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Plenary Lecture 1 
 

Changes in Domestic Hot Water Heating Load and its Impact on District Heating Network 
Design 

 

 
 

Professor Teet-Andrus Koiv 
Department of Environmental Engineering 

Tallinn University of Technology 
Estonia 

Email: teet.koiv@ttu.ee  
 

Abstract: The presentation gives an overview of the studies in the field of domestic hot water (DHW). In Eastern 
Europe instantaneous heaters are widely used for DHW heating. Over the past 20-25 years there has been a 
significant change in DHW consumption. The changes have been so great that new dimensioning methodology is 
needed. This necessity was also stated by other investigators. The developed methodology allows to reduce the 
capacity of instantaneous DHW heaters in residential and public buildings by up to two times. In Eastern European 
district heating (DH) systems, DHW heating in substations with instant water heaters is fairly common. In this study 
the calculation method takes into account this type of DHW production, that is DHW production in instant water 
heaters. The optimal calculation methodology of DH network dimensioning requires the use of the probability of 
domestic hot water consumption that is close to reality. Long-term studies conducted in Estonian conditions have 
shown that the probabilistic hot water consumption of apartment buildings can be determined depending on the 
number of apartments or bathrooms. According to the new calculation methodology in tree-shaped DH networks, the 
flow rates are lower and thus it is possible to choose pipes with smaller diameters compared to the old calculation 
methodology. Studies show that the thermal network cost is reduced by approximately 12% using the new calculation 
method. The reduced cost of a new boiler plant with the new calculation method is about 45% lower. By the new 
calculation method, the reduction of the heat energy losses of the DH network is nearly 2%. The comparison of the 
new and old dimensioning methods shows that the new method reduces the pumping cost by about 43%. 
  
Brief Biography of the Speaker: T.-A.Koiv received his M.Sc. in Thermal Engineering from the Tallinn University of 
Technology and the PhD at the Institute of Civil Engineering of St Petersburg in Heating, Heat Supply, Ventilation and 
Air Conditioning in 1978. Since 2003 he has been Full Professor of the Chair of Heating and Ventilation at the Tallinn 
University of Technology, Estonia. He has read several courses in the field of Thermal Engineering, Heat Supply, 
Heating, Ventilation and Air Conditioning, Renovation of HVAC systems at the Tallinn University of Technology. At 
present he supervises 5 PhD students. Prof T.-A.Koiv has 18 inventions and patents in the field of Heating and Heat 
Supply. He is an active researcher in the field of energy efficiency, indoor climate and building service systems. He is 
the author of the 10 books and textbooks. T.-A. Koiv has published more than 150 papers in books, journals and 
conference proceedings. Prof. Koiv has received REHVA Professional Award for energy efficiency of buildings 
(2013), T.-A.Koiv is REHVA Fellow (2014). He is vice dean (in the field of science) of the Civil Engineering Faculty of 
the Tallinn University of Technology and head of several projects (Development of efficient technologies for air 
change and ventilation necessary for the increase of energy efficiency of buildings, Decreasing the consumption of 
heat energy by awareness rising and performance of consumers based on measurements of individual heating costs, 
New international master program “Energy Efficiency of Buildings”, Energy Auditing and Certification of Buildings, 
Doctoral School of Civil and Environmental Engineering). He is a member of CBI and WSSET. He has been reviewer 
of Journals and member of Scientific Committee of Conferences. He has had 3 Plenary Lectures on WSEAS 
conferences. He is a peer reviewed doctoral theses. T.-A.Koiv is Chairman of the thesis defense board of Energy 
Efficiency of Buildings, Member of Board of Open University of Tallinn University of Technology. His research and 
activity has made significant impact to national scientific and engineering communities. 
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Plenary Lecture 2 
 

Product and Process Innovation in the Portuguese Footwear Industry 
 

 
 

Associate Professor Nelson Duarte 
School of Management and Technology of Felgueiras 

Polytechnic of Porto 
Portugal 

E-mail: nduarte@eu.ipp.pt  
 

Abstract: This paper addresses the issue of product and process innovation in the Portuguese footwear industry. 
The main goal is to analyse the product and process innovation, their relation and the relation with other types of 
innovation in firm’s daily management. The analyses were based in the results of the Community Innovation Survey 
(CIS). The main conclusions identified a low propensity to innovation and when it exists is mainly at the product and 
process level. It was also verified that when companies adopt an innovation strategy, it means that the company 
presents an innovative culture at all organizational levels. 
  
