
ISSN 1313 - 8820
Volume 8, Number 3

September 2016

2016



Scope and policy of the journal
Agricultural Science and Technology /AST/ 
– an International Scientific Journal of 
Agricultural and Technology Sciences is 
published in English in one volume of 4 
issues per year, as a printed journal and in 
electronic form. The policy of the journal is 
to publish original papers, reviews and 
short communications covering the 
aspects of agriculture related with life 
sciences and modern technologies. It will 
offer opportunities to address the global 
needs relating to food and environment, 
health, exploit the technology to provide 
innovative products and sustainable 
development. Papers will be considered in 
aspects of both fundamental and applied 
science in the areas of Genetics and 
Breeding, Nutrition and Physiology, 
Production Systems, Agriculture and 
Environment and Product Quality and 
Safety. Other categories closely related to 
the above topics could be considered by 
the editors. The detailed information of the 
journal is available at the website. 
Proceedings of scientific meetings and 
conference reports will be considered for 
special issues.

Submission of Manuscripts

All manuscripts written in English should 
be submitted as MS-Word file attachments 
via e-mail to editoffice@agriscitech.eu. 
Manuscripts must be prepared strictly in 
accordance with the detailed instructions 
for authors at the website 
www.agriscitech.eu  and the instructions 
on the last page of the journal. For each 
manuscript the signatures of all authors 
are needed confirming their consent to 
publish it and to nominate on author for 
correspondence.
They have to be presented by a 
submission letter signed by all authors. 
The form of the submission letter is 
available upon from request from the 
Technical Assistance or could be 
downloaded from the website of the 
journal. Manuscripts submitted to this 
journal are considered if they have 
submitted only to it, they have not been 
published already, nor are they under 
consideration for publication in press 
elsewhere. All manuscripts are subject to 
editorial review and the editors reserve the 
right to improve style and return the paper 

for rewriting to the authors, if necessary. 
The editorial board reserves rights to reject 
manuscripts based on priorities and space 
availability in the journal.
The journal is committed to respect high 
standards of ethics in the editing and 
reviewing process and malpractice 
statement. Commitments of authors 
related to authorship are also very 
important for a high standard of ethics and 
publishing. We follow closely the 
Committee on Publication Ethics (COPE),
http://publicationethics.org/resources/guid
elines
The articles appearing in this journal are 
indexed and abstracted in: DOI, EBSCO 
Publishing Inc. and  AGRIS (FAO).
The journal is accepted to be indexed with 
the support of a project № BG051PO001-
3.3.05-0001 “Science and business” 
financed by Operational Programme 
“Human Resources Development” of EU. 
The title has been suggested to be 
included in SCOPUS (Elsevier) and 
Electronic Journals Submission Form 
(Thomson Reuters).

Address of Editorial office:
Agricultural Science and Technology 
Faculty of Agriculture, Trakia University 
Student's campus, 6000 Stara Zagora 
Bulgaria
Telephone.: +359 42 699330

+359 42 699446
www.agriscitech.eu

Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: editoffice@agriscitech.eu

Editor-in-Chief

Georgi Petkov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Co-Editor-in-Chief

Dimitar Panayotov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breeding

Tsanko Yablanski (Bulgaria)
Atanas Atanasov (Bulgaria)
Nikolay Tsenov (Bulgaria)
Max Rothschild (USA)
Ihsan Soysal (Turkey)
Horia Grosu (Romania)
Bojin Bojinov (Bulgaria)
Stoicho Metodiev (Bulgaria)
Svetlana Georgieva (Bulgaria)

Nutrition and Physiology

Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)

Production Systems

Radoslav Slavov (Bulgaria)
Dimitar Pavlov (Bulgaria)
Bogdan Szostak (Poland)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)

Agriculture and Environment

Ramesh Kanwar (USA)
Martin Banov (Bulgaria)
Peter Cornish (Australia)

Product Quality and Safety

Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)
Roumiana Tsenkova (Japan)

English Editor

Yanka Ivanova (Bulgaria)



2016

ISSN 1313 - 8820 Volume 8, Number 3
September 2016



Production Systems

Study on energy flows of renewable sources for producing hot water on dairy farms

1Depertment of Agricultural Engineering, Faculty of Agriculture,Trakia University, 6000 Stara Zagora, Bulgaria
2Department of Animal Science – Ruminants and Dairy Farming, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
3Bioselena Foundation for Organic Agriculture, Bulgaria
4Royal Norwegian Society for Development, Norges Vel, Norway

(Manuscript received 10 May 2016; accepted for publication 2 August 2016)

1 1 1 2 3 4 4R. Georgiev , K. Peychev , D. Georgiev , R. Slavov *, S. Apostolov , J. Ellingsen , J. Tønnesen

Abstract. A system for producing hot water in three dairy farms has been designed and built. It consists of three modules of renewable energy sources - solar 
thermal installation, heating boiler on wood pellets and recuperative unit for utilizing heat from the milked milk. For storage of the heated water two thermal 

