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The need for 
Low-Carbon 
Production

Chapter 1 describes the elements of Low-Carbon Production, the 

relevant International conventions, and legal requirements in Serbia. 

Low-carbon technologies in industry are essential to achieve the EU’s 

climate and energy targets. The targets are defi ned in the 2020 package, 

2030 framework, and 2050 roadmaps. These targets form the overall 

framework for the defi nition of strategies for the diff erent industrial 

sectors.
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1.1  Legal background

The 2020 Climate and Energy package is a set of binding legislation to ensure that the Europe-

an Union (EU) meets its climate and energy targets for the year 20201. The targets were set by EU 

leaders already in 2007 and were introduced into legislation in 2009.

The package sets three key targets:

20% cut in greenhouse gas (GHG) emissions (from 1990 levels);
20% of EU energy from renewables;
20% improvement in energy effi  ciency.

These targets are also refl ected in the Europe 2020 strategy for smart, sustainable and inclusive 

growth.

The 2030 Climate and Energy framework builds on the Climate and Energy package. It was 

adopted in 2014. It sets three key targets for the year 2030:

At least 40% cuts in GHG emissions (from 1990 levels);
At least 27% share for renewable energy;
At least 27% improvement in energy effi  ciency.

These targets describe the perspective set out for moving to a competitive Low-Carbon economy 

in 2050, as described in the Energy Roadmap 2050 (2012)2 and the Transport White Paper (2011)3. 

These documents contain a binding target to cut emissions in the EU by at least 40% below 1990 

levels by 2030. This will enable the EU to take cost-eff ective steps towards its bold vision of cut-

ting emissions by 80-95% by 2050 making a fair and ambitious contribution to the Paris Agree-

ment as a group.

To achieve the 40% target the EU emissions trading system (ETS) sectors would have to cut emis-

sions by 43% compared to 2005 and non-ETS sectors need to cut emissions by 30% compared to 

2005. At the same time, the framework sets a binding target at EU level to increase the share of re-

newables to at least 27% of EU energy consumption by 2030.

Its Low-Carbon Economy Roadmap suggests that4:

By 2050, the EU should cut GHG emissions to 80% below 1990 levels;
Milestones to achieve this are 40% emissions cuts by 2030 and 60% by 2040;
All sectors need to contribute;
The low-carbon transition is feasible & aff ordable;
Energy intensive industries could cut emissions by more than 80% by 2050.

Up to 2030 and just beyond, CO
2
 emissions would fall gradually through further decreases in en-

ergy intensity.

1  https://ec.europa.eu/clima/policies/strategies/2030_en

2  https://ec.europa.eu/energy/sites/ener/fi les/documents/2012_energy_roadmap_2050_en_0.pdf

3  https://ec.europa.eu/transport/sites/transport/fi les/themes/strategies/doc/2011_white_paper/white-paper-illustrated-broc-

hure_en.pdf

4  https://ec.europa.eu/clima/policies/strategies/2050_en
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After 2035, carbon capture and storage technology would be applied to emissions from indus-

tries unable to make cuts in any other way (e.g. steel, cement). This would allow much deeper 

cuts by 2050.

The roadmap concludes that the transition to a low-carbon society is feasible and aff ordable, but 

requires innovation and investments. The European Commission (EC) is looking at cost-effi  cient 

ways to make the European economy more climate-friendly and less energy-consuming.

This transition would have multiple benefi ts:

The development of clean technologies and low- or zero-carbon energy will bring growth 

 and green jobs;

It will help Europe reduce its use of key resources like energy, raw materials, land and water; 

It will make the EU less dependent on expensive imports of oil and gas bringing health 

 benefi ts through reduced air pollution.

In Serbia, energy effi  ciency in fi nal energy consumption and energy sources are regulated by two 

laws: 

The Energy Law (“Offi  cial Gazette of the Republic of Serbia”, no. 145/2014) and 

The Effi  cient Use of Energy Law (“Offi  cial Gazette” no. 25/2013). 

Through these two laws the requirements of the EU-Directive 2006/32/EC on energy effi  ciency 

of fi nal consumption and energy services (ESD) have been transposed. In 2012, ESD was replaced 

by the Directive 2012/27/EU on Energy Effi  ciency (EED). The implementation, for the signatories 

of the Contract of Energy community establishment, started at the end of 2017, in accordance to 

the decision of the Ministerial Council (D/2015/08/MC -ENC) from October 2015. The decision de-

fi nes the terms and requirements for the performance of particular EED regulations as a basis for 

implementation for EU members. Even though the direct implementation of the Directive in Ser-

bia has not been made yet, the aforementioned laws, primarily the Effi  cient Use of Energy Law 

(“Offi  cial Gazette” no. 25/2013), are largely compliant with its requirements.

In addition to these laws, energy effi  ciency in the building sector is regulated by the Law on Plan-

ning and Construction (“Offi  cial Gazette of the Republic of Serbia”, no. 72/2009, 81/2009 - corr., 

64/2010 - decision, 24/2011, 121/2012, 42/2013 - decision, 50/2013 - decision, 98/2013 - decision, 

132/2014 and 145/2014) and the related bylaws:

Regulations on energy effi  ciency of building construction (“Offi  cial Gazette of the Republic of 

 Serbia” No. 61/2011); 

Regulations on the conditions, content and manner of issuing certifi cates of energy 

 performance of buildings (“Offi  cial Gazette of the Republic of Serbia”, no. 69/2012).

The Action Plan for Energy Effi  ciency (APEE) is the document used to plan and implement ener-

gy effi  ciency in accordance with Article 7 of the Effi  cient Use of Energy Law in Serbia. The 3rd ac-

tion plan for energy effi  ciency for the period from 2016 to 2018 (“Offi  cial Gazette of the Republic 

of Serbia”, no. 1/17) (3rd APEE) was adopted by the Government in late 2016. It was prepared in a 

format that was defi ned in a stakeholder process in accordance with the requirements of Direc-

tive 2006/32/EC, but also included a number of elements concerning the future implementation 

of Directive 2012/27/EU. 
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The 3rd APEE comprises: 
National goals for energy savings for the period of 2016-2018;
Measures for the effi  cient use of energy, responsibilities, and monitoring of the expected 

 results of each of the measures to achieve the set goals;
Financial, legal and other instruments envisaged for implementation of the planned measures 

 and activities;
Indicators to monitor the realization of the planned energy saving goals from the previous 

 Action plan (for the period 2010-2015).

The Effi  cient Use of Energy Law envisages the introduction of an energy management in the in-

dustrial sector and in the area of buildings. Especially in the building sector signifi cant savings 

are expected. The Law also prescribes the implementation of mandatory energy audits at certain 

entities together with a frequency for renewal (minimum once in fi ve years for obliged entities 

in the industrial sector, and once in ten years for the obliged entities in the area of building con-

struction). It also requires a system of training and licensing certifi ed energy managers and en-

ergy advisors who will report to the competent Ministry through mandatory annual reports (en-

ergy managers) and implement mandatory energy audits (energy advisers). The introduction of 

Energy management systems is considered as the basic measure for improving energy effi  ciency 

in all sectors of energy consumption and therefore it is specifi ed as a special measure in addition 

to the measures included in the 3rd APEE.5

The relevant institutions and their roles in the Energy Management scheme in Serbia are present-

ed in Figure 1.

5  Program of Implementation of the Energy Sector Development Strategy of the Republic of Serbia for the period to 2025 year 

with projections to 2030, National Gazette of Republic of Serbia, No. 104/2017

Genić, S., Stamenić, M., Živković, B., Čantrak, Đ., Nikolić, A., Brdarević, Lj.: Manual for training of energy managers for industrial sector 

within System of Energy Management in Republic of Serbia, Ministry of Mining and Energy, Republic of Serbia, University of Bel-

grade, Faculty of Mechanical Engineering, Belgrade 2017

Figure 1: 
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1.2 Energy sources in Serbia

At present, coal is the most commonly used fuel in Serbia. It is used for heating and for electrici-

ty generation in coal fi red power stations. As coal is a high carbon fuel as compared to fuel oil or 

natural gas, the Serbian industrial production has high carbon intensity.

The electricity consumption in Serbia is 28 % of the total energy consumption. The power indus-

try in Serbia is managed by the state owned company Energy Power Industry of Serbia (EPS) and 

the Transmission System and Market Operator of Serbia (EMS). Business activities of EPS comprise 

electricity generation, combined heat and power generation, coal production for electricity gen-

eration, distribution and distribution system control. In 2017, 35,292 GWh of electricity were pro-

duced. The capacities for electricity production managed by EPS are 7,330 MW (22 thermal pow-

er units in 6 thermal-power plants, 51 hydro-power units in 16 hydro-power plants and 16 small 

hydro-power plants). In the thermal-power plants of EPS, about 70 percent of electricity is pro-

duced, and about 30 percent are generated from 16 hydro-electric power plants. The electrici-

ty tariff s in Serbia are controlled to the lowest level in Europe. The emission factor for electricity is 

1.099 t CO2/MWh according to the Energy Strategy of Serbia.

1.3 Circular economy

In a circular economy, the value of products and materials is maintained for as long as possible. 

Waste and resource use are minimised, and when a product reaches the end of its life, it is used 

again to create further value. This can bring major economic benefi ts, contributing to innovation, 

growth and job creation6. The concept of a circular economy is based on three principles:

Design out waste and pollution;

Keep products and materials in use;

Regenerate natural systems.

Circular economy requires working eff ectively at all scales – on the enterprise level as well as the 

regional or national levels.

The link of circular economy and Low carbon strategies is given in more detail in the following 

chapters:

Chapter 3: Energy effi  ciency measures for the food sector;

Chapter 4: Emerging technologies which have the potential to reduce energy consumption 

 in the food sector;

Chapter 5: By-products of the food sector to use waste as raw material and energy source;

Chapter 6: Green energy sources;

Chapter 7: Chemical Leasing as a new business model, replacing the sales of chemicals by 

 paying for the function they provide.

6  https://ec.europa.eu/growth/industry/sustainability/circular-economy_en
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1.4 Suggestions in chapter 1

The checklist below summarizes potential activities for an industry out of chapter 1.

Opportunity Relevant

Familiarize yourself with laws, by-laws, and other legal requirements which are 

relevant for your organization. Familiarize yourself with the concepts of Low 

Carbon and Circular economy



Establish a system to document legal obligations and update it regularly. This 

can be as simple as an MS Excel worksheet.
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Low-Carbon 
Production 
methodology in the 
meat and dairy 
production chain

Chapter 2 starts from explaining the carbon footprint of an organization, 

identifying the baseline and showing how to reduce the carbon foot-

print with the PDCA management cycle. It summarizes relevant standar-

ds for energy audits (Management commitment, policy, team, educati-

on, awareness) and gives hints for their practical implementation. It also 

describes the approach of carbon footprinting and presents a detailed 

approach to monitoring and controlling energy consumption.
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2.1 Low-Carbon energy supply as a goal

Low-carbon power comes from processes or technologies that produce power with substantial-

ly lower amounts of carbon dioxide emissions than is emitted from conventional fossil fuel pow-

er generation. It includes Low-Carbon power generation sources such as wind power, solar pow-

er, hydropower and nuclear power.

The most cost eff ective approach to reducing the carbon intensity of industries is energy effi  -
ciency. This means reducing wasteful use of energy, minimizing losses from generation, distribu-

tion and optimizing its use. Carbon neutrality also implies that some remaining carbon dioxide 

emissions could be compensated by the same amount of carbon dioxide uptake e. g. by forma-

tion of soil.

2.2 The Carbon Footprint

2.2.1 What is the Carbon Footprint

The Carbon Footprint is the GHG emissions caused directly and indirectly by an individual, orga-

nisation, event or product. It is expressed as a carbon dioxide equivalent (CO
2e

). To reduce an or-

ganisation’s GHG emissions, it is necessary to understand which emissions are caused by its acti-

vities or products.

GHG

The carbon footprint accounts for the six GHG emissions, which the Kyoto protocol refers to:
Carbon dioxide (CO

2
);

Methane (CH
4
);

Nitrous oxide (N
2
O);

Hydrofl uorocarbons (HFCs);
Perfl uorocarbons (PFCs);
Sulphur hexafl uoride (SF

6
).

Carbon dioxide equivalent (CO
2e

) is the unit of measurement which allows comparing diff erent 

GHGs regarding their impact on the environment on a like for like basis relative to one unit of CO
2
. 

CO
2e

 emissions are calculated by multiplying the emissions of each of the six GHG by its 100-year 

global warming potential (GWP).

Two important types of carbon footprints are the organizational carbon footprint and the prod-

uct carbon footprint:

Organisational carbon footprint: An organisational carbon footprint measures the GHG 

 emissions from all the activities of the organization. This includes energy used in buildings, 

 industrial processes and company vehicles.

Product carbon footprint: A product carbon footprint measures the GHG emissions over the 

 whole life cycle of a product (goods or services), from the extraction of raw materials and 

 manufacturing through its use and fi nal re-use, recycling or disposal. It includes mining, 

 processing, distribution, consumption of energy and materials during use, reuse, recycling, 

 fi nal disposal and transport activities.
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Figure 2 shows the diff erent boundaries of organizational and product carbon footprint. 

2.2.2 The Organisational Carbon Footprint

The GHG Protocol is a widely used standard that describes how to account for GHG emissions. It 

categorises relevant emissions into three groups or “scopes”:

Scope 1: Direct emissions that result from activities within the organisation’s control: on-site 

 fuel combustion, process emissions, refrigerant losses, and company vehicles.

Scope 2: Indirect emissions from any electricity, heat or steam used, as, by using the energy 

 you are indirectly responsible for the release of CO
2

Scope 3: Any other indirect emissions from sources beyond the direct control of the 

 organization but related to its activities. Examples of scope 3 emissions include purchased 

 goods and services, use of sold goods, employee commuting, business travel, outsourced 

 transportation, waste disposal and water consumption.

The key steps in calculating an organizational carbon footprint are shown in Figure 3.

