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Abstract. In 2014 – 2015 installations for hot water yield from renewable energy sources were built and tested in three dairy farms in Bulgaria. These replace 
the traditionally used electricity on farms with the aim of decarbonising the energy production. The newly built installations contain three modules for heat yield 
– from recuperation of the heat from the milked milk, from the solar energy and from wood pellets. In the course of one year the energy obtained from the 
renewable sources has been measured and assessed. The present article assesses the ecological benefits of the separate renewable sources which are used 
to reduce СО emissions, the main greenhouse gas. For this purpose, the method of environmental life cycle analysis (LCA) and assessment of heat/hot water 2 

generating systems was used. Coefficients for calculating the primary energy of the saved or replaced energy, as well as their respective carbon ratios, specific 
for Bulgaria, were used. The results obtained are related to identifying the specific quantities of saved CO  emissions from the renewable sources used on the 2

experimental farms. It has been found that about 52-57% of CO savings are due to the pellets used, 34-42% to the solar heat collectors and about 9% to the 2 

recuperated heat from the produced milk.

Keywords: dairy farms, wood pellets, solar thermal systems, milk recuperation, СО  emissions, life cycle assessment 2
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Introduction

The creation of a "green" economy is the core of a number of 
strategic documents within the EU, the most prominent of which is 
Europe 2020. Priority of the European policy in the coming years is 
the transition to a “green” economy that is environmentally friendly. 
Climate change and depletion of the planet's resources highlight the 
need for sustainable development, guaranteeing the prosperity of 
society by protecting the environment from pollution.

The Renewable Energy Directive (2009/28/EC, 2009) set a 
binding target for a 20% share of renewable energy sources (RES) in 
energy consumption in the EU. The purpose of using RES is to 
reduce greenhouse gases (GHG), the most significant of which is 
CO . In line with this goal is the decarbonisation of agriculture in 2

Bulgaria and especially dairy farms, which are the biggest source of 
greenhouse gases emmisions from livestock (Clemens and 
Ahlgrimm, 2001; Lesschen et al., 2011; Sejian et al., 2011). The latter 
heat up the necessary water for technological and household needs 
exclusively with electricity. Replacing electricity in Bulgaria with 
renewable sources always leads to a high environmental impact due 
to the relatively high emission factor from power generation. The 
average emission factor for electricity generation in the EU is 0.578 t 
CO /MWh, while for Bulgaria it is 0.906 t CO /MWh (National Report 2 2

on GHG Inventory, 2014).
Saved energy from renewable sources also has its cost from an 

environmental point of view. In order to produce eco-friendly energy 
of a certain type of RES it is necessary to use in advance materials 
and energy, which have been produced mostly by using 
conventional energy, i.e. of fossil fuel energy. The Life Cycle 

Assessment (LCA) method is the one that, in the environmental 
assessment, takes into account the entire background of the 
renewable source under consideration. One of the most frequently 
used renewable sources is the solar energy obtained from solar 
thermal systems. Various authors make an environmental 
assessment of the heat produced from solar collectors using the 
LCA method.

Under the conditions of Italy, researchers Battisti and Corrado 
(2005) made an LCA assessment of flat solar thermal collectors. 
They found that the biggest contribution to environmental pollution 
with CO emissions had the production of the collectors themselves, 2 

2as for a solar collector with a total area of 1  .68 m  it amounted to 
219.4 kg CO eq. For pipelines, heat insulation, transport and 2 

installation, a total of 3103 MJ of primary energy is used, which 
converted with the coefficient of ecological equivalent for Italy (0.79 
kg CO  per kWh) generates 681 kg CO  or 900 kg CO  per solar 2 2 2

collector. With an average solar collector life of 20 years, the annual 
LCA estimate amounts to 45 kg CO  per solar collector, with an 2

average annual heat output of 600 kWh. For a unit of heat produced 
from a solar thermal collector, the LCA estimate is 75 g CO /kWh. 2

The time to pay for the environmental impact and the energy 
payment is 5-19 months. This proves that the production of thermal 
solar energy with solar collectors is an environmentally friendly 
technology.