Brief Biography of the Speaker: Associated Professor at School of Management and Technology of Felgueiras, 
Polytechnic of Porto.  Researcher at Centre for Transdisciplinary Development Studies and at Centre for Research 
and Innovation in Business Sciences and Information Systems.  International Relations Office Coordinator at School 
of Management and Technology of Felgueiras. PhD in Management and Master Economic and Management 
Sciences. Main research areas are entrepreneurship/innovation, strategy, sustainability and family firms.  Coordinator 
and team member of several national and international projects. Main teaching subjects: management, strategy, 
innovation and entrepreneurship. 
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	Energy Values of Unprocessed Biomass, Charcoal and other Biomass Fuels and their role in Greenhouse Gas Mitigation and Energy Use
	Keith Openshaw
	Abstract. The energy value of biomass depends on its carbon and hydrogen contents, its non-combustibles and the water content.  For unprocessed biomass, namely wood, residues and dung, the C and H contents are more or less constant for each group of f...
	Key words. Biomass energy content; biomass energy determination; RE source; GHG reduction.
	Introduction
	For some people, there is confusion regarding the energy values of biomass.  For example in the publication Firewood Crops, National Academy of Sciences (NAS). 1980 [1] some species of wood are stated to have ‘high’ energy values and others ‘low’ ener...
	The energy value of processed and unprocessed biomass depends on three factors, the carbon (and hydrogen) content, the moisture content and the content of other non-energy releasing elements such as silica, usually defined as the ash content.  The les...
	2  Phyllis
	This publication gives a ‘rule of thumb’ to determine high heat and low heat energy values for groups of unprocessed biomass, namely wood, crop residues and dung and charcoal from unprocessed biomass.  There is a resource called Phyllis, Energy Resear...
	However, at the same moisture content, the density and energy value of wood can vary by site, age and the percentage of bark. Therefore, even for a single species, there can be a range of energy values, e.g. eucalyptus spp. Chapola G.B.J. Ngulube M.R....
	Regarding crop residues, not all the kinds of residues used by the various sectors, especially households, are listed in Phyllis and even though cow manure is given, in the tropics, especially in India, it is prepared as fuel by mixing it with straw a...
	For all these reasons, the rule of thumb calculations given in this paper are a good approximation for government departments, surveyors and planners etc., especially since many field measurements on which energy values are determined contain measurem...
	3  Energy Values of Biomass
	Many publications specify calorific value when referring to the energy content of biomass etc., but give it in Joules not calories. This publication prefers the term energy value to avoid confusion.  Table 1 gives the “low heat” energy values of wood,...
	The ash content in crop residues varies considerably depending on the type of residues.  In coconut shells it is about 1 percent whereas in rice husks it can be up to 20 percent.  Table 2 gives the ash content of different residues.  The ash content o...
	Table 1.  Energy Values of Plant Biomass and Dung at Different Moisture & Ash Contents1.
	Units: MJ kg-1. (Low heat value)2.
	Note. 1.  This is a straight-line relationship (energy value/mc [wb]).  Thus, the value at any moisture content can be calculated and/or read from a graph (below).  At a wbmc of between 86 and 89 percent the low heat value for all biomass is zero; tha...
	2. One (1) MJ =239 kcal or 948 Btu.  1 kcal = 4.187 kJ.  1Btu = 1,055 J.  1 J = 1 W; 1 kWhr = 3.6 MJ.
	3.  The formula for measuring moisture content (MC) is as follows:
	Dry basis.  Wet weight – Dry weight/Dry weight. The dry basis MC can be greater than 100%.
	Wet basis.  Wet weight – Dry weight/Wet weight.  This MC cannot be greater than 100%.
	The formula for converting from dry to wet is: D (%)/[1 + D%/100] = W%.  W%/[1 – W%/100] = D%.
	4. The ash content is measured on a dry basis; therefore the percentage of ash in the fibre remains constant irrespective of moisture content
	Source. Openshaw K. 1986 [5].
	The different energy values in Table 1 can be calculated using the formula: Y1 = Y2 – C(X1-X2), where:
	X1 = the moisture content (wb) in percent of the unknown energy value; X2 = the moisture content (wb) in percent of a known energy value;
	Y1 = the energy value in MJ kg-1 to be determined; Y2 = the known energy value in MJ kg-1;
	C  = a constant at a specific ash content, representing the negative slope of the line.
	C is determined from knowing two energy values. E.g. at 50% mcwb, wood with a 1% ash content has an energy value of 8.1 MJ kg-1. At 0% mcwb, its energy value is 18.7 MJ kg-1. The slope of the line C = minus (18.7 – 8.1)/(50 - 0) = minus 0.212
	This formula can be applied to determine any (biomass) energy value at different ash and moisture contents, provided two values are known so that C can be determined. The constants for the crop residues in Table 1 are respectively minus 0.190; 0.182; ...
	The low heat energy value at different ash and moisture contents has been calculated as follows.  The average high heat value for bone-dry wood, crop residues and dung was determined on an ash free basis. For wood it is 20.2 MJ kg-1, for crop residues...
	As stated above, the difference between high and low heat values is approximately 1.3 MJ kg-1 of biomass at zero moisture content.  This amount was deducted from the high heat value to obtain the low heat value, namely 18.9, 17.5 and 21.3 MJ kg-1 resp...
	As a group, coniferous species have slightly higher energy contents than broadleaves, because of their resin content.  It may be up to 5 percent greater than the average, but the errors involved in estimating the moisture and ash contents may negate c...
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