Key steps in calculating an organizational carbon footprint:

Step 1 - Decide on the method to be followed: It is important to use a consistent method to 

 ensure an accurate result. This is especially important as you will rely on several people to 

 help collect data. The GHG Protocol is one of the most commonly used standards. It provides 

 detailed guidance on methods, and is available free of charge online7. PAS 2050 is a guideline 

 for carbon footprinting, which was published in October 2008 (and revised in 2011)8. 

 Another recognised standard is from the International Organization for Standardization, 

 ISO 14064.9 It uses many of the concepts introduced by the GHG Protocol. 

Step 2 - Defi ne organisational and operational boundaries: defi ne clear, explicit boundaries 

 on which parts of the organisation are included in the footprint. This boundary should include 

 the full range of emissions from activities under the operational control of the company. It 

 determines which emissions will be quantifi ed. All material scope 1 and 2 emissions should 

 be included, while it can be chosen which scope 3 emissions are to be included. It is of 

 importance to be realistic when choosing a boundary and consider the practicalities of 

 collecting complete and accurate data. 

7  https://ghgprotocol.org/

8  https://ghgprotocol.org/sites/default/fi les/standards_supporting/GHG%20Protocol%20PAS%202050%20Factsheet.pdf

9  https://www.iso.org/standard/38381.html
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Step 3 - Collect the data: The accuracy of the result depends on identifying consumption 

 data for all of the emission sources within the established boundary. For electricity, data are 

 collected in kilowatt hours (kWh) from meter readings or bills. For other fuels data are 

 collected from the invoices, in a variety of units, such as m³, litres, kWh or mega joules (MJ). 

 For transport emissions, data on fuel consumption by fuel type are collected where possible. 

 Where this is not available, consumption based on the mileage of the vehicles and fuel 

 economy assumptions can be estimated. It’s important to clarify any gaps in the data and list 

 any assumptions that have been made in calculating the footprint.
Step 4 - Apply emissions factors: The carbon footprint is measured in tonnes of CO

2
 equivalent 

 (tCO
2e

), and is calculated using the process data collected multiplied by standard emissions 

 factors from the appendix of the GHG protocol10.
Step 5 – Optional verifi cations of the results: The company may choose to have a third party 

 verify the carbon footprint, to add credibility and confi dence to carbon reporting for public 

 disclosure.
Step 6 – Reduce your carbon footprint:  Many companies do not only measure their carbon 

 footprint but take action to reduce it step by step over time. Companies are free to choose 

 measures. Chapters 3 and 4 of this manual provide suggestions for carbon footprint reduction 

 relevant to food processing. Reduction is something that a third party can certify to add 

 credibility and confi dence to the reduction claims.

2.2.3 The Product Carbon Footprint

Whether PAS 2050, ISO 14067, or the GHG Protocol Product Life Cycle Accounting and Reporting 

Standard are chosen as a method, all three are applicable to a wide range of goods and services, 

and include a scope of analysis, collating data and calculating GHG emissions. They give guid-

ance on how to treat emissions relating to issues such as recycling, renewable energy and land 

use change and to make sure data are consistent. 

As a fi rst step it is important to defi ne the scope and objectives of the product carbon footprint. 

Before the start, one must be clear about:

For what purpose is the organisation measuring the footprint – is it to be used internally e. g. 

 to analyse the supply chain or is it to be publicly disclosed? 
What level of detail is needed – is a high-level approach to identify carbon hot spots 

 suffi  cient, or is a detailed analysis required that can be independently verifi ed?
Who can carry out the analysis? Does the organization have suffi  cient internal resources or 

 would external advice be helpful?
What is the representative product or service for which the organization wants to calculate 

 the carbon footprint: The ‘functional unit’ needs to be defi ned on which the carbon footprint 

 will be based and reported – e.g. per kg or per hour of service – and work to engage your 

 supply chain in the measurement process.

For the functional unit, data are collected and combined for all relevant processes as shown in 

fi gure 4:

Step 1 – Build a process map: List all of the materials, activities and processes that contribute 

 to each stage of the chosen product’s life cycle. 
Step 2 – Check boundaries and determine priorities: Some emissions can be excluded, e.g. 

 consumer travel to retail outlets. Calculating a high-level footprint fi rst will help focus data 

 collection on the main GHG emission sources.

10  https://ghgprotocol.org/calculation-tools
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Step 3 – Collect data: Collect process data (e.g. litres of fuel consumed per product unit) and 

 select appropriate emissions factors (e.g. kg CO
2
 per litre of fuel). Where possible, use primary 

 data based on actual meter readings or accounts rather than estimates.

Step 4 – Calculate the footprint: Calculate the GHG emissions (kg CO
2e

 per product unit) 

 from each source by multiplying the process data by the emissions factors. 

Step 5 – Verify the footprint: The footprint can be verifi ed in three ways: self-verifi cation, 

 verifi cation by another party, such as another company or accredited independent third-

 party-verifi cation. 

Figure 4 shows the key steps in calculating a product carbon footprint. 

The carbon footprint can be communicated on the product label, on the company´s website, or 

in marketing materials, energy effi  ciency measures, monitoring and controlling.

2.3 Low Carbon Production as a contribution to Circular Economy

A new model of energy conservation based on a circular economy is needed. Circular Economy 

reconfi gures patterns of consumption from a linear take-make-dispose model, to a more sustain-

able cycle in which resources are recycled at the end of their life for continued use in the econo-

my which reduces dependence on virgin raw materials. 

The waste hierarchy is the basis of European law. After waste reduction and re-use, recycling is 

the priority for waste management. On the waste hierarchy below recycling is energy recovery. 

Energy from waste is the main method for recovering energy from non-recyclable waste. Energy 

from waste complements anaerobic digestion for organic waste. It takes what is left of the waste 

stream after recycling and recovers energy from it through combustion.

There is no doubt that the energy sector for decades has enabled the economy to grow and pros-

per. However, it contributes greatly to the carbon footprint of organisations in the food industry. 

In the medium term, a diff erent energy mix based on renewable energy, will be necessary to im-

prov3 the situation. This manual shall contribute to optimised fi nal energy consumption, mini-

mizing energy waste and emissions and favouring the use of cleaner sources of energy.

2.4 Systematic approach to Low-Carbon Production 

2.4.1 Tools for Low-Carbon Production

The process for the implementation of Low Carbon Production (LCP) is a Plan – Do – Check – Act 

approach (see Figure 5) as it is described in the energy management system (EnMS) according to 

ISO 5000111. This approach focuses on a continuous improvement process to achieve the objec-

tive of reduction of GHG emissions of an organization. 

11  https://www.iso.org/iso-50001-energy-management.html

Figure 4: 
Key steps in 
calculating a 
product carbon 
footprint per 
functional unit

1 - Construct 
a process map

2 - Define
boundaries 
and priorities

4 - Calculate 
the footprint

5  (optional) 
- Verify the 
footprint

3 - Collect data   
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The PDCA approach consists of the following steps:

Plan
The overall responsibility for the installed energy management system must be located with 

the top management and the employees have to be involved by appointing an energy team. 

The organization has to defi ne an energy policy. This is of a written statement which expresses 

the fundamental ideas and the framework how the company addresses the optimised use of 

energy. The energy policy must be communicated within the organization. The energy team is 

the connection between management and employees. Next, the organization has to identify 

the signifi cant energy uses and prioritize the opportunities for energy performance improve-

ment by defi ning KPIs. 

Do
The stated objectives and processes how to reach them are introduced and implemented. Re-

sources are made available and responsibilities defi ned. Training makes sure that employees 

and other participants are aware of and capable of carrying out their energy management res-

ponsibilities. The realization of the energy management system starts.

Check
An energy management system requires a process for compliance and valuation of energy-re-

lated regulations. An internal audit will help to verify that the energy management system is 

12  Modifi ed by the authors

PLAN

ACT

DO

CHECK

Comittment of top 
 manangement
Energy policy
Management representative
Energy review
Objectives and 
 action plan

Implementation 
 and realization
Communication
Training
Awareness
Operational control
Technical  measures 
 (see chapters 3 and 4)

Monagement review
New strategic goals
Optimization

Monitoring
Analysis
Corrective Action
Preventive action
Internal audit

Figure 5: 

PDCA circle 

according to ISO 

5000112
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functioning properly and giving the planned results. The processes are monitored with regard 

to legal and other requirements like customer requirements, internal policies as well as to the 

objectives of the energy management of the organization. The results are documented and re-

ported to top management. 

Act
The top management prepares a written evaluation based on the internal audit. This document 

is called the management review. The results will be evaluated on their performance level. If ne-

cessary, corrective or preventive actions will be initiated. Energy-relevant processes are optimi-

zed and new strategic goals are derived. This allows a continuous improvement process which 

is the basic approach of any management system and the PDCA approach. 

Furthermore it allows the facilitation of the external audit. 

 These steps are implemented in an energy management system as follows: 

Commitment
Commitment to energy effi  ciency needs to come from senior managers who should agree and 

implement an energy policy. The policy should clearly identify the formal roles and responsi-

bilities of the management team. A person needs to be responsible for implementing ener-

gy saving initiatives and allocating enough resources, in terms of time and money, to the rele-

vant tasks.

Commitment of the top management is a precondition for the successful application of energy 

effi  ciency management. The top management should provide the necessary resources: time, 

personnel, fi nances and materials for the eff ective implementation of the EnMS. In addition the 

top management must communicate commitment and make it visible to the entire organisa-

tion to encourage active participation of all staff  members.

Energy policy
The energy policy is fundamental for implementing the EnMS and increasing energy perfor-

mance. The policy provides a framework for an organisation to set energy objectives and tar-

gets and action plans to further improve its energy performance.

The energy policy should address:
 Continual improvement in energy performance;
 Availability of information and of necessary resources to achieve objectives and targets;
 Involvement of all employees;
 Compliance with relevant legislation and other requirements related to energy.

In addition to these commitments, the policy will include the commitment to purchasing ener-

gy effi  cient products and services, as well as designing for enhanced energy performance. The 

policy should be defi ned and approved by the top management. The policy must be commu-

nicated to all employees. It should be regularly reviewed and updated in a systematic manner.

Planning and establishing objectives and targets 
In these steps, measurable targets for energy consumption, energy effi  ciency measures and the 

use of renewable energy are defi ned.

It is necessary to prepare an action plan that lists the improvements that need to be made, indi-

cating the time of implementation and the responsible person. . Improvements are prioritised 

according to the potential energy savings and the time taken to recover the cost.

Energy use and procedures are regularly reviewed by carrying out a walk-walkthrough. A chec-

klist to identify sources of waste energy or new ways of saving energy like this manual help to 

support this process. The results are fed into the action plan.
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Setting realistic targets for energy savings will help to keep the momentum going and to ma-

intain employee awareness and interest. Deadlines for the completion of each improvement 

are detailed in the action plan. Most businesses could reduce their energy consumption by 10-

40%. However, it is important to be realistic: many companies start with a target for savings of 

5% per year.

Implementation and operation of procedures
The management system consists of operational procedures to defi ne relevant operations whi-

ch have an impact on the energy performance of the organisation: 

 Structure and responsibility; 

 Training, awareness and competence; 

 Communication; 

 Employee involvement; 

 Documentation; 

 Eff ective control of processes;

 Maintenance; 

 Emergency preparedness and response: 

 Compliance with energy effi  ciency-related legislation.

Benchmarking
The identifi cation and assessment of energy effi  ciency indicators over time and the systematic 

and regular comparisons with sector, national or regional benchmarks for energy effi  ciency su-

pports the assessment of energy performance, where verifi ed data are available. 

Checking performance and taking corrective action will pay particular attention to: 

 Monitoring and measurement; 

 Corrective and preventive action; 

 Maintenance of records; 

 Independent (where practicable) internal auditing in order to determine whether or not 

  the energy effi  ciency management system conforms to planned arrangements and has 

  been properly implemented and maintained. 

Review 
The review of the EnMS regarding its suitability, adequacy and eff ectiveness is done by the top 

management once a year. 

The energy management system can be implemented as part of existing management systems 

(Environmental management system, quality management system, health and safety manage-

ment system) or as a separate energy management system. The compliance with an internation-

ally accepted standard system like ISO 50001 is not mandatory. A non-standardised energy man-

agement system can be equally eff ective if it is properly designed, implemented, and maintained.

An integrated management system might be a combination of the following standards: 

ISO 9001 (Quality Management); 

ISO 14001 (Environmental Management); 

OHSAS 18001 (Occupational Health & Safety); 
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ISO/IEC 20000IT (Service Management); 

ISO 22000 (Food Safety); 

ISO 26000 (Corporate Social Responsibility)

ISO/IEC 27001 (Information Security); 

ISO 31000 (Risk Management);

ISO 50001 (Energy Effi  ciency).

An integrated management system integrates responsibilities and procedures regarding diff er-

ent aspects, such as quality, health and safety, environment and risk management, into one con-

sistent framework, enabling an organization to work as a single coordinated organism with har-

monized objectives.

An integrated management system creates one system with a consistent set of process indica-

tors, objectives and measures and includes a holistic picture of all aspects of an organization, their 

interaction and the potential risks. At the same time the systems avoids duplication of documen-

tation, training and auditing, and makes the maintenance of the system easier.

It is important that management and employees are aware of the benefi ts that energy effi  ciency 

can bring to a site. The whole workforce needs to be involved and committed to an energy effi  -

ciency programme. Eff ective energy management means:

Cost savings;

Healthier and more productive working conditions;

An enhanced corporate image that can be promoted to both customers and suppliers.
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2.4.2 Procedure to implement Low-Carbon Production

Figure 6 shows a step-by-step method and how to minimize the overall carbon emissions from 

the energy supply to an enterprise. The adoption of this procedure will help to prepare for ener-

gy reporting, the defi nition of an action plan to improve energy performance and to prepare for 

the implications of the climate change strategy. It is fully consistent with an energy management 

system. The relevant steps are described in detail in Table 1.