Researchers de Laborderie et al. (2011) also perform an LCA 
assessment of the heat obtained from solar collectors. For the 
component base of a typical solar installation with a 300-litre heat 
accumulator, the amount of CO  produced is 1080 kg. For 2

completing the solar systems, the authors plan 5g CO /L, which 2
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increases the greenhouse gas CO  of the system by only 2 kg. With 2

20 years of use, the annual assessment for adverse environmental 
impact of CO  is 54.1 kg CO  per year, which at an average annual 2 2

heat output for a solar collector of 550 kWh (for Sweden), the LCA 
estimate is 90 g CO /kWh. The time for environmental and energy 2

payment varies from 12 to 18 months.
Tsoutsosa et al. (2005) assess the clean, net emissions saved 

by solar thermal systems. According to them, the savings of CO  2

emissions from small, local solar systems amount to 1.4 kg CO /kWh 2
2of heat produced or attributable to 1 m  of solar collector per year is 

2840 kg/m  per year. Saved emissions in photovoltaic systems 
represent 0.6-1.0 kg CO /kWh of electricity produced. From the 2

assessments presented, under the conditions of Bulgaria an 
average LCA estimate of the emissions from produced solar thermal 
energy – 80 g CO /kWh can be accepted. 2

The biomass from wood has the highest share of energy from 
RES in Bulgaria  (National Action Plan for energy from renewable 
sources, 2014). Wood pellets, which are produced clean, without 
additives, successfully replace fossil fuels or electricity for hot water 
production. When burning them, they have a zero contribution to 
CO  increase, but the pellet production technologies, pellet burners 2

have already generated CO , according to the LCA estimate.2

According to Johansson et al. (2004) old wood biomass boilers 
have higher CO  emissions compared to modern pellet boilers (with 2

3 to 5 times), organic hydrocarbons (with 10 to 20 times) and solids 
(with 5 to 10 times). Indirectly, the authors define 120 g CO /kWh as 2

total CO  emissions when burning pellets in the new pellet plants. 2

The source (www.solarthermalworld.org/sites/gstec/files/news/ 
.../bulgaria_sdh-analysis 2015.pdf) examines the topic of solar 
heating in Bulgaria, where a serious attempt is made to analyze the 
technical and economic opportunities for implementation. In the 
report, the authors point to reliable data about specific carbon 
dioxide emissions of heating systems using different types of 
energies that are similar to other literature sources. For heating, 
respectively hot water production with pellet energy source, the 
specific carbon dioxide emissions, as LCA estimate, are 43 g 
CO /kWh and, given the efficiency of the pellet boilers - 0.8, these 2

emissions become 54 g CO /kWh. The conclusion is that biomass 2

heating, combined with solar heating and hot water production, are 
the most environmentally friendly engineering solutions, and the 
direct use of electricity for heating and hot water production is the 
most expensive and most environmentally unfriendly way. 

Regulation No. E-RD-04-2 (2016) is a government document 
regulating the calculation of the necessary energy in the buildings, 
including for water under the conditions in Bulgaria. It presents the 
reference values of the coefficient, taking into account the losses for 
production and transmission of energy resources and energies - ei. 
For wood pellets, briquettes and wood ei = 1.05, for electrical energy 
ei = 3. The reference values of the coefficient of an ecological 
equivalent of energy resources and energy – fi are also regulated 
there. For wood pellets, briquettes and wood fi = 43g CO /kWh, and 2

for electrical energy it is fi =819g CO /kWh, respectively.2

Chen (2009) reported that forestry has very large contribution to 
emissions in the air due to the powerful fossil-powered machinery 
used. The pellet production process is the largest energy consumer 
in the whole chain because drying, grinding and granulating are high 
energy-intensive processes. According to the same author, about 
17% of the energy of the supplied pellets is consumed for the 
production of pellets. As final assessment of the LCA method, in the 
entire pellet production and sales cycle 50.1 g CO /kWh are emitted. 2

For hot water production in dairy farms recuperation of the heat 
from the produced milk is becoming more and more popular. Sanford 

(2003) points out that using heat from milk can cover up to 50% of the 
energy required for hot water. The ecological effect of milk 
recuperation is high because it requires little extra equipment. For 
the recuperation of heat from milk, many literature sources and data 
on the amount of energy produced in these systems have been 
presented, but there are no reliable sources yet giving LCA 
assessment of the recuperation process or the recuperation plant. 
The recuperation plant for milk is similar to the solar-thermal power 
plants. As recirculation installations both have a circulation pump, a 
heat accumulator, connecting pipes and similar control automation. 
They differ only in the fact that in the recuperation of heat from milk a 
steel heat exchanger is used, while in the solar energy production – a 
solar collector with copper pipes. Everything else is similar in both 
RES. Therefore, it is assumed that the "carbon footprint" produced 
by the two systems is similar.