°batteries are used. One of the thermal batteries is a low temperature one (40 С) and is designed to utilize energy from milk, the other one is high-temperature 
°(80 С) and is designed to accumulate solar energy and energy from the pellet boiler. The year-round operation of the system on three different farms has been 

examined. For every month results were obtained about the relative share of each of the renewable energies. Each system produces annually respectively 
11273 kWh, 13668 kWh and 10244 kWh of energy to heat water. The share of solar energy is between 34.7 – 43.0% in annual terms, in summer it reaches 85-
95%. The share of energy from pellets per year is 52 – 57%, in winter it reaches 65 – 96%, while the share of utilized energy from milked milk averaged 9.5% 
annually.
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AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 8, No 3, pp 205 - , 2016
DOI: 10.15547/ast.2016.03.038

208

Introduction (Winfield, 1988; Sanford, 2012; DeLaval, 2015). Sanford (2003) 
states that through the utilized heat of milk up to 50% of the energy 
required for hot water can be covered. The author recommends The ever increasing requirements for purity and quality of milk 
dividing the heat batteries – one for preheating water from heat from impose increased costs for hot water on dairy farms. According to 
milk and another battery to heat water to the desired process Bulgarian legislation it is necessary to provide conditions for 
temperature. Specialized companies for milking equipment washing and disinfection of milking inventory (Decree No.44, 2006). 
(DeLaval, 2015) also offer two similar thermal batteries. According to To achieve high level of sanitation it is necessary all dairy pipelines 
DeLaval (2015), the temperature to which the incoming cold water and facilities /milking equipment, pumps, tanks and coolers for milk/ 
can be heated is 50°C. This shows that the water heated in the be washed, disinfected and rinsed with washing solutions and hot 
utilization should then be further heated to the required process water. Hot water is needed in the technological process of dairy 
temperature. To realize the utilization process the use of a plate heat farms as well - to wash udders of cows, in the system for feeding 
exchanger refrigerant-water type is recommended (DeLaval, 2015). calves, for washing dishes, strainers and filters, as well as for 
The investment for utilizing the heat of milk is profitable and is repaid sanitation of the workers on the farm. According to Sanford (2003, 
for about 5 years (Agriculture, 2012).2012) and Pressman (2011), the energy required for hot water on 

The objective of this scientific work is to develop, test and dairy farms amounts to about 25 – 27% of the total energy 
analyze a combined system for production of hot water from consumption of the farm. Upton et al. (2010) reported that 31% of the 
renewable energy sources on dairy farms and to examine the electricity consumed on dairy farms is for hot water, this energy 
relative share of the separate energy flows.consumption ranking second, after the energy for cooling milk. Costs 

for hot water rank eighth in the total costs of dairy farms and continue 
to grow (Buffington, 2011). Trimble (2012) considers that 350 kWh 

Material and methodsenergy is needed for a diary cow, of which about 40% for hot water. 
According to the author, a well-designed solar installation for hot 
water should supply up to 50% of the average annual hot water For the purpose of study is the designed and built system for 
needs. The investment for solar thermal installation is appropriate production of hot water on three dairy farms: Momino selo village, 
and is paid for about 12 years for the climate zone of Great Britain. In Plovdiv region, 80 dairy cows; Dobrodan village, Lovech region, 86 
Victoria, USA flat solar collectors cover 43% of the hot water needs dairy cows; town of Tsar Kaloyan, Razgrad region, 50 dairy buffaloes 
of farms and vacuum tube collectors 49% (Agriculture, 2012). (Figure 1). The system consists of three modules that generate heat 

An effective mechanism and reliable source to reduce energy from renewable energy sources (Figure 1). One module utilizes heat 
for production of hot water is the utilized energy of the milked milk of the milked milk. The main facility in it is a plate heat 
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exchanger/recuperator type GEA WP. The latter is built between the where Q is the amount of energy of the relevant source, kWh; 
compressor and condenser of the cooling machine that cools milk. m  is the amount of flow passed (coolant) for a unit of time, kg; c  is w w

The recuperator transfers heat from the refrigerant to the coolant, specific heat capacity of the coolant (in this case the coolant is also 
which accumulates it in water volume of 150 l. The second module is water), 4.19 kJ/kg°С; t is temperature of coolant at the inlet to the 1 

a solar thermal installation with three flat-plate collectors, each with relevant battery, °С; t is temperature of coolant at the outlet of the   2 
2an area of 2.7 m . The produced solar energy is accumulated battery, °С.

through internal heat exchanger (a coil) in a second heat To measure fluid flows and temperatures flow meters and 
accumulator with volume of 300 l. The heat exchanger is located at thermometers have been installed. Their values have been used to 
the bottom of the battery, which allows to heat the entire volume. The determine the obtained amounts of energies for the time of study.
third module is a heating system with pellet boiler (25kW/) and a 
consumer heat exchanger (a coil) situated at the top of the second 
battery. This allows quick heating of the water at the top of the 