Low carbon options
(Energy efficency,
Chemical leasing)

Waste heat recovery

Korišćenje otpadne 
toplote

Organizational CO2 
footprint

Korišćenje otpadne 
toplote
Product CO2 footprint

Renewable energy 
options

DO

CHECK AND ACT

Low carbon auditing

Carbon emission 
baseline

Commitment of the top
management

Implementation of the 
low carbon options,
communication

Monitoring and 
controlling, Corrective 
actions, Review

PLAN
Figure 6: 

Method to 

implement a 

Low-Carbon 

production system 

in an industry
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Step Objective Activity

1

Secure 

management 

commitment

Defi ne a policy, defi ne resources, establish the structure for the 

implementation of Low-Carbon production

2

Baseline: 

Understand your 

energy use

Study your operation and identify the major areas of energy 

consumption. Check age, maintenance and time of operation 

of equipment and monitor the power consumption over for 

example one week including a weekend to obtain a base fi g-

ure against which energy effi  ciency improvements can be mea-

sured. Use the worksheets in the appendix to understand the 

main contributions from your organization, from suppliers, and 

from the use of your products and set priorities accordingly.

3

Audit your 

organization: 

Identify 

opportunities

Compile an energy checklist. Walk round your building and 

complete the checklist at diff erent times of day (including af-

ter hours) to identify where energy savings can be made. There 

are many easy low and no-cost options to help save money and 

improve the operation of your enterprise. New, more energy ef-

fi cient options are described in this brochure as are renewable 

energy options. Suggestions are described in details in chap-

ters 3.1 to 3.3.

4
Action plan: 

Prioritise actions

Compile an action plan with improvements that need to be 

made and when, together with who will be responsible for 

them.

5

Make the 

changes and 

measure the 

savings

Implement your energy saving actions and measure against 

original consumption fi gures. This will assist future manage-

ment decisions regarding your energy priorities.

6

Continue to 

manage your 

business for 

energy effi  ciency

Enforce policies, systems and procedures to ensure that your 

business operates effi  ciently and that savings are maintained in 

the future.

This manual supports the implementation of a Low-Carbon production system by describing 

the following elements in detail: Data acquisition, supporting analytical tools (carbon footprint-

ing, value chain analysis, industrial ecology), benchmarking, option generation, implementation, 

monitoring and controlling.

2.4.3 Data collection and analysis

2.4.3.1 Emissions factors in Serbia

GHG emissions are calculated using the following emission factors that are multiplied by the pro-

duced energy: 

For heating plants 0.287 tCO
2
  /MWh of the produced heat; 

For electricity 1.099 tCO
2
/MWh.

Table 1: 

Description of 

the steps to 

implement a 

Low-Carbon 

production system



Low-Carbon Production methodology in the meat and dairy production chain | 23

2.4.3.2 Electricity Tariff  System in Serbia

Since January 2014 the electricity market in Serbia is open. Elektroprivreda Srbije (EPS) is the 

public supplier for customers selling electricity at regulated prices. 

Figure 7 shows a scheme of the electricity market in Serbia with the main stakeholders and their 

interaction.

Electricity contracts are categorized into seven types; high voltage 110 kV, middle voltage 35 kV, 
middle voltage 10 to 20 kV, low voltage 0.4 kV I level, consumer spending 0.4 kV II level, consum-

er spending, and public lighting.

Figure 7: 

Scheme of 
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in Serbia
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Consumpti-

on Category
Calculation Elements Unit

Dai-

ly Tariff  

Rate

Dinars 

per Unit

Low Voltage

Fee for supplier 132.76

Accounting demand

Excessive demand set-up

kW

kW

882.760

1,765.519

Active Energy
kWh

kWh

higher

lower

7.117

2.372

Reactive Energy (cosψ≥0.95)

Excessive Reactive Energy (cosψ<0.95)

kvarh

kvarh

1.270

2.540

Consumer 

Spending

Fee for supplier 132.76

Accounting demand kW 48552

Active energy:

For consumers with

Single-tariff  metering

-for green zone kWh 5.217

-for blue zone kWh 7.826

-for red zone kWh 15.651

 For consumers with 

two-tariff  metering

-for green zone
kWh

kWh

higher

lower

5.962

1.491

-for blue zone
 kWh

kWh

higher

lower

8.943

2.236

-for red zone
kWh

kWh

higher

lower

17.887

4.472

 For consumers with 

controlled metering

-for green zone
kWh

kWh

higher

lower

5.962

1.491

-for blue zone
kWh

kWh

higher

lower

7.602

1.900

-for red zone
kWh

kWh

higher

lower

15.204

3.801

For controlled con-

sumption with special 

metering

-for green zone kWh 1.491

-for blue zone kWh 2.236

-for red zone kWh 4.472

Public 

lighting

Fee for supplier 132.76

Active energy:
-public lighting  kWh 6.440

-neon signs  kWh 9,660

Tariff s for buildings and households are using the time of use method, and the diff erence of ta-

riff s between daytime and night time is around 1:4. The tariff  is also based on a three zone tari-

ff  systems:  

13  Decision on regulated electricity price in Republic of Serbia applicable from 1.10.2017, http://www.eps-snabdeva-

nje.rs/kupci/Documents/20170828_Odluka%20o%20regulisanoj%20ceni%20EE%20na%20garantovanom%20snabdeva 

-nju%2001.10.2017.pdf

T able 2: 

Electricity Tariff  

System of EPS13
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Green zone Monthly consumption <350 kWh 

Blue zone 350 kWh/month ≤ Monthly consumption <1,200 kWh/month

Red zone 1,200 kWh/month ≤ Monthly consumption

In contract categories, reactive power is charged. If the measured power factor is lower than 95 

%, the reactive power tariff  can grow to twice the price to promote reactive power compensa-

tion to consumers. 

Table below explain some of the bill items for electricity supply. 

Item 

No.
Item Description

1 Customer Data VAT, Registration Number, Address

2
Contracted po-

wer [kW]

This is the power specifi ed in the approval for connection, the 

electric energy agreement or the other act that authorizes the 

connection of the user. For the existing users that do not have 

the contracted power, it is necessary to apply the regulations on 

the conditions of electricity supply.

3

The location of 

the measure-

ment

The address of the customer where the measuring point is loca-

ted with the measuring device (meter).

4

Readings of 

electricity con-

sumption

It presents data from the metering device at the measuring po-

int. Those values are as follows:

  - the number of meters (serial number of the meter);

  - the baseline of accounting registers in the meter for the 

    tariff  elements are: „active energy“ and „reactive energy“ by 

    tariff  („higher daily tariff “ and „lower daily tariff “), „active 

    power“, on the day of reading.

It also contains data on the calculated constant which is the pro-

duct of the current and voltage ratio of measuring transformers 

if there is any at the measurement site, otherwise the calculated 

constant has a value of 1. The energy for the billing [kWh] and 

the power [kW] are obtained by multiplying values of tariff  ele-

ments with the calculation constant.

5
Delivered ele-

ctricity[kWh]

It contains calculated data on the basis of which the licensed 

supplier, with whom the buyer has signed a contract on sale of 

electricity, charges the purchased electricity in the accounting 

period according to his price list which is an integral part of the 

contract on sale of electricity. The supplier charges the purcha-

ser with spent active electricity in the accounting period expre-

ssed in [kWh].

6
Unit price [DIN/

kWh]

The contract price for charging the electricity delivered to the 

customer for the accounting period, which is an integral part of 

the contract for selling the electricity between supplier and cu-

stomer.

Table 3: 

Explanation of 

bill items for 

electricity supply
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Item 

No.
Item Description

7

Fee for access 

to the electrici-

ty distribution 

system

It contains the calculated data on the basis of which the dis-

tribution system operator calculates the electricity distribution 

service in the accounting period. Within the tariff  element „acti-

ve power“ (power expressed in kilowatts [kW]) tariff s are calcu-

lated as: „approved power“ and „excessive power“. The „appro-

ved power“ tariff  is applied to the approved power regardless 

of the measured value of the monthly maximum active power 

in the accounting period. The „excessive power“ tariff  applies if 

the measured monthly maximum active power is higher than 

the approved power. It is calculated as diff erence between 

the monthly maximum and the approved power. The monthly 

maximum active power of one user of the system from the cate-

gory „Medium Voltage Consumption“ is determined by measu-

ring the average fi fteen-minute active power in the accounting 

period. Within the tariff  element „active energy“ (active energy is 

expressed in kilowatt hours [kWh]) tariff s are calculated as: „hig-

her daily tariff  for active energy“ and „lower daily tariff  for acti-

ve energy“. Within the tariff  element „reactive energy“ (reactive 

energy is expressed in [kVArh] tariff s are calculated as: „reactive 

energy“ and „excessive reactive energy.“ The tariff  „reactive ener-

gy“ is applied to the amount of reacted energy measured, if the 

power factor at the point of delivery for the accounting period 

is greater than or equal to 0.95. If the power factor at the deli-

very point for the accounting period is less than 0.95 the tariff  

„reactive energy“ shall apply to the amount of reactive energy 

corresponding to a power factor of 0.95 and the tariff  „excessive 

reactive energy „ is applied to the amount of the positive diff e-

rence of the measured reactive power and reactive energy that 

corresponds to the power factor of 0.95.

8

Unit price ac-

cording to tari-

ff s from the va-

lid pricelist

Unit price according to tariff s from the valid pricelist for access 

and use of the system for distribution of electricity.

9

The fee for in-

centives of pri-

vileged electri-

city producers

The fee for incentives of privileged electricity producers is calcu-

lated and charged on the basis of the Decree on the method of 

calculation and distribution of fee for the incentive of privileged 

electricity producers. It is calculated as the product of the totally 

measured active electricity in the accounting period expressed 

in kWh and the amount of fee determined in accordance with 

the regulations of the Republic of Serbia, expressed in RSD/kWh. 

10
Summary of ac-

counts

This is the summary of energy accounting values, by segments, 

and taxes in accordance with the regulations of the Republic of 

Serbia, incentives of privileged producers, excise, VAT.
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2.4.3.3 Load management

A load curve (Figure 8) shows the consumption recorded with a meter every 15 minutes. The 

curve shows peaks, fl uctuation of load over the day, and especially at night or during weekends, 

parasitic loads.

The objective of load management (Figure 9) is to shift peaks to reduce peak load e. g. by sched-

uling machines, which have a suitable storage capacity (air compressors, chillers, heaters). A sec-

ond objective is to identify and minimize parasitic load.

2.4.4 Benchmarking

Energy transformation can never be 100% effi  cient. Losses can never be zero, but they can be re-

duced in various ways using diff erent techniques. Energy effi  ciency and ineffi  ciency needs to be 

monitored.

The most commonly used indicator of energy effi  ciency is specifi c energy consumption (SEC), 

which is defi ned as the amount of energy input per unit of product or some other output-re-

sponse activity. In some cases, there are several diff erent products at the exit, and only one basic 

raw material at the entrance, as is the case with the bread, pasta and pastry industry or in the pro-

duction of milk and dairy products. The SPE can then be calculated in relation to the amount of 

the main raw material consumed in the production.
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The SEC unit is usually GJ / t or kWh / t for a product measured in units of mass, and can be ex-

pressed in GJ / m2 or kWh / m2 of the product or as input energy per employee. A simplifi ed graph 

representation for the calculation of specifi c energy consumption, with particularly emphasized 

limits for observing input and output fl ows of energy and materials, is given in the Figure 10. The 

observed boundaries of the balance fi eld are the boundaries of the observed location, and may 

be the boundaries of the individual production plant or production line.

Specifi c energy consumption is an indicator that is suitable for comparing industrial companies 

in one branch. Benchmarking provides the ability to quantify the potential for improvement. Fig-

ure 11 gives a diagram showing the activity of an organization that has taken steps towards im-

proving energy effi  ciency, comparing it with the best in its branch.
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The basic step is to defi ne the baseline (by conducting energy audits) and defi ne appropriate in-

dicators that can be used to compare with others in a similar environment. In the specifi c case, 

the company has recognized a signifi cant diff erence in the value of specifi c energy consumption 

compared to the industry-leading company (top runner). Then the measures have been defi ned 

that could lead to improvement of energy effi  ciency over a certain period of time, which is con-

fi rmed by permanent monitoring and measurement of the achieved improvement eff ects (con-

tinuous reduction of specifi c energy consumption). Finally, the company will achieve the level 

of top runner. Benchmarking is very useful tool for continuous improvement and can be a great 

stimulus for the implementation of promotion measures since it provides the possibility of quan-

tifying the eff ects of applied EE measures. The table “benchmarks” in the annex shows an over-

view of benchmark relevant for food processing.

2.4.5 Value chain analysis and Industrial Ecology

The strength of the Porter’s Value Chain Analysis is its focus on the systems and activities with 

customers as the central principle rather than on departments and accounting expense cate-

gories. This system links system elements and activities in these and shows what eff ect this has 

on costs and profi t. Consequently, value chain analysis highlights where value is generated and 

where sources of loss can be found in the organization.

Analysing value chain data will help identify your organization’s energy and cost hotspots. Data 

can be analysed using diff erent metrics: by supplier, materials, brand, region, lifecycle stage or 

packaging format.

This integral view of the value chain supports closer collaboration across business units and be-

tween value chain partners. It helps businesses to develop their strategies to reduce carbon emis-

sions with actual data including the supply chain and adds credibility to their plans.14

Industrial Ecology uses natural ecosystems as a metaphor for understanding how diff erent parts 

of industrial systems can interact with one another. It builds on the idea that natural systems do 

not have waste in them. This inspires sustainable design based on resource effi  ciency and recy-

cling15.

2.4.6 Option generation

When implementing measures to increase resource effi  ciency, the onion-shell principle should 

be followed (see Figure 12). The onion skin principle can help prioritize optimization measures.

