. This is done by a three way vessel and the circulation 

is done with a pump. The boiler is connected to the top of to the accumulation tank. 

The domestic how water is taken out after the second gail pipe and as in the case of the radiators is a 

three way vessel working to control the outlet temperature in the tap. The vessel mixes the out coming 

hot water with cold inlet water to reach the demanded temperature. The angle of 70° is chosen to 

minimize risk the chance of stagnation in the system as well as increase the working period of the 

solar collectors over the year.  

The amount of global insolation to the system is 1.348 kWh/m
2
. This matches very well with the 

amount from the Ministry of Ecology that is presented earlier in this report which shows that the 

metrological data in Polysun seem correct. 

The amount of total solar fraction in percent to the system is 42 %. As seen in Figure 32 the months 

that bring most solar thermal energy to the system are, naturally, the summer ones. But due to the 

steep angle of incidence, 70°, the system also obtains high solar fraction for the spring months; March, 

Figure 31. Case 1 simulated in Polysun. 
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April and May and the autumn months; September and October, The system has its lowest values 

during December and November.  

 

Figure 32. Solar thermal energy to the system in Case 1, kWh. 

 

The pellet boiler in Case 1 only have one month, August, where it is not needed. The simulation does 

not include the immersion heater but in a real installation the months of July, June and September the 

complimentary heat would be preferable to take from the installed immersion heater. This is because, 

as mentioned before in this report, the lowered degree of efficiency that the boiler has when working 

with a small need. The months with the highest need are December and January.

 

Figure 33. Heat generator energy from the pellet boiler to the system in Case 1 (solar thermal energy not 

included). 

 

The stagnation periods for Case 1 which can be seen in Appendix 3 are few and this is due to the large 

volume of the accumulation tank. The lower quality of the solar collectors also contributes to this 

because they give away more heat to the surrounding area during the hottest months because they are 

not so well insulated. 
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4.9.2 Case 2 

Solar collectors 

7 evacuated tube collectors: Collector Vitosol 300-T of very good quality. Total area: 20.16 m
2.
 

System 

External heat exchangers. Variable speed controlled pumps. 

 

Case 2, as seen in Figure 34, is a very god solar thermal system. The solar collectors are evacuated 

tube collectors of high quality. The collectors transfer their heat to the accumulation tank through an 

eternal heat exchanger. The external heat exchanger is connected to a three way vessel or bivalent 

shunt that can, depending on the received amount of energy from the collectors, deliver energy in top 

of the tank or in the middle. The external heat exchanger then cools down the heat carrying fluid from 

the collectors with cold water, which is taken from the same level as the inlet water, from the bottom 

of the tank. The domestic hot water works as well with an external heat exchanger. This process is the 

same as the heat exchange from the solar collector. The external heat exchangers bring constant low 

returning temperatures to the collectors and as well keep the bottom of the tank cooled. There is an 

increased amount of heat losses but the effectiveness of the external heat exchangers makes up for 

this. 

With these changes the system obtains a solar fraction of 52.1%. The highest fraction is also in this 

case in August but if one look at March and October in Figure 35 they are not far behind. This is once 

again due to the high angle of incidence for the system. The system has its lowest fraction during 

December and November. 

Figure 34. Case 2 simulated in Polysun. 
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The biggest benefits of Case 2 are clearly shown in Figure 36. Here the decreased need of the pellet 

boiler due to the higher amount solar fraction delivered to the system can be seen. It is also shown that 

the total amount of required energy is covered from May-October by the evacuated tube collectors. 

April as well has a low need where the immersion heater comes in handy. The months with the highest 

need are December and January. 

 

Figure 36. Heat generator energy from the pellet boiler to the system in Case 2 ( solar thermal energy not 

included) 

 

As in Case 1 the stagnation periods for Case 2 can be seen in Appendix 3. The periods are few, only 

two with very high temperatures, and this is here as well due to the large accumulation tank volume 

but also to the higher stagnation temperature for the evacuated tube collectors.  

 

Figure 35. Solar thermal energy to the system in Case 2, kWh. 
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5 Result 
Our final suggestion for the Youth Centre is based on what is referred to as Case 2 under the Polysun 

chapter.   