The production of hot water for dairy farms through renewable 
energy sources contributes to improving the quality of the 
environment and reducing the harmful gas emissions. The objective 
of the present scientific paper is to investigate and determine the 
saved CO  emissions using a combined system consisting of several 2

RES for the production of hot water in three dairy farms.

Material and methods

The object of study was a combined system, designed and built 
by the work team, for hot water production in three dairy farms: first 
for 80 dairy cows at Momino village, Plovdiv region; second for 86 
dairy cows at Dobrodan village, Lovech region and third for 50 dairy 
buffaloes at Tsar Kaloyan town, Razgrad region. The system 
consists of three modules generating heat from renewable energy 
sources. The first module utilizes the heat of the milk produced. The 
main facility in it is a plate heat exchanger (recuperator, type GEA 
WP–GEA PHE Systems NA, Inc ,USA). The latter is inserted 
between the compressor and the condenser of the refrigerating 
machine, cooling the milk. The recuperator transfers the heat from 
the refrigerant to a heat carrier that accumulates it in an 150L water 
volume. The second module is a solar thermal installation with three 

2flat selective collectors, each with an area of 2.7m . The produced 
solar energy is accumulated by an internal heat exchanger (coil) in 
the lower half of a second heat accumulator with a volume of 300L. 
The third module is a 25 kW pellet boiler and a consumer heat 
exchanger (a coil) located at the top of the second accumulator. The 
cold water enters the first heat accumulator where it is initially heated 

oto about 35-40 C by the heat of the produced milk. Heated in this 
way, the water enters the second bigger battery, where it is heated 
by the solar energy. In the absence of sufficient solar energy, the 
water at the top of the battery is additionally heated by the heat of the 

opellet boiler so as to reach the required process temperature of 65 C. 
In this way, the free energy from the milk and the sun is given priority, 
and when they are insufficient, the heat from burning the pellets is 
added.

Data for energy produced from renewable sources in the three 
farms, established by Georgiev et al. (2016) are given in Table 1.

The methods for determining the saved emissions comprise 
three main steps (Regulation No. Е-РД-04-2/2016).

1. Determining the amount of saved/replaced end energy from 
a renewable source – Qsave, by formula:

Qsave  =  Q  -  Qpomp,  kWh/y   (1)
where Q is energy produced from renewable source, kWh/y; 

Qpomp is energy used by the circulation pump/fan of the renewable 
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source, kWh/y. 
2. Determining the total amount of saved/replaced initial energy 

– Qpr:
The initial energy is calculated by using standard values of the 

coefficient, taking into account the losses for production and 
transmission of energy resources and energies.

Qpr = Qsave х ei, kWh    (2)
where Qsave is amount of end energy saved, kWh; ei is coefficient 
taking into account losses for production, transmission and 

thdistribution of the m  replaced energy resource.
3. Calculation of the saved emissions (E) of CO as a result of 2 

the introduction of renewable energy sources is done with the 
equation:

Е = (Qpr х fi)/1000, kg Co    (3)2

where Qpr is saved amount of primary energy, kWh; fi – the 
reference values of the coefficient of an ecological equivalent of 
energy resources and energy, g СО /kWh2

Results and discussion

The results obtained for saved CO emissions are given in Table 2 

2. The following coefficients and values have been adopted: ei = 3 for 
electricity from the national grid; ei = 1.05 for pellets; fi = 54 g 
CO /kWh for pellets, 80 g CO /kWh for the solar and recuperation 2 2

plant. The actual and relative values of the annual saved emissions 
by farms and types of RES are shown graphically in Figures 1, 2, 3, 
4, 5 and 6. 