14  https://www.ifm.eng.cam.ac.uk/research/dstools/value-chain-/

15  Lowe, E., Evans, L., Industrial ecology and industrial ecosystems, Journal of Cleaner Production, Vol. 3, issue 1-2, 1995 
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The onion skin principle ranks process optimization as highest priority, followed by technical up-

grades of process equipment, use of waste heat and switching to Low-Carbon fuels and electric-

ity, and renewable energy: 

Priority 1 - Process optimization: The fi rst priority is to implement all measures that lead to a 

direct reduction of energy consumption without major investments. All processes are evalu-

ated in terms of energy effi  ciency. To optimize individual process steps, one records the most 

important energy inputs and outputs and improves the process step effi  ciency.
Priority 2 - Technical optimization: The second priority is to evaluate whether retrofi tting or 

replacement of technical systems economically pays due to the resource-saving potential.
Priority 3 - Waste heat recovery: As a third priority and once all of the aforementioned poten-

tials have been exhausted, investment in recovery and waste heat recovery will bring long-

term economic benefi ts. The use of waste heat (including the further use of wastewater in 

the process steps) should, however, be taken into account in every process step and in parti-

cular for new purchases.
Priority 4 – District heating: In case there are other enterprises or building requiring heating 

nearby, waste heat can be shared with them for heating.
Priority 5 - Low-Carbon energy sources: Where possible fuels and electricity should be pro-

vided by Low-Carbon sources: Natural gas is less carbon intensive than coal and liquid fuels, 

electricity from hydroelectric power plants is less carbon intensive than electricity from coal 

fi red power plants. Waste can be used to generate energy, either organic waste in anaerobic 

digesters or waste in waste incineration plants.
Priority 6 - Renewable energy sources: Finally, the remaining energy needs should be su-

pplied from renewable sources, considering their potential environmental impacts. Photo-

voltaic panels, solar thermal panels, windmills, hydroelectric power stations, biofuels may 

provide renewable energy sources.

Increasing energy effi  ciency refers to a reduction in energy consumption for production of a 

product, the service performed (e.g. heating, cooling lighting, etc.) or some other activity. Im-

proving energy effi  ciency is usually associated with technological improvements, but can also be 

the result of better organization. From an economic point of view, energy effi  ciency has a wider 

meaning and refers to a reduction in energy consumption per unit of a monetary value (nation-

al gross income at state level or profi t or total income at the level of a company). This means that 

energy effi  ciency is linked to economic effi  ciency and includes technological, economic and be-

haviour change.

Energy effi  ciency presents an individual behaviour and refl ects the rationality of energy consum-

ers. Avoiding unnecessary energy consumption, or choosing the most appropriate technology 

and equipment to reduce energy costs, contributes to reducing energy consumption without 

jeopardizing production or product quality. The impact of individuals’ behaviour, i.e. the human 

factor is of great importance for the effi  cient use of energy. Avoidance of unnecessary energy 

consumption is certainly a question of one’s own behaviour or performance of the management, 

but it is conditioned by the possession of appropriate equipment - equipment for monitoring 

and controlling energy fl ows, room temperature regulation, automatic shutdown of lights when 

there are no people in rooms or corridors, automatic burner control system on boilers or furnac-

es, regeneration of “waste” heat from diff erent processes, etc. 

2.5 Implementation

A feasibility study involves a thorough analysis of an operation considering technical aspects, eco-

nomic and ecological criteria based on the unique conditions of the enterprise. Measures which 

are technically feasible, ecologically meaningful and show an interesting payback will become 
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concrete suggestions for improvement. Based on the feasibility study, a concrete action plan is 

devised. This action plan allots resources and includes a timeline.

2.6 Monitoring and controlling

The energy consumption needs to be constantly monitored by reviewing the bills as they are re-

ceived over the year to build a picture of the business’ monthly energy performance. Comparing 

energy use and performance data month by month, year by year can also show where energy 

saving measures have an impact.

Data on energy consumption should be regularly recorded, best on a daily basis. Ideally, there are 

sub-meters at the major energy consuming points. With these data, a graph can be plotted to 

compare energy consumption against production or output, such as the one shown in Figure 13. 

This graph shows that even when production levels are low, there are still energy costs incurred.  

To reduce these costs check that machinery is switched off  when not required and that lighting 

and heating are only used when necessary.

The slope of the graph shows production-related energy use. Try to identify the hours or days 

with lowest consumption at comparable production in this graph. From comparing, learn how 

equipment can be used more eff ectively. As energy saving measures from this guide are imple-

mented there should be a visible reduction in consumption for a specifi c consumption com-

pared to the initial baseline. 

More detailed analysis is possible with quarter-hourly metering. Larger sites will often have me-

ters recording quarter-hourly electricity consumption. These data should be available from the 

energy supplier. With this type of information it is possible to see when energy is being used 

through the day. It is also advisable to check and record night times and weekends to identify 

parasitic loads.
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2.7 Financing Low-Carbon projects

2.7.1 Energy effi  ciency funds in Serbia

One of the tools available to encourage the implementation of measures of improvement of en-

ergy effi  ciency is the Budget Fund for energy effi  ciency. These funds are small and insuffi  cient 

for the implementation of all planned energy effi  ciency projects. One of the possible mechanisms 

for increasing the means of the Fund is the introduction of fees for energy and energy sources.

Along with this means, the Budget Fund also collects funds from donations which are subse-

quently distributed to the users. Due to the limited means, the Budget Fund supports projects re-

lated to local governments only. 

The project development for local governments is time-consuming, since it requires the adop-

tion of the budget, issuing of public calls, selection of projects, implementation of public pro-

curement procedures and realization of the defi ned work. Consequently, it is necessary that the 

Budget Fund has the resources to carry out a new public call each year, as well as to fi nance the 

implementation of approved and contracted projects from the previous one. 

In addition to the increase of the volume of projects fi nancing in the public sector, increasing the 

Fund’s resources is necessary also to enable implementation of energy effi  ciency projects in oth-

er sectors. 

There is a rulebook for accessing and using the means from the Budget Fund16. 

This act defi nes who can be a user of the Budget Fund - legal and individual persons registered or 

with residence on the territory of the Republic of Serbia, with an emphasis on the following ap-

plicants: 

The local government units that are in the devastated areas in accordance with the regional 

development law, as well as other local government units and; 
The household sector (individuals, buildings council). 

All procedures for the allocation of funds are accurately elaborated in the mentioned Rulebook, 

whereby it should be noted:

Only one project of a local government unit can be fi nanced per year;
Criteria for project selection are maximization of relations between savings and investment, 

the share of own funds, payback period;
Measures of energy effi  ciency shall be defi ned in accordance with the measures of the 3rd 

APEE. 

In the future, it is necessary to provide signifi cantly greater resources for operation of the Budget 

Fund in order to achieve realization of the goals in the area of energy effi  ciency. It is necessary 

to develop other mechanisms for fi nancing the Budget Fund (the introduction of fees on ener-

gy and energy sources). It is also necessary to analyse the possible improvement of its operation 

through potential amending of its legal status and to establish a mechanism for the returning of 

the fund (revolving fund).

16  Rulebook of the conditions for distribution and use of the Budget Fund funds for improving the energy effi  ciency of the Re-

public of Serbia and the criteria for exemption from performing an energy overview („Offi  cial Gazette” no. 15/16)
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2.7.2 Innovation funds

The Innovation Fund developed and implemented consists of two fi nancial instruments – the 

Mini Grants Program and Matching Grants Program – for stimulating research and development 

(R&D) in small private-sector enterprises, start-ups and spinoff s. The Innovation Funds also pro-

vides technical assistance to selected research and development institutes (RDIs). This compo-

nent was implemented by the World Bank.

2.7.3 Energy contracting

Contracting is a service provided by an Energy Service Company (ESCO). The ESCO fi nances the 

investment and guarantees savings that cover all implied costs. The ESCO accepts the operational 

risks out of the contracts for durations of more than 5 years, typically of 10-15 years. The ESCO typ-

ically off ers customized energy contracting packages that contain planning, operation, and main-

tenance elements. ESCOs are foreseen in the Serbian Energy effi  ciency law.

2.8 Suggestions in chapter 2

Opportunity Relevant

Defi ne an energy policy. 

Get the commitment of management for Low-Carbon Production. 

Collect energy related invoices and consumption records. 

Use energy effi  ciency indicators and assess your energy performance. 

Get a load curve and analyse potential for reducing peak loads or parasite loads. 

Check the power factor and the need for compensation. 

Establish an action plan for your organization with measures to increase ener-

gy effi  ciency.


Familiarize yourself with fi nancing opportunities. 
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Low-Carbon 
measures in 
food processing

Chapter 3 summarizes a set of technical options with a potential to 

increase energy effi  ciency in the processes of food processing industries. 

This relates to processes like refrigeration, heating, compressed air, 

cleaning.
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3.1 Low cost measures to reduce carbon emissions

The following chapters will concentrate on technologies and management techniques that off er 

the greatest potential for energy saving and that are common to the widest range of sub-sectors 

of the agro processing and food industry. These are17:

Improved management and control
Refrigeration
Compressed air
Boilers and heat distribution
Motors and drives
Effi  cient lights
Distillation, drying and evaporation
Improved cleaning systems
Heat pumps
Vapour recompression
Cogeneration

3.2 Improved process measurement and control

Eff ective process control starts with accurate measurements of temperatures, pressures, levels, 

fl ow rates and energy use. 

Operators should check the reliability of diff erent process measurements and investigate areas 

where results may be problematic. For example, do operators record data at all? Do the read-

ings look about right? When was the last time that the sensors were calibrated? Operators should 

also consider whether measurements are taken at the correct position in the process, as incor-

rect siting may lead to mistaken measurement and consequently erroneous actions. Other rec-

ommended checks include considering how they vary when introducing a known change up-

stream and, once a problem has been identifi ed, asking what time delay is likely before corrective 

action can be taken.

Findings may show that:

A measuring device is not calibrated or not suitable;
Signals are corrupted;
Equipment has been poorly installed or maintained;
Measurements are now inadequate or inappropriate.

Process effi  ciency often is insuffi  cient because operators make adjustments to control settings to 

resolve a short-term problem (such as reducing the feed-rate to compensate for a blocked fi lter, 

for example) but then do not readjust settings after the problem is fi xed. As a result, systems may 

become ineffi  cient, if there is no corresponding follow-up. 

To prevent this from happening, establish a regular maintenance strategy, train staff  to report pro-

cess faults promptly and ensure that operators are fully aware of the consequences of adjusting 

control settings. Consider automating where possible, as manual control can introduce human 

error. Record the areas on the site where manual control is used and evaluate whether automat-

ic controls could be installed instead.

17  https://www.carbontrust.com/media/39212/ctv004_food_and_drink_processing.pdf
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In the food and drink industry, automatic control can be used for applications such as contro-

lling product moisture levels to eliminate over-drying, or optimizing product quality. 

Many food and drink companies use basic sensors to detect when a product is present to con-

trol the conveyor which do not have to operate continually.

3.3 Refrigeration

Refrigeration systems need good maintenance. Blocked, dirty, partly worn and leaking compo-

nents lead to increased energy demand, and increase the costs for the business. Eff ective main-

tenance includes:

Establish a programme of regular checks to ensure that equipment is in working according 

 to the specifi cations;
Check evaporators and condensers for damaged heat exchanger fi ns, which make it more 

 diffi  cult to transfer heat;
Identify scaling and ice-build up on evaporator fi ns. Remove scales and de-ice depending on 

 the build-up;
Check that water bleed pipes are not iced up.

Most large refrigeration systems have sight glasses where the refrigerant can be monitored. If 

bubbles can be seen in the refrigerant when the system is in a stable operation, it usually indi-

cates that there is a refrigerant leak in the system. The system will operate less effi  ciently, reduc-

ing the cooling eff ectiveness. The most common reasons for leaks are failures at joints, seals and 

other mechanical valves. Pipework, valves, connections, tanks should be regularly inspected for 

leaks. Many common refrigerants are strong GHGs. Small failures in managing leakage can neu-

tralise the environmental benefi t of savings in CO
2
 through energy effi  ciency. It is illegal to know-

ingly vent refrigerants. As a leak is identifi ed, action needs to be taken to fi nd and repair it before 

recharging the system with refrigerant.

Ensure that the insulation of coolant lines is in a good condition. Make sure door seals are in a 

good condition and sealing tight. Good insulation will make equipment more effi  cient as it min-

imises the amount of cold air escaping being replaced by warm air. 

To ensure that refrigeration systems are used in the most effi  cient way, plan production and stor-

age needs. If there are a number of cold storage areas, it is maybe more effi  cient to have one of 

them working on full-load, rather than two of them in part-load. Equally, overfi lling the cooled 

area will reduce the circulation of cold air around the products, reducing the performance and ef-

fi ciency of the refrigeration system.

Heat fl ux from the lighting system to the cooled space making the refrigeration system work 

harder. Ensure that internal lights in refrigerated spaces are switched off  when not in use or out-

side of operating hours. Where lights are controlled by the opening and shutting of the refrigera-

tor door, ensure that the switch operate properly.

Food and drink manufacturers often keep their cooled storerooms at lower temperatures than 

required to be on the safe side. Operators believe that the lower temperature will provide a few 

hours grace to maintenance people to repair any failed components before the perishable goods 

exceed their storage temperature. In reality, overcooling a storeroom increases the probability of 

equipment failure by increasing the duty on the refrigeration plant. Always ensure that the tem-

perature setting satisfi es the product storage requirements. Install temperature indicators outside 

the cooled storage rooms. Monitor and record temperatures regularly.
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Uncontrolled air exchanges in cooled storerooms can account for up to 30% of the total heat 

load. Entry of warm air and loss of cold air can be minimised by ensuring that doors remain closed 

as much as possible. Consider fi tting self-closing doors if possible. Ice build-up on storeroom 

fl oors and walls is a good indication that a high level of air change is taking place. When a door is 

used regularly, install a strip curtain to prevent cool air escaping from the storeroom. Ensure that 

the curtains are well fi tted and stay in good condition. Replace damaged strips as required.

3.4 Compressed air

Compressed air is used as a power source for many machines controls, for packaging machines, 

and sometimes for pumps and for cleaning as it is a versatile, safe and fl exible way to transmit en-

ergy. Because of the low effi  ciency of pressure generation and high heat generation, compressed 

air is a rather expensive form of energy.

Identify where compressed air is used on a site and then check to make sure whether it is actual-

ly required for the task. For example, in industrial sites compressed air is often used to clean ma-

chines because the compressed air supply is readily available throughout the factory. In many 

cases, using a vacuum cleaner or air blown from a fan would be a far cheaper alternative.