A construction with a median U-value of 0.25 W/m
2
K for the suggested building of 250 m

2
 will give 

an annual energy consumption of about 16 000 kWh. This U-value could rather easily be lowered even 

further. Thus the conclusion is not to choose neither material nor construction type but instead to 

suggest a critical level for the U-value. If the construction is heavy or light, if the materials are 

imported or local etc loses some relevance when put in a life cycle analysis which, as stated, tells us 

that most energy is consumed by the inhabitants during the years of usage. As long as the house built 

is designed to be as energy efficient as possible, then it will be a success. The required amount of 

energy will be covered by 40% of solar energy and the remaining part will be complemented with a 15 

kW pellet boiler. The suggested solar thermal system will have flat-plate solar collectors and a 

regulating system that is standard with some improvements. The decision is based on that solar energy 

has not been used for heating of houses in Moldova, only for domestic hot water, and therefore we 

chose to use tested and reliable technique. The boiler chosen in accordance with Table 11 is a pellet 

boiler. This is because of its very good environmental performance, cleanness and user-friendliness. It 

also has the advantage of being flexible and easy to combine with other source of energy such as sun.  
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6 Analysis 
During this bachelor degree project it was found that there is not one optimal system but many 

depending on what is the most important factor for the stakeholders. Furthermore, when realizing a 

project one cannot simply see to only one aspect but the strength often lies in the ability to create a 

balance between many different. Since the project is in an early stage the parameters used in this 

report might not be the final ones when implementing the project. This has been taken under 

consideration during the working process and the making of slight changes will not affect the outcome 

in any larger extent.  

To implement something that is of a very highly developed technical standard can be contra 

productive if done in a country that does not yet have the possibility to fully gain and receive all the 

environmental benefits. It is very important to look at the capacity of the receiver and what ability that 

exist to process and gain from what is given. Based on the wishes of the stakeholders a solution was 

presented that strongly emphasizes the environmental factors. When working towards finding an 

environmentally friendly solution confrontation occurs on where to draw the line.  

Starting up a project in a country where environmental issues have only had a minor influence it is on 

a small scale technically quite easy to make big improvements. However, maybe the solution should 

not be too simple. Starting from scratch it could be a great possibility and advantage to jump several 

steps on the environmental technical scale, quickly reaching the level strived for by the EU. Since 

most likely Moldova is aiming towards a membership in the EU this would be beneficial. On the other 

hand a simpler technique might have a bigger total impact because it has the chance of spreading more 

easily. The prediction of a new technique’s impact can however be hard to make and requires a 

comprehensive knowledge of the country.  An example of these opposites is the choice of the thermal 

solar system within this project; a modern and technically advanced system is sensitive for the external 

influences which are related to the overall lower standard in infrastructure, such as poor water quality 

and an uncertain supply of electricity etc. Therefore a system with more simple components have been 

suggested due to the newly started market for RES in Moldova and because this technique has been 

tested and implemented before. 

 

The newer ideas about optimizing thermal solar systems are good, modern and efficient but at the 

moment a more standardized and cheaper technique is more preferable to introduce to Moldova. Since 

solar energy has not yet been installed for heating of buildings it is important to show a system that 

can perform well in Moldovan conditions, is well functioning and easy to maneuver. The idea is that 

the smaller amount of solar fraction over the year is compensated by the fact that this is a pilot project 

that hopefully will open up new forums for Renewable Energy Sources and increase the awareness 

and interest. The challenge for Moldova today is to, with renewable energy sources; continue the 

started process of not being dependent from imported energy. In the long run this will gain a more 

secure social structure and stronger economy.   For the Youth Centre it is an assurance that the solar 

thermal system will work well during a long time and stand as a good example for future interest in 

these kind of installation and in the use of sun energy. 

In this project there were no economical limitations and focus was instead put on the environment and 

sustainability. Therefore economical evaluations are not presented for the different systems. The first 

intention was to present new technical solutions in a way that can be manageable by the Moldovans 

within their economical range and could thus be replicated. However, for Moldova to be able to reach 
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this goal, the state has to take the initiative to contribute with subsidies. This Youth Centre will 

therefore be a demonstration site for modern climate smart solutions and will serve as an inspiration 

rather than something that could immediately be copied by a standard Moldovan household. 