Table 1. Energies produced from renewable sources in the investigated farms per year (Georgiev et al., 2016)

Farm Energy per year, kWh
Energy from solar 
collectors, kWh

Energy from pellets,
kWh

Energy from 
recuperation of milk, kWh

Momino village

Dobrodan village

Tsar Kaloyan town

11273

13668

10244

4374

4743

4405

5873

7613

5839

1026

1312

-

Table 2. Annual saved CO  emissions by farms and types of RES2

Farm

Momino village

Dobrodan village

Tsar Kaloyan town

29397

35702

26799

11364

12338

11446

2590

3346

-

15443

20018

15353

Saved СО  emissions 2

per year, 
kg

Saved СО  emissions from 2

the solar plant per year, 
kg

Saved СО  emissions from the2

recuperation plant per year,
kg

Saved СО  emissions 2

from pellets per year,
kg

The following trends and relationships are outlined in the 
analysis of data about saved CO  emissions. The saved CO  2 2

emissions by farms were as follow: Momino village - 29397 kg, 
Dobrodan village - 35702 kg and Tsar Kaloyan town - 26799 kg. They 
correspond to the saved RES energies for the same objects 
presented in Table 1: 11273 kWh, 13668 kWh and 10244 kWh, 

respectively. The ratio of the mass of saved emissions to the 
corresponding amount of energy saved, i.e. the specific energy 
savings (per 1 kWh of energy) was 2.6 kg CO /kWh on each farm. 2

Therefore, the saved CO  emissions in the investigated dairy farms 2

are proportional to the amounts of renewable energy produced.
The relative share of produced renewable energies almost 

Figure 1. Saved CO  emissions in the farm of Momino village2
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Figure 2. Relative share of saved СО  emissions in 2
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coincides with the relative share of saved CO  emissions. For 2

example, the relative share of CO  saved from the solar plant in the 2

Momino village  is 11364/29397 = 0.387 (38.7%) (Table 2, Figure 2), 
and the relative share of the solar energy produced for the same site 
is 4374/11273 = 0.388 (38.8%) (Table 1). For the dairy cow farm in 
Dobroban village the relative share of energy produced from the  
solar thermal plant is 4743/13668=0.347 (34.7%) (Table 1) of the 
total energy produced and the relative share of the saved emissions 
from the same plant is 34.6% (Figure 4). 

A well-known, though insignificant lead to a better environmental 
effect  with regard to CO  emissions is the use of wood pellets. This 2

results from the fact that the LCA estimate of pellets is slightly better 
(lower) than the other two sources (54g CO /kWh vs. 80g CO /kWh).2 2

The greatest amount of saved emissions CO  was found on the 2

farm in Dobrodan village (35702 kg/y) (Table 2), followed by the farm 

in Momino village (29397 kg/y) and the farm in Tsar Kaloyan (26799 
kg/y). Similarly, the energy produced from renewable energy 
sources (Table 1) and the quantity of milk taken on farms are ranked 
(Georgiev et al., 2016). These trends show that, with higher milk 
yields, more CO  emissions are saved when replacing electricity with 2

renewable energy sources.

Conclusion

Renewable energy sources used in the surveyed dairy farms 
leads to specific CO  emissions savings of the order of 2.6 kg 2

CO /kWh. This quantity is significant and shows that there is a strong 2

potential for saving CO  emissions on Bulgarian dairy farms. In this 2

aspect, it is advisable to make hot water production for dairy farms 

Figure 3. Saved СО  emissions in the farm of Dobrodan 2

village
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Figure 5. Saved СО  emissions in the farm of Tsar 2

Kaloyan town
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entirely from RES, which will significantly improve the purity of 
ambient air and reduce CO  emissions into the environment. The 2

relative shares of energies produced from the studied renewable 
sources are almost no different from the relative shares of the saved 
emissions. Therefore, the RES used have an equivalent 
environmental effect in terms of CO . The heat obtained from the 2

milk recuperation module is promising, highly eco-friendly and 
energy-saving, due to the utilization of heat released into the 
environment. LCA method used of applied RES in combination with 
the national coefficient (ei) taking into account losses for production, 
transmission and distribution of the energy resource gives a good 
opportunity to objectively calculate the saved CO  emissions in the 2

energy installations.
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Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
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appendices)
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methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
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Names and affiliation of authors
The names of the authors should be 
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complete address and name of the 
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affiliation of authors are designated by 
different signs. For the author who is going 
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and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
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research. Abbreviations and references to 
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but giving the essence of study. 
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necessitated the research problem, 
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hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
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A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
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(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
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come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
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year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
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resources, Second edition. DLO Institute 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
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Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
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Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
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The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

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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