Some equipment can be fi tted with an on-demand control unit to supply compressed air as it is 

required on, for example in the bottle drying process after rinsing for cooling. A control unit can 

monitor the fl ow of bottles and supply air only when bottles are present. 

Specify where and when compressed air should not be used. Ensure that this policy is displayed 

at appropriate places across the site and communicated well.

An idle compressor should be switched off . It can still use up to 40% of its full load. 

Make sure maintenance is carried out regularly: Follow the manufacturer’s documentation for 

the recommended maintenance schedule. Maintenance includes lubrication, oil changes and fi l-

ter replacement. A well-maintained compressor is up to 10% more effi  cient than a poorly main-

tained one.

Many systems produce compressed air at a higher pressure than actually required. Specify the 

minimum air pressure necessary to drive the machinery and then ensure that the pressure is set 

accordingly and does not exceed these requirements. 

Energy savings in animal feed production company

In one animal feed production company in Serbia there were two air compressors (37 and 25 

kW rated power), set to 10 bar pressure, while the machines require 6 bar compressed air for 

their operation. By reducing the set point pressure of the air compressor, less energy is used. 

1 bar less air pressure saves 7% electricity for the compressor. This could be achieved by in-

stalling pipe with wider diameter to minimize the pressure drop in distribution.

If one application requires a higher pressure, then consider installing a smaller, local generator 

rather than increasing the pressure of the whole system.

Industrial sites often have compressed air leakage rates of up to 30%, wasting considerable 

amounts of energy and money. Establish a systematic and regular leak detection programme 
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(e.g. every three months) to check for leaks, and then make sure that they are repaired as quick-

ly as possible.

There are three main ways to check for leaks:

Run the compressor without using any air tools or equipment. Walk slowly around the plant 

 listening for hissing sounds. Check all joints, fl anges and valves carefully.
Use a solution of soapy water. Run the system without using air consuming equipment. 

 Apply the solution to the pipework and then look to see where the soap forms bubbles. 
Use ultrasonic leak detection equipment as the most accurate way to check for leaks. Mark all 

 leaks on a plan of the system. Repair the leaks according to the routine maintenance schedule.

Check if all parts of the compressed air system are actually used. Isolate areas that are not in use 

to increase the effi  ciency of the system. If a system requires diff erent volumes of compressed air 

at diff erent times, consider using isolation valves to divide the system into zones.

Cooler air is denser and reduces the load on the compressor. Cooler intake air from outside can 

produce substantial savings. For every 4 °C drop in the temperature of the intake air effi  ciency im-

proves by 1%.

Up to 90% of heat generated by a compressor can be used to heat water or air. Consider wheth-

er the heat generated can be used to:

Provide space heating in warehouses or workshops and staff ed production lines.
Keep things dry – placing a compressor in a warehouse could prevent material such as 

 cardboard boxes from becoming damp, thereby reducing spoilage of stored materials or 

 products prior to dispatch.

3.5 Motors and drives

Electric motors drive the vast majority of process equipment used in the food and beverage in-

dustry. Many sites have relatively ineffi  cient motor operations. Improving the effi  ciency of the in-

dividual motors on a site can generate signifi cant energy and cost savings.

Identify all systems that use motors and encourage employees to turn them off  when they are 

not needed. Alternatively, consider automatic sensors that stop motors and conveyors when 

there is no need for operation.

Regular maintenance can reduce energy consumption by up to 10%. Maintenance programmes 

should include lubrication, cleaning, belt tensioning and alignment. Predictive maintenance 

techniques can indicate in advance when parts will need replacing. A motor supplier will be 

able to provide further details.

Motors are often larger than they need to be. Compare the reading of the motor rating plate with 

the actual rating required by the equipment which the motor is moving. In many cases, motors 

are oversized by 20% or more (e.g. an application might require a motor rated at only 7.5kW, but 

has been supplied with a motor that is 11kW). Consider replacing with smaller, higher effi  ciency 

motors where possible. If the motor is lightly loaded (<40%) and cannot be changed, it may be 

possible to run the motor continually in a diff erent connection mode that could result in energy 

savings of between 5 and 10%.
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Higher Effi  ciency Motors are between 3 and 4% more effi  cient than other motors due to their im-

proved design and materials. Energy effi  ciency improvements of up to 5% are possible if failed 

motors are replaced with higher effi  ciency models. It is usually more cost-eff ective to replace 

smaller motors (<15kW) than to rewind them.

A Variable Speed Drive is an electronic device that can vary the speed of motor-driven equip-

ment such as a compressor, fan or pump. The VSD converts the incoming electrical supply of fi xed 

frequency into a variable frequency output to control the motor – a low frequency for a slow 

speed and a higher frequency for a faster speed. VSDs are commonly used within the food and 

drink industry. VSDs are often used to drive pumps or extractor fans to control the temperature in 

ovens, for example for biscuit production. They can be very eff ective in a variety of processes, par-

ticularly those that use pumps and fans.

3.6 Effi  cient lights

Optimization lighting on a hen farm

Lighting on one laying hen farm consists of several types of light sources. In the old birdhou-

ses, special 11W CFL lights for poultry are used. In the new birdhouses, special Big Dutchman 

FleX LED ECO lights for poultry are used. These types of lighting are at the industry standard le-

vel, or better, without signifi cant room for improvement. In the offi  ces, sorting facility and for 

the outdoor lighting T8 fl uorescent light tubes, incandescent light bulbs, and mercury fl oodli-

ghts are used. These types of lighting are ineffi  cient and present an opportunity for improve-

ment. The existing T8 fl uorescent light tubes, incandescent light bulbs, and mercury fl oodli-

ghts should be replaced by LED tubes, bulbs and fl oodlights respectively. Use of LED lighting 

provides several advantages over the current light sources: LED lights to save more energy, 

have longer lifespan and provide better quality of light than fl uorescent light tubes.

Replace high power consumption lights like incandescent, high discharge lamps, etc. In incan-

descent lamps, 90 percent of the electricity is wasted as heat rather than light. Replacing these 

bulbs with energy saving bulbs results in signifi cant energy savings. 

LED are the most energy effi  cient and most durable type of bulbs, the only constraint being that 

they are still expensive. However cost of LEDs is degreasing rapidly. They don’t get burn-out or get 

hot. This brings advantages by less maintenance and less cooling load.

3.7 Boilers and heat distribution

Most of the sub-sectors in the food and drink processing industry need process heating. This is of-

ten supplied by on-site boilers. The boilers may produce hot water or steam at various tempera-

tures and pressures depending on the process requirements. By ensuring effi  cient steam gener-

ation and distribution, energy costs can be reduced by 10-30%.

Boilers should be checked weekly. A poorly maintained boiler can consume 10% more energy 

than one with good maintenance. Indicators showing boiler ineffi  ciency are rising exhaust gas 

temperatures, pressure drops, and damage, like burn marks and increased noise levels.

Boilers should be serviced at least once a year by a qualifi ed technician, who should replace worn 

safety valves, indicators, seals, and clean the burners and the heat exchangers to remove the 

build-up of deposits. The service should also include a fl ue gas test and an adjustment of the fuel/

air ratio so that the boiler burns fuel effi  ciently. The lambda probe should be checked regularly.
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When a boiler is on standby, the heat loss through the fl ue gas can be signifi cant. Installing an 

isolation damper can eliminate this heat loss and fuel savings of up to 15% are possible. There is 

also the added benefi t of reducing harmful emissions. Match supply and demand: Before prod-

uct changeover or scheduled stoppage, make sure that the boiler operators know about the step 

changes in output capacity of steam or hot water. 

Make sure that all pipes, valves, and fl anges are well insulated and that the insulation is in good 

condition. Reducing heat loss will cut running costs. Around 10% of the heat produced in steam 

boilers can be lost through bad insulation in the distribution system.

High hardness of feed-water can lead to scale, deposition and corrosion, which all reduce boil-

er effi  ciency. Consider using automatic water treatment. This can be adding chemicals, ion ex-

changer to soften the water, or reverse osmosis. An automatic water treatment system can save 

2-5% of the fuel requirement. 

Waste heat from boiler fl ue gases can be used in an economizer to preheat the combustion air for 

boilers or the boiler feed water. Preheated air and water reduce the overall amount of energy re-

quired in the process. These measures can save between 2 and 5% of fuel.

Boilers are at their most effi  cient at design load. If a site needs varying heat load for diff erent pro-

cesses, it might be good considering having several smaller boilers to be switched on and off  ac-

cording to demand. Avoid the use of hot reserve boilers, as their standby might cause signifi cant 

idling losses.

Where boilers are scheduled for major refurbishment or replacement, because of age being in ex-

cess of 15 years, a possible investment is a combined heat and power (CHP) plant. This helps to 

reduce the overall energy consumption. However, the project feasibility needs to be checked for 

an acceptable payback. 

An evaporator works by heating a solution to a point where liquid turns into vapour and thus a 

separation is achieved. Compressing the vapour increases its pressure which at the same time in-

creases the temperature of the vapour. A higher pressure with pure liquids means a higher con-

densation point. This higher useful temperature implies that the vapour generated from the pro-

cess can be used as the heating medium for the evaporation.

For large industrial evaporators, there are two main methods of compressing the produced va-

pour – Mechanical Vapour Recompression (MVR) and Thermal Vapour Recompression (TVR) or a 

combination of both. MVR uses a mechanical compressor or a fan to compress the vapour. TVR 

uses steam jets for compression. Operating costs can vary dramatically, depending on the price 

of energy. A TVR evaporator requires a steady supply of steam as a source for the energy for com-

pression. A MVR evaporator needs an electricity supply and requires no primary steam except at 

start-up.

A plant design can utilize multiple eff ect evaporation – evaporator units installed in series to min-

imize energy usage. For TVR evaporation, steam may be re-used across the evaporator units of a 

multiple eff ect evaporation system. The temperature diff erence per eff ect decreases as the num-

ber of eff ects increases, necessitating a larger heat exchange surface to reach the required evap-

oration rate. Overall the use of multiple eff ects in TVR evaporation decreases the amount of the 

steam required but has an increased cost for equipment.

An MVR evaporator is typically a single eff ect evaporator. It does not require cooling water and 

the process heat is continually recycled. The condensate can be used to pre-heat the incoming 
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feed. The mechanics of this type of evaporator limits the temperature diff erence between the 

steam and the solution to be concentrated. This necessitates a large evaporation surface and in-

creases initial capital investment. However, the small temperature diff erential required has the 

benefi t of making MVR evaporation an extremely gentle process, preserving product characteris-

tics such as fl avour, aroma, colour and nutritional value.

The compression of the vapour can be achieved with a number of devices. A higher compression 

ratio gives a higher temperature diff erential. Turbo compressors perform are well suited to allow 

multi-eff ect MVR evaporation. However their high speed operation makes them vulnerable to 

water droplets and they require servicing regularly and signifi cant protection within the system 

to reduce the risk of failure. A fan will operate at a lower speed with a higher reliability but has lim-

its regarding temperature diff erence. However, the high thermal effi  ciency of a MVR evaporator 

means that single eff ect is equivalent to several TVR evaporator eff ects. In some applications a sin-

gle MVR evaporator may off er the thermal effi  ciency of up to 50 eff ects and more.

The choice of evaporator depends on the primary product characteristics. The additional invest-

ment in mechanical compression required by MVR evaporators however overall does make them 

more expensive than multi-eff ect equivalents. However, unless steam is readily available at a very 

low cost, the operational savings off ered from MVR are considerable. MVR evaporators are very 

reliable and very easy to control and operate. Their gentle operating conditions make them ide-

al for food, beverage, pharmaceutical and chemical applications where it is important to retain 

and protect product characteristics for high quality end product. MVR evaporation uses less en-

ergy and is a good, environmentally sound choice with a rapid and clear return on investment.

3.8 Optimisation of cleaning systems

Hot water for cleaning is a major energy consumer in many food processing plants. Since the 

1950s, cleaning-in-place (CIP) systems have been reliably used to clean inside surfaces of tanks 

and pipelines in processing liquids to avoid costly downtime associated with lengthy dismantling 

and cleaning tasks. The main purpose of CIP cleaning is to remove solids and bacteria from vessels 

and pipework. Industries that rely heavily on CIP are those requiring high levels of hygiene, such 

as food, beverage and pharmaceutical companies.

CIP can therefore be carried out manually or with automated systems between process runs 

without having to dismantle or enter the equipment. A suitable chemical solution is circulated 

through the tanks or lines, and then returned to a central series of tanks for possible reuse. Time, 

temperature and mechanical force are controlled for the best cleaning results.

Many existing and older CIP systems can be time intensive and waste large amounts of energy, 

water and chemicals. New “greener” CIP technologies can reduce the consumption of chemicals, 

water, and energy throughout the various steps of the cleaning cycle.

As a result, sites should review and optimise their CIP systems every few years, to reduce the vol-

ume of cleaning agents (cold water, hot water, and chemicals) required for each session.

Improvement options include:

Removing residual product to ease the load of wet CIP cleaning;
Removing material before the start of the wet cleaning cycle, e.g. gravity draining, pigging or 

 using compressed air;
Optimising CIP liquid circulation, chemical concentrations or temperatures, without aff ecting 

 cleaning performance (see below) considering the size and type of tanks and type of soiling;
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Automatic dosing of chemicals at the set concentrations; 
Installing effi  cient spray nozzles and spray devices to deliver water/chemicals in an eff ective 

 manner;
Reusing chemical solutions by returning them to a central cleaning reservoir;
Using process automation;
Employing a turbidity detector to optimise both the recovery of material/product from 

 water and the reuse of cleaning water during pre-rinsing;
Reusing the fi nal rinse water as the fi rst rinse in subsequent CIP cycles;
Topping up CIP chemicals into the effl  uent stream to manage pH levels in line with discharge 

 consents;
Preheating solutions through a solar heating system or other industrial waste heat.

The aim of the fi nal rinse is to remove the last traces of cleaning solutions from the cleaned equip-

ment. Clean water is used and the rinsing water, which returns to the central CIP unit. It is clean 

enough to be reused, instead of being discharged into the drain. The recovery of the fi nal rinsing 

water requires a connection from the CIP return pipe to the pre-rinsing tank. A conductivity trans-

mitter is used to divert the water.