The pellet boiler received the highest score in the comparison matrix and was therefore chosen for the 

simulations in Polysun. The pellet boiler is well suited for an inexperienced biomass boiler user 

provided that it is a modern type and that it has received the appropriate certifications mentioned 

earlier. It has a low probability to be mismanaged which makes the expected environmental 

performance very high. The one big weakness of the pellet furnace is the fuel. The pellet market in 

Moldova today is almost non-existing and the sunflower husk pellets evaluated have relatively high 

ash content. Before using them frequently in a small-scale household furnace their affect on the boiler 

should be carefully investigated. This means that the pellet boiler as a final suggestion do not reach the 

set requirement of use of domestic fuels. On the other hand, increasing the number of pellet boilers in 

Moldova will bring possibilities for domestic pellet production from the today unused sawdust waste 

from Moldovan companies. Further it cannot be recommended to rely simply on one type of biomass 

fuel in a country where the market is still young. The pellet boiler could favorably be complemented 

with a simpler type of combiboiler handling wood as well as a few types of agricultural waste 

products. The boiler installed should be equipped with blue flame technique, ceramic combustion 

chambers and lambda probe to minimize emissions. If this is done an environmental performance 

sufficient for a building in a non-densely populated area will be reached. The straw boiler has many 

distinct advantages but cannot be recommended for this type of building. The image of the Youth 

Centre is rather important and Peace&Love foundation wants to deliver something contemporary and 

“cool” to the youths bringing them inspiration. The bulky straw boiler might not be very well received 

in this context. The straw boiler has though a great potential to be used in many other buildings in 

Moldova such as farms, and could be used for district heating.  

When making the final decision upon what house that shall be built, it is desirable for the stakeholders 

to bare this in mind: Not investing enough in the quality of the construction will make it less energy 

efficient and in the end more costly for the owner. For the sake of the continuous usage of the house it 

is very important that the running costs will be as low as possible since the final operator will be a 

municipality with a limited budget.  

If the stakeholders wish to create not only a demonstration house but something that can be easily 

copied then a must is to use cheap materials with high quality. If not, the chance of spreading will be 

slowed or perhaps even eliminated. Letting the citizens of Lozova participate in the construction work 

is strongly advised, knowing from experience that this is the key to creating a sense of responsibility 

and care. It is also an excellent opportunity to educate persons in how to construct houses in a, for 

them, new and unfamiliar way.   
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7 Discussion/ analysis of working procedure 
The largest lesson learned during the project is that it is extremely hard and frustrating to work with a 

project so loosely defined. Entering the project in such an early stage made it hard for us to get a clear 

view of what information that needed to be gathered. It also meant that the contact between the 

different stakeholders, in Sweden and in Moldova, was not yet firmly established. This put us in an 

awkward middle position which from us required passing a lot of information back and forth to define 

our role in the project.  

To solve these issues and enabling continuation of the process for the project we tried to establish a 

better contact between all the stakeholders. This was done in hope to get more clear directives and 

parameters for our case. As this process was too slow we had to decide our own limitations and 

parameters, not making choices that would be hard to redefine with a changed scenario. 

What we could have done to change this situation was to earlier and more clearly define and set up 

limits for our part of the project. For us it had an equally important academic purpose which perhaps 

should have played a more significant role. When realizing that the first expected case did not exist, 

we should have zoomed out to try to better understand what information was needed and when. To put 

up deadlines for parameter values would have been of great help. Not doing this we left ourselves 

dependent of the stakeholders and thereby wasted a lot of valuable project time.  

From this we have learned to expect and demand more from any future job requestor. Presented with a 

project which has the possibility to become very large and consist out of many parts, the process of 

selecting and estimating the size of the elements should be allowed to take more time. Important is to 

be clear with what partial goals should be reached during the process, thus creating more limits which 

would simplify and establish a mutual focus.  