Results and discussionsecond battery. The technology for heating water is as follows. Cold 
water enters the first heat accumulator where it is initially heated to 

The constructed systems for production of hot water on the about 35 – 40°C by the heat of the milked milk. So heated, the water 
dairy farms in Momino selo village, Dobrodan village and the town of enters the second larger battery, where it is heated by the solar 

energy. In the absence of sufficient solar energy, the water in the 
upper part of the battery is further heated by the heat of the pellet 
boiler, so as to reach the necessary technological temperature of 
65°C. This favors the free energies of milk and the sun and when 
they are insufficient, then heat from pellets is added.

Due to the small milk yield on the buffalo farm in the town of 
Kaloyan and the remoteness of the milk cooling tank from the system 
for production of hot water, the system is reduced to two modules - 
solar installation and heating installation with a pellet boiler. In this 
case the battery is only one, that of 300 l.

The measurement of energies from the specified energy 
sources is based on the first law of thermodynamics:

Q  =  m  c  (t  – t )/ 3600, kWh w w 1 2 
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Figure 1. Schematic diagram of the system for production of hot water
Legend: 1 – compressor of the refrigeration unit, 2 – condenser, 3 – heat exchanger/recuperator, 4 – thermal battery 150 l, 
5 – circulation pump, 6,13,21,23 – one-way valve, 7 – check valve, 8 – expansion tank for the recuperator module, 
9 – thermal battery 300 l, 10 – solar collectors, 11 – circulation pump for the solar module, 12 – differential control 
thermostat, 14 – expansion tank for the solar module, 15 – automatic air vent, 16 – drainage, 17 – heating boiler, 18 – 
pellet burner, 19 – pellet screw, 20 – circulation pump for the heating boiler, 22 – circulation pump on the bypass 
connection of the heating boiler, 24 – expansion tank for the heating boiler, 25 – thermal and hydraulic protection, 26 – 
power breaker

Figure 2. Annual production of energy for hot 
water (kWh) in investigated dairy farms
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Tsar Kaloyan during the tested year produce energy, respectively months /for the conditions of Bulgaria these are the months from 
11273 kWh, 13668 kWh и 10244 kWh (Figure 2). During the typically November to March/ when its relative share varies from 78.9 to 
winter months - December, January and February, solar modules 96.3% of the total energy needed for hot water. Transitional months 
provide a small share of the total energy – from 2.4 to 10.6%. For the can be considered April and October. For these months the share of 
summer months (from May to September) they provide hot water 75 energy from pellets fluctuates within 63.5 – 71.5% and the average 
– 95%, the average annual production being 38.8% (Momino selo amounts to 67.3%. The noted higher levels of energy from pellets 
village) and 34.7% (Dobrodan village) (Figure 3). In the two-module are with no module for utilizing the heat from milk. The average 
system for production of hot water /with no recuperation module – annual share of energy from pellets for the dairy farms in Momino 
(Tsar Kaloyan), the production of solar energy is 43% and is by about selo village, Dobrodan village and the town Tsar Kaloyan during the 
7% on average higher than the three-module systems. That is due to studied year are 52.1%, 55.7% and 57.0%, respectively. There have 
the lower temperature potential of the water entering the only days in which simultaneous production of heat from the sun and from 
thermal battery. Therefore, the share of solar energy in the three- the pellet boiler takes place, which indicates that the system is 
module systems can be higher is there is no preliminary heating of designed well and functions rationally and effectively.
water by the recuperative module. This is especially visible in The relative share of heat produced from milk (Figure 5) has 
summer when solar energy production could reach 100 %, but the relatively constant value. The average value of that share is around 
already utilized energy from the milk reduces that share. The results 9.5%. During the winter months this share decreased slightly and is 
correspond to the data for production of solar energy published by within 7.9 – 8.5%. This is due to the larger heat losses along the milk 
other authors (Trimble, 2012; DeLaval, 2015). route and the coolant route. The relatively low share of heat 

The energy produced by pellets is needed especially in the produced from milk is accounted for by two factors - the long tubing 
months with less sunshine (Figure 4), i.e. in the typically winter /installations are built on existing sites/ along which some of the 

Figure 3. Share of solar energy by farms and months, %
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Figure 4. Share of energy from pellets by farms and months, %
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produced energy from milk is lost and the competing effect of solar quality for Bulgarian dairy farms” on the “Program for green 
energy in the summer. That effect occurs during the warmest innovation in the industry” and the courtesy of Innovation Norway 
summer months when temperature of hot water in the big and Norgesvel.
accumulator achieved by the solar energy becomes about 80°C and 
due to technological considerations has to be mixed with cold water.
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Figuer 5. Share of utilized energy from milk by farms and months, %
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responsible for incorrect quotes of 
reference sources and the relevant 
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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