Optimization of CIP - Example of cost savings18:

In one installation, a CIP system consumed about 600 m3 of water on a daily basis. Per cycle, 

this system uses 50 % hot water (at 60°C) and 50 % cold water. Optimisation of the CIP would 

reduce water consumption by 5%. Therefore, the site could potentially save around 11,000 m3 

annually. As this water saving would be a mix of both, cold and hot water (estimated unit costs 

of € 0.02/m3 and € 2.85/m3 respectively for borehole water, and € 2.54/m³ and € 5.37/m³ for 

mains water), the site could save between € 15,730 and € 43,542 per year depending on the 

water source used, and 456,170 kWh per year in energy savings.

Controls, sensors, and alarms are all key elements of automation that monitor key indicators. In-

dicators might include water re-use percentages, amount of wastewater generated, or energy 

consumed. Automation allows for tighter control of the cleaning process.

Parameter choice19 20

Four parameters make up an effi  cient cleaning recipe for CIP:

Cleaning cycle duration;
Temperature;
Concentration of the cleaning products;
Turbulence, by the speed and impact of liquids from the cleaning products.

The choice of chemicals is governed by the materials of construction of the plant. As mentioned 

previously, the most common material of construction is austenitic stainless steel. Stainless steel 

is very resistant to most cleaning solutions (with the exception of high-chloride solutions). In the 

food industry, the most frequent form of fouling is the deposition of proteins. These are mostly re-

moved by hot alkali solutions, like caustic soda assisted by wetting agents that break up the pro-

tein into water soluble units. Typically 2% caustic soda will be used at temperatures of up to 85 °C. 

For strongly fouled surfaces a concentration of up to 4% can be used. Milk stone and calcium de-

18  https://blog.craneengineering.net/what-you-should-know-about-optimizing-clean-in-place-cip-processes

19  https://www.spxfl ow.com/en/assets/pdf/CIP_Systems_22003_05_02_2013_GB_tcm11-7665.pdf

20  Software –CIP Guide from Tetrapak
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posits are removed by the use of a dilute mineral acid, typically 0.5% nitric acid at temperatures 

up to 50 °C. Hydrochloric or sulphuric acids should never be used for this purpose.

The circulation time depends on the fouling and the equipment. Generally, 20 minutes of caustic 

circulation is needed for pipes and tanks. Pasteurisers and UHT plants require up to 40 minutes of 

caustic circulation. Acid circulation is normally 10 minutes.

The optimum temperature for soil removal is 50°C. Frequently, caustic is circulated at higher tem-

peratures in order to improve the sanitising eff ect. 

Reduction of water consumption on a pig farm

In one pig farm existing equipment for high pressure water cleaning was rarely used for clea-

ning of the animal houses. Workers assigned to cleaning more often used open hoses instead. 

High pressure water cleaning equipment generates high speed water jet which is much more 

effi  cient for cleaning than just water fl owing from an open hose. The estimation showed that 

some 13,600 m3 of water can be saved annually. However, the true value of this measure lies 

in the reduction of the volume of generated slurry and need for its consequent collection, sto-

rage and application on land.

For smaller or rarely used installations or where the cleaning solution becomes highly polluted, 

including ultra-high temperature processing (UHT) installations, membrane separation plants, 

and the preliminary cleaning of evaporators and spray driers, single-use systems are used. In 

these systems, cleaning agents are not re-used, because they may impede the cleaning eff ect in 

other installations.

Process plant should always be cleaned in turbulent fl ow conditions. Scouring and wetting of 

the surfaces inside tanks and vessels is achieved by the use of appropriate spray devices. Simple 

spray balls operating at low pressure are most commonly used. The holes are positioned to pro-

vide maximum impact in areas of high fouling. Rotating jet devices operate at a pressure of about 

5 bars. They can be used for vessels with a high degree of fouling or with large diameters (>3m).

3.9 Heat pumps

Heat pumps are compression refrigeration machines, but designed to provide heating rather 

than cooling purposes. They absorb heat at relatively low temperatures, increase the temperature 

level and deliver the heat to a heat sink at a higher temperature level.

In the evaporator, the heat source transfers energy to the refrigerant at a low temperature. The re-

frigerant vaporizes. The compressor increases temperature and pressure of the refrigerant vapour. 

In the condenser, the refrigerant transfers the energy to the heat sink. At the condenser outlet, an 

expansion valve reduces the pressure of the refrigerant. The low-pressure liquid then returns to 

the evaporator and the cycle is started again.

Applications of heat pumps include processes, where heating and cooling are required: meat 

processing, dairy and beverage industries. Good candidates are also evaporation and concentra-

tion processes.

The payback period usually exceeds 2 years.
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Example of an industrial application of a heat pump in a meat processing industry21

Type of business: poultry processing 

Application: tempering before slicing and cutting frozen quarters

Payback period: 2.9 years 

The fi rst stage of the system involves capturing heat from the warm refrigerant ammonia at 

the outlets of the refrigeration compressors and preheating the water to 25 °C with heat exc-

hangers that use a water-glycol loop as the intermediary. The second stage uses a heat pump 

to heat water that was preheated during the fi rst stage. The heat pump’s refrigerant captures 

the ammonia’s condensation heat and transfers it to the water in the heat pump’s condenser. 

The heat pump heats water to between 40°C and 63°C, making it directly usable by the pro-

cesses like cleaning.

Results: Annual energy costs reduced by USD 56,000 (production of hot water by reclaiming 

heat from the evaporative condenser).

3.10 Mechanical and thermal vapour recompression

Mechanical vapour recompression is an “open-loop” heat pump system that is well suited to evap-

oration processes. It allows the latent heat contained in steam, which is often lost in traditional 

processes, to be recovered. Steam generated by evaporation is recovered by a compressor, which 

increases pressure and temperature to several degrees above the liquid’s boiling point.

After this steam reaches a high temperature and pressure, it provides a heat source for evapora-

tion by releasing its latent heat. Reclaiming the energy contents of the steam allows signifi cant 

energy savings. In fact, only 30 kWh are required to evaporate 1 m3 of steam using a mechanical 

vapour compressor, compared to 800 kWh with traditional evaporation.

Applications are concentrating milk, heating the wort kettle in beer brewing, concentrating ef-

fl uents, distillation.

Mechanical vapour recompression in the dairy processing industry22

Application: concentration of cheese whey

Payback period: 4 years

A single eff ect evaporator to concentrate cheese whey was initially steam heated. Now a cen-

trifugal compressor recovers the steam generated by evaporation and brings it to a tempera-

ture higher than the liquid’s boiling point. Thus compressed, the steam heats the evaporator: 

the steam renders its latent heat condensing when it touches the colder liquid, and so provi-

des the heat required for evaporation.

Results:
Eliminated the need for steam produced by the site boiler;
Reduced energy consumption for a net annual savings of USD 165,000 (annual savings on 

    steam amounting to USD 211,000 minus USD 46,000 in annual operating costs for running 

    an additional compressor).

21  https://www.nrcan.gc.ca/energy/publications/effi  ciency/industrial/6843

22  https://www.nrcan.gc.ca/energy/publications/effi  ciency/industrial/6843
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3.11 Cogeneration – the combined generation of heat and electricity

Traditional systems for generating electricity have an average effi  ciency of 35 to 40 percent, releas-

ing 60 to 65 percent of the energy content of their fuel into the environment as waste heat. Cogen-

eration reclaims this heat loss and applies it to heating needs, including the production of steam 

and hot water. The heat also can be used to power absorption chillers that transform heat into 

cold. Thus, cogeneration units generate electricity and heat simultaneously. This induces a high-

er overall effi  ciency that may reach 90 percent. This represents savings on fuel as high as 40 per-

cent compared to electricity and heat production using thermal power plants and steam boilers.

Industrial cogeneration facilities are generally located close to the place where the thermal ener-

gy is used. The plants are also sized to meet the heat requirements of a specifi c process.

A cogeneration facility consists of the following four main components:

The prime mover for the generator, generally a turbine or a combustion engine
An electric generator 
A heat recovery boiler to generate steam from the energy contained in the exhaust gas of the 

 turbine or combustion engine. 
A control system

The most commonly used energy sources are natural gas (gas-fi red engine and turbine), diesel 

and biogas.

If the heat to power ratio varies throughout the day or across seasons, any change in the quanti-

ty of electricity generated, or any purchase of electricity, can result in a signifi cant loss of earnings. 

Therefore, it is preferable to adjust the cogeneration plants to the needs of the site by using an ad-

ditional burner at the intake of the heat recovery boiler or a supplementary boiler.23

Cogeneration, or combined generation of electricity and heat – Meat processing industry23

Type of business: a poultry slaughterhouse and processing establishment

Application: simultaneous generation of electricity, steam and hot water using natural gas

Payback period: 5.5 years

The cogeneration plant implemented generates electricity, steam and process hot water with 

a cogeneration plant. The delivered system features the elements listed below:
5.2 - MWe natural gas turbine;
An additional burner and a heat reclamation system for producing steam for the 

    establishment; 
An economizer capable for heating water to 50 °C;
A separate building for the cogeneration unit, thereby avoiding signifi cant renovation and 

    soundproofi ng costs in the establishment.

Results:
Electricity cost reduced from USD 0.065/kWh to USD 0.05/kWh (more than 20 percent);
Increased  security of the establishment electricity supply by generating a substantial share 

    of the electricity used;
Reduced natural gas consumption approximately 4% to achieve an overall effi  ciency rate 

    (generation of electricity and heat) of 86%

23  https://www.nrcan.gc.ca/energy/publications/effi  ciency/industrial/6843
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3.12 Suggestions in chapter 3

Opportunities in process control

Opportunity Relevant

Are feedback controllers installed to control temperatures (refrigerated rooms, 

pasteurizer, etc.) and the control algorithms appropriate?


Are the sensors intact and calibrated? 

Opportunities in refrigeration

Opportunity Relevant

Allow enough time for products to cool to room temperature outside the cold 

storage


Increasing frozen food store temperature from -25 °C to -20 °C saves 10-15% of 

the refrigeration energy.


Maintain the chilling unit: clean condenser, defrost evaporator, improve insula-

tion, remove water


Opportunities in air compressors

Opportunity Relevant

Reduce air pressure: reducing air pressure from 8 to 7 bars reduces energy con-

sumption by 8%


Identify and seal leaks: leaks can consume 30 to 50% of your compressor power 

Use heat from the refrigerant cooler to provide hot water. 15% of the condens-

er heat can be useful at 60 °C.


Opportunities in motors

Opportunity Relevant

A fully loaded motor consumes its own purchase cost in electricity in 30 to 40 

days of continuous running. Always consider the whole life-cycle costs before 

buying a new motor. Make sure that calculations take into account the com-

missioning, installing and purchase costs, plus running costs such as energy 

and maintenance



Lowering the speed of a motor by just 20% can produce an energy saving of 

up to 50%.


Installing a VSD can save up to 30% of running costs. 

Opportunities in lights

Opportunity Relevant

Use daylight. 

Control lights automatically. 

Divide lights in sectors, and provide switches to control sectors independently. 

Consider LEDs. 
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Opportunities in boilers

Opportunity Relevant

Improve maintenance (Cleaning, adjustment of nozzles, air control, insulation) 

can save 10% fuel.


Recover as much as possible condensate. Check condensate traps regularly. 

Control the air/fuel rate. 

Heat recovery to preheat the combustion air can save 2 to 5% of fuel. 

Consider combined heat and power generation. 

Opportunities in evaporation

Opportunity Relevant

Triple eff ect evaporation will save 66% of fuel. 

Vapour recompression can replace the fuel by 10% electricity. 

Pre-concentration of evaporator feed with an ultrafi ltration unit can reduce fuel 

need by 35%.


Opportunities in CIP cleaning

Opportunity Relevant

Check nozzles and spray devices 

Check CIP parameters (Time, temperature, titer, turbulence) 

Opportunities from the application of heat pumps

Opportunity Relevant

Check the applicability of heat pumps (availability of heat source and heat sink). 

Check the potential for cogeneration. 
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This chapter describes emerging technologies, which have a potential to 

reduce energy consumption of processes. This includes more eff ective 

heat transfer without heat transfer medium and the replacement of 

thermal processes by mechanical ones.

Innovative emerging 
Low-Carbon 
Technologies 
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4.1 Membrane fi ltration

Membrane fi ltration is used to remove particles which are fi ner than in ordinary fi ltration tech-

niques. These are particles such as proteins, bacteria, viruses and dissolved salts. Membrane fi l-

tration can be used for concentrating, fractionating, purifying and regenerating liquids. It can re-

place partially or totally traditional methods of separation by evaporation and centrifugation.

In the agro processing industry, four types of membrane technologies are used: microfi ltration, 

ultrafi ltration, nano fi ltration and reverse osmosis. These methods are diff erentiated by their sep-

aration capacity, which is a function of the membrane pore size, and the molecular mass of the 

particles to be removed.

In many cases, they can partially or totally replace other technologies and reduce energy con-

sumption.

Sector Application

At the process entry 

point

Treatment of the boiler’s make-up water

Preparation and bacterial control of process water

During the process

Clarifying juices, beverages, beer

Concentrating juices

Removing alcohol

Standardizing milk

Pre-concentrating milk

Demineralizing whey

Eliminating microorganisms and bacteria

Reclaiming proteins

At the process 

exit point

Regenerating and recycling cleaning solutions (water and reactants)

Treating wastewater and recycling water and reactants

The main advantages of membrane technologies are as follows:

Reduction in energy consumption compared to traditional thermal processes
Proven deployment in several industrial sectors, especially dairy
Environmental benefi ts arising from increased potential for recycling water and reduced 

 energy consumption for concentration

Table 4: 

Main membrane 

technology 

applications 

for the food 

and beverage 

industry



50 | MANUAL FOR THE IMPLEMENTATION OF LOW CARBON STRATEGIES IN THE SERBIAN FOOD INDUSTRY AS A CONTRIBUTION TO CIRCULAR ECONOMY

Membrane fi ltration – Beverage industry

Type of business: fruit processing plant in the United States

Application: production of fruit juice concentrates

Concentrating fresh fruit juices is done in two stages:
From the initial 5% to 10% total dry matter: the operation eliminates 50 l of water per 100 l 

    of fresh juice by using a membrane procedure combining ultrafi ltration with reverse osmosis, 

    resulting in a less energy-intensive process than conventional evaporation;
From 10% to the fi nal concentration with an evaporator.