As mentioned before in the analysis we see the total understanding of the cultural, social, and political 

context as very important for the project. For our part, only being ten weeks in the country has made 

this hard to accomplish. Language barriers and the need to speak and gather information through a 

translator has definitely been a contributing factor. Still, since we all see ourselves working abroad 

sometime in the near future this has been a good chance to practice working under these 

circumstances.   

The three of us have had relatively different views of how a bachelor degree project should be 

performed and what it contains. A part of this comes from the fact that there are not many academic 

guidelines given by the University of Skövde. However, the major part is probably because we are 

quite different as individuals. This has made every discussion more dynamic but also longer lasting, 

resulting in a deeper understanding of how one’s communication skills are always important to 

evaluate and develop.  
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Appendix 1 
 

 Youth Centers of Peace & Love  
Youth Centers of Peace & Love will be a place to meet for youth around the world. From poor 

countries to the more rich countries. From small villages to world metropolises. A place where 

people can meet, learn and get inspired by lectures from organizations such as Amnesty 

International and Clowns Without Borders, and professionals such as sexologists and 

entrepreneurs.  

The objective of the youth centers is not to point out a direction for the young people, but rather 

let them find their own path through held talks and creative activities.  

The aim for the building itself is to create a space with several rooms for different purposes. One 

room is intended to be an activity room, where ping-pong, TV-games and artistic creations can be 

alternated with live music entertainment by bands from the building's own rehearsal studio or 

elsewhere.  

The second room is to be used as a minor lecture hall or a place to meet privately with teachers, 

doctors or psychologists to put the mind at ease.  

Another room should be possible to use as a rehearsal studio, where the young people can learn 

how to play different instruments and start up bands with the help of music teachers and local 

musicians.  

If there is one room left it should be used as a simple hostel for short term visitors.  

In short, the Youth Centers of Peace & Love will let young people grow and express themselves 

through art, writing and music. A place where they can get inspiration and purpose without 

demands and pressure, and be able to have a dialog with different people like politicians, 

psychologists, clowns and artists. Religious and political independency, freedom, democracy, 

fellowship and diversity should define the concept.  

Project P&L Moldova  
Peace & love will start up two youth centers in Moldova. Both centers will have two persons 

employed to take care of the center, manage the activities, inspire, and work with the youth.  

Every year, a festival will take place in Chişinău with the purpose of collecting funds for further 

development of the youth centers. The festival will encourage cultural expression and work as a 

forum for people to meet and discuss.  

Objectives  
Youth Centers of Peace & Love  

To create a meeting place for youth in Moldova where they can express their opinions and 

themselves through arts and crafts. To be a place to spend your free time and to grow. Youth 

Centers of Peace & Love can function as a youth house as well as a meeting point. The place 

should be in line with the spirit of Peace & Love with diversity, fellowship, and understanding, 

and be politically independent.  

Peace & Love Chişinău  

The festival will be an event on a yearly basis, a meeting place filled with culture, music and 

thoughtfulness. It will be a forum for expressing music and new influences. An aim is also that the 

income from the festival will be given to the Youth Centers of Peace & Love. Youth Centers of 

Peace & Love could also take part in organizing and getting the youth involved in putting up the 

event.  

Goals  
Two fully functioning youth centers in Moldova as well as a yearly festival in Chişinău. 
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Appendix 2 
Biomass resource type Total production Production density 

Total land area covered by (avg. 2006-2007, km2) (avg. 2006-2007, %) 

Arable Land 18,265 54 

Permanent Crops 3,025 9 

Permanent Meadows and Pastures 3,620 11 

Forest Area 
3,299 

10 

Other Land 4,681 14 

Inland Water 960 3 

Primary crop production (avg. 2006-2007, tonne) (tonne /100 km2) 

Total primary crops (rank among 

COO) 4,431,803 (13) 13,281 (24) 

Top 10 primary crops 
    

Sugar beet 894,653 2,681 

Maize 842,593 2,525 

Wheat 546,709 1,638 

Grapes 287,978 1,594 

Potatoes 287,978 863 

Sunflower seed 267,931 803 

Apples 187,395 562 

Barley 157,554 472 

Watermelons 89,508 268 

Soybeans 81,887 245 

Animal units, number (avg. 2006-2007, number) (number / 100 km2) 