Results:
thermal energy required for evaporation: 1.162 MJ/kg of water evaporated
electrical energy required for membrane fi ltration: 0.232 MJ/kg 
an 80% reduction in energy requirements, corresponding to a 37% reduction of the energy 

    bill (USD 4/gigajoule for natural gas, USD 0.06/kWh for electricity and 75% effi  ciency in 

    steam generation)

Membrane fi ltration – Dairy processing industry

Type of business: dairy processing company in Canada

Application: concentration of cheese whey

Payback period: 3.6 years

To concentrate 12 500 L/hr of whey from 6 to 21 percent total dry matter, a conventional tri-

ple eff ect evaporator, not equipped with mechanical or thermal steam recompression and fed 

by steam produced in a boiler, was replaced with a reverse osmosis unit. The unit caused a sli-

ght increase in electricity consumption. However, it considerably reduces the need for thermal 

energy because the liquid is now concentrated without evaporation. Reverse osmosis is gene-

rally used to pre-concentrate whey to up to 25 percent total dry matter. For higher concentra-

tion traditional thermal evaporation methods are required.

Results:
Energy used to concentrate whey reduced by 90% (USD 173,000 annually);
Steam requirement reduced by more than 95%;
Annual electricity consumption increased by 60 MWh (approximately USD 2,400/year) for 

    the RO equipment, and the annual membrane replacement cost is USD 64,000.

4.2 New modes of heat transfer

4.2.1 Potential of new heat transfer modes

Traditional heating food in hot air ovens or by contact with heated surfaces today are comple-

mented by new, more effi  cient modes. These techniques include infrared, high frequency and mi-

crowave radiation, as well as ohmic and induction heating. The principles of these modes of heat 

transfer vary considerably. All are designed to heat the product rapidly and effi  ciently, meeting 

taste and nutritional criteria, without using a heat transfer medium like air or oil.
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The principal benefi ts of these technologies are demonstrated by the following examples:

High energy yields (up to 95 percent)
Fast start-up, stop and adjustment
Precise temperature adjustments
Oil-free frying processes
Minimal product loss

4.2.2 Infrared radiation heating

Infrared radiation (IR) heating uses electric resistors or ceramic elements, which are heated to the 

required temperature of several hundred degrees Celsius by electricity or gas for them to give off  

the desired radiation type. This can be short-, medium- or long-wave IR. The primary characteris-

tic of IR is that it is directly absorbed at the surface of the product, causing a rapid rise in tempera-

ture. This provides an interesting alternative to traditional methods that use hot air ovens or oil-

based frying. IR is ideal for heating products arranged in thin layers. It cannot heat thick products 

uniformly. For thick products, IR may even cause thermal degradation.

Infrared radiation (IR) treatment – Meat processing industry

Application: cooking chicken fi llets and pork spare ribs

Technological benefi ts: With IR, energy is transmitted directly to the product, thus eliminating 

the need for an intermediary fl uid. The operation is faster and easier to control. Also, cooking 

with IR does not require oil, which needs to be replaced regularly in traditional processes, thus 

reducing costs even more.

Results: 
Cooking chicken fi llets: The energy bill was reduced 78% (annual benefi t of USD 68,200) 

    while production capacity doubled (500 kg/hr instead of 250 kg/hr);
Cooking pork spare ribs: The energy bill was reduced 67% (annual benefi t of USD 137,400) 

    while production capacity increased 35% (950 kg/hr up from 700 kg/hr).

4.2.3 Microwave and high-frequency radiation

These technologies are based on the same principle: an alternating electrical fi eld stimulates 

movement of molecules (especially water and fats), which causes heat. They exist in the form of 

continuous tunnels and as batch chambers. Applications include tempering and cooking food, 

bacterial control in frozen products (meats, fi sh), pasteurization of packaged goods (prepared 

foods).

Microwave radiation treatment – Meat processing industry 
Application: tempering frozen turkeys prior to processing

Technological benefi ts: During microwave radiation treatment, all the energy is absorbed by 

the meat. There is no energy lost by having to heat an intermediate fl uid, as in traditional hot 

air and oil-based methods, and treatment duration is considerably reduced.

Results:
Traditional methods of tempering the fl esh reduce mass: with hot air, the reduction is 

    approximately 1 to 3% and with hot water-based processes, it is as much as 5%. 
This weight loss is negligible when the fl esh is tempered by using microwave radiation 

    treatment.
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4.2.4 Ohmic heating

Ohmic heating is also known as resistive heating. In ohmic heating, an electric current directly 

through the item to be heated. This can be liquids, provided they are reasonably conductive, that 

are generally diffi  cult to treat (heat-sensitive, very viscous, messy, etc.). Ohmic heating allows rap-

id heating of large volumes with close control.

The fi rst generation of equipment is available for cooking of meat products. It is also applied in 

heating and sterilizing milk, fruit juice, beer, and meat sauces.

4.2.5 Induction heating

Heating by electromagnetic induction involves placing the product in a fl uctuating magnetic 

fi eld. This creates eddy currents in the material, which induce heating. From a technical perspec-

tive, heat may be applied directly to the product, which heats it from inside, or indirectly to a sur-

rounding cover made of metal or other material, heating it by induction. Low system inertia al-

lows precise control of the temperature. Applications are heating and sterilizing liquids (milk, fruit 

juices), doughs and pastes.

Induction heating – Dairy processing industry

Application: high temperature pasteurization (ultra-high temperature process)

Payback period: 3.3 years

Results:
Compared to traditional methods of pasteurization that use thermal energy from a steam 

    boiler, the induction process is 17% more effi  cient;
Reduction in energy consumption resulted in net annual savings of USD 259,000.

4.3 Cold process pasteurization and bacterial control

Pasteurization of a food product is the process of eliminating or deactivating microorganisms that 

may aff ect quality. Depending on the product and the technique used, the classic process con-

sists of heating the product to a temperature of between 60°C for beer and 72°C for milk, or even 

higher. Hot pasteurization is a major consumer of energy and it may aff ect the organoleptic prop-

erties of the product.

To avoid these problems, new techniques in cold process treatment were developed to rapid-

ly reduce the microbial community at a moderate temperature. These techniques have a wide 

range of applications in the agro processing industry, from product pasteurization to disinfection. 

Over time, their deployment is expected to gain wide acceptance in Europe. Advanced technol-

ogies, such as high pressure, ultraviolent, microfi ltration and ultrafi ltration, are already in regular 

use and, the use of other technologies, such as electron beams and magnetic and electrical fi elds, 

will increase in the next few years.

The principal benefi ts of cold-process pasteurization techniques are as follows:

Reduced consumption of water and energy;
Extension of the shelf life of treated products;
No product degradation caused by heat 
Taste remains very close, to that of the untreated product;
Preservation and stabilization of vitamin content.
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Microfi ltration and ultrafi ltration treatment
Microfi ltration and ultrafi ltration are membrane fi ltration methods that make it possible to selec-

tively separate bacteria and other materials. They are already been used in the dairy and beverage 

industries for both pasteurizing and clarifying liquids. By optimizing membrane pore size accord-

ing the product being processed, these two operations may result in considerable energy savings 

because one of the steps in the process is eliminated. Applications include pasteurizing products 

and controlling water-borne bacteria.

High-pressure (hyperbaric) treatment
High-pressure, treatment exposes the product, packaged or not, to high hydrostatic pressure to 

eliminate pathogens and microorganisms. This technology can be applied to liquids like fruit juic-

es and some solids (like purées, jellies, deli meats). Until now, it has found widespread acceptance 

only in Japan.

In the fruit processing sector, high-pressure treatment preserves all the qualities of fresh fruits for 

about one month. It also has some potential for milk and cheese processing. At present, there is 

work on controlling its impact on the natural enzymes in milk and the texture of the fi nal product.

The application of high pressure facilitates the development of products with interesting charac-

teristics in texture, appearance and taste.

High-pressure (hyperbaric) treatment – Meat processing industry

Type of business: meat processing establishment in Spain (21 hr/day)

Application: pasteurization of cooked and vacuum-packaged sliced ham (625 kg/hr)

Payback: 10 years

The company based the choice on three criteria: maintaining the organoleptic integrity of the 

product; ensuring a shelf life of at least one month; low operating cost.

Ultraviolet treatment
In the United States, the Food and Drug Administration has approved ultraviolet (UV) treatment 

as an alternative to the heat process in the pasteurization of juices. UV treatment is of great inter-

est to apple juice producers with small volumes of output. The technology is also approved for 

other fresh juices, or juices from concentrate. UV technology can be used on relatively clear liq-

uids. It cannot be used on milk because the taste may be aff ected. UV treatment works well for 

disinfecting water.

Treatment with electric or magnetic fi elds
Recent advances in the area of electric and magnetic fi elds (generally pulses) can deactivate mi-

croorganisms and microbiota, with a real potential for the agro processing industry.

Applications include the pasteurization of many liquid and solid products like meat products, 

cheeses, cakes, fruits and vegetables, egg based products, purées, sauces, milk, juices, syrups. 

These treatments are still under development.
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4.4 High-effi  ciency homogenization valves24

Homogenization means breaking globules suspended in a liquid into smaller particulates. This 

procedure creates a mixture that is more homogeneous and stable. In a homogenizer the liquid 

is forced through openings or valves under pressure.

In the dairy industry, the purpose of homogenization is to break globules of milk fat into smaller 

particles to distribute them evenly throughout the milk to stabilize the product and to keep the 

fatty matter from rising to the surface as cream. The physical and organoleptic properties make 

the product attractive on the fl uid and industrial milk markets.

Recently, manufacturers have developed new high-effi  ciency valves working at lower pressures, 

reducing equipment electricity consumption 15 to 30 percent while maintaining the same qual-

ity of homogenization.

4.5 Suggestions in chapter 4

Opportunity Relevant

Check the applicability of membranes, e. g. for recycling of cleaning solutions 

or pre-concentration.


Check the potential of heat transfer without heat transfer medium. 

Check the potential of cold pasteurization. 

24  https://www.nrcan.gc.ca/energy/publications/effi  ciency/industrial/6843
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By-product 
management and 
waste utilization 
projects

The carbon footprint can be reduced also by turning waste into a useful 

by product. In the food processing industry there is a big potential for 

the valorisation of by-products. In chapter 5, several options are analysed 

which relate to the use of by products to generate additional revenue. 

The chapter also shows how anaerobic fermentation can turn organic 

waste and concentrated wastewater into a source of energy. Turning 

waste into useful products or a replacement for raw materials is one of 

the key principles of Circular Economy.
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5.1 Anaerobic treatment of effl  uents and wastes

Anaerobic digestion is one of the most promising ways of treating industrial effl  uents and waste 

with a substantial load of organic matter. In the absence of air and oxygen, some specialized bac-

teria transform organic residues into biogas (consisting of methane and CO
2
). Biogas can replace 

natural gas and fuel oil. A wide variety of organic compounds can be treated anaerobically: car-

bohydrates (starch, sugar, and cellulosic materials), fats and oils, and proteins. 

In Europe, approximately 75 percent of industrial applications are in food and beverage indus-

tries, 9 percent in pulp and paper, and 7 percent in chemicals. In the food and beverage sector, 

this technology was developed to pre-treat waste water with a high organic content. Anaerobic 

treatment converts approximately 90 percent of the organic load into biogas while producing 

fertilizer as a by-product. The main steps in the process are as follows:

Physical shredding;
Pasteurization is sometimes required prior to anaerobic treatment;
Organic matter (dissolved or suspended in water) is fed into a reactor, where, in the absence 

 of oxygen, anaerobic bacteria convert it into biogas;
Separation of biogas and solid or liquid residues;
Raw biogas, which contains between 50 and 80 percent methane and between 20 and 

 50 percent CO
2
.

Biogas also contains trace amounts of hydrogen sulphide (H
2
S). H

2
S sometimes must be removed 

from the biogas before the biogas is used as a fuel. The solid residue can be used as fertilizer, or 

can be composted, buried or incinerated. The fi nal wastewater with much lower organic load 

than the original wastewater can be treated in an aerobic wastewater treatment plant at much 

lower cost or be discharged to the environment.

Sector Application

Milk processing Dairy products (cheese, butter, cream, yogurt, ice cream, whey)

Products of slaughterhouses 

and meat processing
Wastewater and by-products from trimming

Vegetables processing
Canned or frozen products of corn, grain, potatoes, and 

oilseeds (oils, starch, margarine)

Fish, seafood Wastewater and by-products from trimming

Beverages Soft drinks, fruit juices, beer, distillery spirits, wine: waste water

Economic and environmental benefi ts:
Reduction of the effl  uent discharged into the environment or into the municipal sewage 

 system; 
Reduction in the odours released by organic waste;
Generation of biogas, an energy source that can be used as a fuel in boilers; 
Production of solid residues that can be used as fertilizer.

5.2 Emerging technologies: Direct application of manure into the soil

Serbian agriculture companies usually apply mineral fertilizers for soil fertilization. Manure is ap-

plied to smaller areas, using standard technology from the late 1980-es, employing slurry tanks to 

deliver the manure to the fi eld, where it is spread on the surface. The nitrogen losses from the ap-

plied manure using this technology are about 70 %. 

Table 5: 

Main anaerobic 

treatment 

applications 

in the food 

and beverage 

industry



58 | MANUAL FOR THE IMPLEMENTATION OF LOW CARBON STRATEGIES IN THE SERBIAN FOOD INDUSTRY AS A CONTRIBUTION TO CIRCULAR ECONOMY

The novel technology is direct application of the manure into the soil. It can off er large savings 

and great environmental benefi ts. Due to negligible nitrogen losses, a smaller amount of manure 

is needed per ha of land and a larger portion of land could be fertilized using the manure. This 

technology includes a fl oating machine for manure mixing in existing lagoons, pump, manure 

transporting hose and equipment for manure injection in the land.