Cattle 304,791 913 

Poultry 22,383,000 67,075 

Pigs 496,248 1,487 

Equivalent animal units 727,120 2,179 

Annual roundwood production (2006-2007, m3) (m3 / 100 km2) 

Total 188,000 563 

Fuel 94,000 282 

Industrial 94,000 282 

Wood-based panels 10,000 30 

  (2006-2007, tonne) (tonne / 100 km2) 

Paper and paperboard 0 0 
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Recovered paper 0 0 

Source: Food and Agriculture Organization of the United Nations 

  
Moldova Biomass Resource Data 

 

(www.ebrdrenewables.com)  
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Appendix 3 
Stagnation diagram for Case 1 

Stagnation diagram for Case 2 
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Appendix 4 
Heat degree days and hours in Odessa, Bucharest and Budapest, three reliable weatherstations.  

Description:,"Celsius-based 5-year-average (2005 to 2009) heating degree days for a base temperature 
of 16.0C" 

Source:,"www.degreedays.net (using temperature data from www.wunderground.com)" 

Accuracy:,"Estimates were made to account for missing data" 

Station:,"Airport: Odesa, Ukraine (30.77E,46.43N)" 
Station:,"Airport: Bucuresti / Imh, Romania (26.13E,44.50N)" 
Station:,"Airport: Budapest Ferihegy, HU (19.27E,47.43N)" 

Odesa 
   

Bucuresti 
   

Budapest 
    HDD HDH 

 
  HDD HDH 

 
  HDD HDH 

Jan 509 12216 
 

Jan 482 11568 
 

Jan 507 12168 

Feb 461 11064 
 

Feb 401 9624 
 

Feb 446 10704 

Mar 369 8856 
 

Mar 290 6960 
 

Mar 350 8400 

Apr 183 4392 
 

Apr 129 3096 
 

Apr 160 3840 

May 67 1608 
 

May 44 1056 
 

May 81 1944 

Jun 14 336 
 

Jun 11 264 
 

Jun 35 840 

Jul 4 96 
 

Jul 2 48 
 

Jul 15 360 

Aug 5 120 
 

Aug 3 72 
 

Aug 21 504 

Sep 37 888 
 

Sep 35 840 
 

Sep 65 1560 

Oct 143 3432 
 

Oct 124 2976 
 

Oct 172 4128 

Nov 306 7344 
 

Nov 288 6912 
 

Nov 329 7896 

Dec 440 10560 
 

Dec 446 10704 
 

Dec 483 11592 

           Total 2538 60912 
 

Total 2255 54120 
 

Total 2664 63936 

 
 

(Degreedays, 2010)  
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Appendix 5 
The energy need in kWh for the three different house types, based on the HDH in Odesa and U-values 

as seen in result. The “Swedish” house is what was used in the calculations in the result. 

 

  HDD HDH   kWh SW   kWh MD   kWh Straw 

Jan 509 12216 
 

1806,218 
 

4629,992 
 

1473,1766 

Feb 461 11064 
 

1635,887 
 

4193,372 
 

1334,2523 

Mar 369 8856 
 

1309,42 
 

3356,517 
 

1067,9807 

Apr 183 4392 
 

649,3869 
 

1664,614 
 

529,64895 

May 67 1608 
 

237,7537 
 

609,4489 
 

193,91519 

Jun 14 336 
 

49,67987 
 

127,3475 
 

40,519592 

Jul 4 96 
 

14,19425 
 

36,38501 
 

11,577026 

Aug 5 120 
 

17,74281 
 

45,48126 
 

14,471283 

Sep 37 888 
 

131,2968 
 

336,5613 
 

107,08749 

Oct 143 3432 
 

507,4444 
 

1300,764 
 

413,87869 

Nov 306 7344 
 

1085,86 
 

2783,453 
 

885,64251 

Dec 440 10560   1561,367   4002,351   1273,4729 

         Total 2538 60912 Total house 9006,251   23086,29   7345,6232 

         

   
House, DHW 16006,25   30086,29   14345,623 

 

 

(Degreedays, 2010) 

 

 

 