 

The experience of manure application using the manure application system25 has confi rmed its 

positive eff ects on environment:

Allows a complete replacement of mineral fertilizers with manure;
Lowers the amount of fuel used for manure spreading by more than 80% compared to 

 traditional systems;
Reduces the loss of nutrients by 95% compared to land spreading of manure.

Moreover, this technology allows the farm to achieve full compliance with the Industrial Emis-

sions and Nitrates Directives, which will be soon fully implemented in Serbia. Another positive as-

pect is the economic benefi t since the system allows savings of up to 450 EUR per hectare which 

is an important additional income for farms.

This system can also be deployed using Chemical Leasing business model, where client would 

pay to the technology provider a fee based on land area which is being fertilized. By this system, 

the total amount of mineral fertilizers can be replaced by manure.

5.3 Development of by-products

There are several by-products from the processing of products from the agroindustry. Their po-

tential should be fully exploited. The various meat by-products from the industry are:

Utilisation of Blood
Animal blood can be used to make blood sausages, blood pudding, biscuits and bread. It is also 

used for non-food products such as fertiliser, feedstuff s, glues and binders. Most blood is used as 

animal food as blood meal. It is used as a protein supplement, a milk substitute, a lysine supple-

ment or a vitamin stabiliser. Blood can also be processed into a nutrient for tissue culture media, 

as a necessary ingredient in blood agar, as peptones for microbial use, for the production of glyc-

erol-phosphates, albumins, globulins, sphingomyelins, and catalase. Many blood components 

such as fi brinogen, fi brinolysis, serotonin, immunoglobulins and plasminogen are separated for 

use in chemical or medical applications.

Blood Plasma
Blood plasma is used as an emulsifi er, a stabiliser, a clarifi er, a colour additive, and as a nutritional 

component in food products. 

25  https://www.manuremanager.com/buyers-guide/pumps/puck-custom-enterprises-inc-1956

Figure 14: 

Use of agitation 

boat and 

direct manure 

application
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Hides and skins
Leather shoes and bags, rawhide, athletic equipment, reformed sausage casing and cosmetic 

products, sausage skins, edible gelatine, and glue are products from the hides of cattle and pigs, 

and from sheep pelts. Gelatine can be derived from protein. It is made from fresh raw hides or 

bones that are in an edible condition. Gelatine is added to a many foods. It also forms a major in-

gredient in jellies and aspic. 

Lard and tallow
Lard is the fat from the clean tissues of pigs. Tallow is hard fat from the fatty tissues of cattle or 

sheep. Tallow and lard are used for deep frying.

Other animal by-products
Off al is used for broth and sausages, bones for gelatine and charcoal, glands for pancreating, in-

testines as casing for sausages, stomachs for rennet and sausage, hair and bristles for brushes, tex-

tiles, upholstery, horns and claws for buttons, combs, fl ower fertilizer.

Peels, stones, and other fruit and vegetable waste
Fruit and vegetable waste can be converted into value added products like essential oils, edible 

oils, polyphenols, enzymes, pigments, anti-carcinogenic compounds, proteins, antioxidants, phy-

tochemicals, fl avonoids, terpenoids, dietary fi bres etc.

Whey
From whey, whey cheese like ricotta can be produced. Whey is used for the production of drinks. 

Spray dried whey powder can replace milk powder in many bakery products, as a fi ller e. g. in 

ice cream, but also in health products (protein shakes or powder) and chocolate26. Lactose from 

whey can be further processed into pharmaceutical products.

Waste utilization and development of by-product in a dairy sector

In one small dairy, after cheese making, sweet whey is collected and packaged. The company 

generates around 25,000 litres of cheese whey per year. This practice reduces the waste water 

load. It is conservative price to calculate 0.35 EUR/litre of income for cheese whey sold to the 

buyers. In this model the company can earn around EUR 9,000 per year.

5.4 Suggestions in chapter 5

Opportunity Relevant

Check the potential of biogas generation. 

Check the potential of by-products. 

26  http://www.furore.at/shop/bregenzerwaelder-sig-schokolade/

Figure 15: 

Chocolate from 

whey
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Low-Carbon 
energy supply

Chapter 6 summarizes the potential of renewable energy sources in 

Serbia. The important options are: straw and other agricultural waste as 

boiler fuel, hydropower, photovoltaic, solar thermal heating, and wind.
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6.1 Opportunities for Low-Carbon energy supply in Serbia

Strategic goals of the Republic of Serbia in the area of renewable energy sources are defi ned by 

the Energy Strategy. Parameters for monitoring the realization of each goal are defi ned:
Increase of energy production from renewable energy sources is important for the reduction 

 of import dependency, improving energy security and environmental protection.
Share of renewable energy sources in gross fi nal consumption of energy (27 %) as well as the 

 share of energy from renewable sources in transport (10 %) until 2020 is planned target in the 

 Action Plan for RES.

The potential of renewable energy sources in Serbia is signifi cant. It is estimated at over 4 million 

tonnes of oil equivalent (toe) per year. This corresponds nearly with the half of the annual ener-

gy needs of the country. Biomass is the greatest potential in Serbia. The biomass potential is esti-

mated at about 2.7 million toes, or 63 % of the total potential. The oil equivalent of unused hydro-

power is 0.6 million toes, geothermal 0.2 million toes, wind power 0.2 million toes, and 0.6 million 

toes of solar radiation. The average solar radiation in Serbia is about 40% higher than the Europe-

an average, but still use of the sun’s energy to produce electricity in Serbia is far behind the coun-

tries of the European Union.27

6.2 Feed-in tariff s for Renewable Power in Serbia

The Action Plan for Renewable Energy Sources (RES) for Republic of Serbia defi nes plan for share 

of renewable energy sources in gross fi nal consumption of energy as 27 %, as well as the share 

of energy from renewable sources in transport - 10 % until 2020. The Decree on incentive fees 

for electricity production using renewable energy sources and high effi  ciency CHP (National Ga-

zette No. 56/2016) specifi es feed-in tariff s and eligibility criteria for energy producers using RES.

In 2017 Chamber of Commerce of Republic of Serbia introduced Green Energy Portal. This is on-

line platform that connects buyers and sellers of biomass, as well as investors, designers, con-

tractors, distributors, banks and other participants in the market of renewable energy sources for 

business cooperation. The aim of this platform is to:

- Inform (comprehensive, relevant information about renewable energy sources, market par-

ticipants in Serbia, legislation, funding sources, news, event announcements, useful links, ...);

- Educate (standards, development of business ideas, technologies, methodologies, fi nancing ...)

- Promote (Announcements: services, equipment, machinery for RES)

- Connect (Unifi ed supply and demand in the fi eld of RES)

The Green energy platform with relevant information can be found here: http://zelenaenergija.
pks.rs/ZelenaEnergija.aspx 

27  Lazić M. (2013). Utilization of solar photovoltaic energy in Serbia, Faculty of Technical Science in Čačak
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Item 

No.
Type of electricity producer

Installed power, 

P [MW]

Incentive Fees 

[c€/kWh]

Maximal Eff ective 

Operating Time 

[h]

1. Hydropower plant

5000 h/year

1.1 up to 0,2 12.60

1.2 0,2-0,5 13.933-6.667 • P

1.3 0,5-1 10.60

1.4 1-10 10.944-0.344 • P

1.5 10-30 7.50

1.6 On existing infrastructure up to 30 6.00

2. Biomass Power Plants

8600 h/year
2.1 up 1 13.26

2.2 1-10 13.82-0.56 • P

2.3 > 10 8.22

3. Biogas Power Plants

8600 h/year
3.1 0-2 18.333-1.111 • P

3.2 2-5 16.85-0.37 • P

3.3 > 5 15

4.
Waste land gas and waste 
water gas Power Plants

8.44 8600 h/year

5. Wind Turbine Power Plants*1 9.2
9000 h per quarter 

of incentive period

6. Solar Power Plants

1400 h/year

6.1
installed on an 

object up to 0.03
9.2

6.2

installed on an 

object in range 

0.03-0.5

12.404-6.809 • P

6.3
installed on a gro-

und
9

7. Geothermal Power Plants 8.2 8600 h/year

8. High Effi  ciency CHP Plants

8600 h/year
8.1 up to 0.5 8.2

8.2 0,5-2 8.447-0.493 • P

8.3 2-10 7.46

9. Waste Power Plant 8.57 8600 h/year

*1 For wind turbine power plants, the rest of produced energy is bought by guaranteed supplier for price of 35% 

of feed-in tariff .

The right to sell electricity according to guaranteed feed-in tariff s is granted to a producer that has 

received the status of producer eligible according to Energy Law and by-law regulation, count-

ing from the day when the producer has submitted a request of the Authority. In order to regu-

Table 6: 

Feed-in tariff s for 

diff erent subjects
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late rights and obligations between producer and buyer a contract between these two parties 

should be signed.

The producer should follow the rules below:

- All produced energy should be exclusively delivered to the national grid;

- Records on generated energy need to be kept;

- If the installed power of the plant is above 5 MW, operating plans need to be produce;

- The ministry in charge needs to be informed if the supplier does not fulfi l any contract obliga-

tions.

6.3 Suggestions in chapter 6

Opportunity Relevant

Check the potential of photovoltaics. 

Check the potential of solar thermal heating. 

Check the potential for biomass fi red boilers. 
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Chemical Leasing 
in meat and dairy 
value chains

Chapter 7 introduces the concept of Chemical Leasing. Chemical 

leasing catalyses the cooperation of the supplier of chemicals and the 

consumer. According to the model, the supplier is paid for providing a 

function, not for the quantity of chemicals supplied to the consumer.
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7.1 Introduction to Chemical Leasing

Globally, the value of the chemicals industry has increased from 171 billion dollars in the year 

1970 to over 4 trillion dollars in 2014. The chemicals industry thereby accounts for over 7 percent 

of global income and 9 percent of international trade volume. 

Traditionally, chemicals are sold to customers who use them to fulfi ll certain functions. Chemicals 

suppliers have an economic interest in increasing the amount of chemicals sold (“the more you 

sell, the more you earn”). As a result, it is a common business practice to place the main focus on 

higher sales volumes. However, in many cases, this is associated with negative impacts on the en-

vironment and negative consequences for the future availability of resources.

7.2 Main attributes of Chemical Leasing

Chemical leasing inverts a supplier’s commercial interest in higher consumption of chemicals. It 

shifts the focus from increasing the sales volume of chemicals to a value-added approach. Under 

Chemical leasing the supplier sells the functions performed by the chemical and functional units 

(number of pieces cleaned, amount of area coated, etc.) become the main basis for payment.

In order to increase profi t margins, the supplier trains the user’s employees to optimize the usage 

of the chemical and reduce the amount of chemical consumed. By decoupling the payment from 

the consumption of chemicals, Chemical Leasing aligns incentives, bringing about a win-win sit-

uation for both the chemical supplier and the user. Figure 16 illustrates the distinctive approach 

of Chemical leasing compared to traditional business models.

Since chemical products provide a broad variety of services (such as cleaning, coating, colouring, 

and degreasing), Chemical leasing is applicable in a multitude of industry sectors in large compa-

nies, as well as in SMEs. Experience has shown that best results are achieved when the model is 

applied to processes that are not the core know-how of the chemical user. Key elements of suc-

cessful chemical leasing business models are proper benefi t sharing, high-quality standards and 

mutual trust between participating companies.

Chemical leasing brings following benefi ts for both supplier and user:
Innovative business approach: reducing chemicals increases the fi nancial benefi ts of both 

 partners; 
Optimization of production process/less environmental impact; 
Waste reduction and waste recycling is encouraged; 
Long-term business relationships are formed/partnership development; 
Improved competitiveness for both partners/continuous learning; 
Sound technology transfer/sharing of know-how.

Figure 16: 

Chemical Leasing 

approach
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7.3 Application of the Chemical Leasing business model in agriculture

Agro-chemicals are commercially produced, usually synthetic, chemical compounds used in 

farming — such as a fertilizer, pesticide or soil conditioner. Global consumption of pesticides is 

more than 1,000,000 tonnes per year, while the worldwide consumption of fertilizers is more than 

50,000,000 tonnes per year. Therefore, huge reduction potential for chemicals exists with signifi -

cant benefi ts for health and the environment.

It is not uncommon for farmers, to invest more into their agricultural production by choosing hy-

brids that do not meet their full potential or by overconsumption of fertilizers and pesticides, than 

they actually need. Chemical leasing provides the opportunity to the rational use of chemicals 

(mineral fertilizers, pesticides, petroleum as a fuel), increase yields and reduce production costs 

and at the same time preserve the environment.

There is a signifi cant potential for reduction of pesticides and fertilizers consumption by the inau-

guration of Chemical leasing business model. It has to be noted there a the role for service pro-

viders (distributors) is vital for successful implementation, due to their specifi c knowledge of the 

product and process.

Concerning pesticides, intensifi ed collaboration along the supply chain off er following pathways 

for Improvement:
Selection of appropriate pesticides;
Timing and frequency of pesticides application;
Suitable indicators for pesticides applications;
Maintenance of sprayers;
Suitability of sprayers.

The achieved benefi ts are effi  ciency increase, cost reduction, higher quality of products and ul-

timately improved competitiveness. Payment could be linked to agriculture area free of pest or 

achieved yield.

Regarding fertilizers, in most cases, more fertilizers bring more yield. Therefore, a simple reduction 

of fertilizers amount is only a solution beyond its critical point.

Figure 18: 

Correlation 

between yield 

and fertilizer use

Efficency increase due

to knowledge exchange
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The main possibility for improvement lies in more effi  cient use of pesticides. This could be 

achieved through the following actions:  
Analysis of soil; 
Analysis of plant needs; 
Special additives to standard fertilizers; 
Best practice applications.

Payment could be related to yield, soil quality improvement or area of arable land where the ap-

plication of classical fertilizers is reduced.

Many infl uences in agriculture cannot be put under control (weather conditions, type of pests 

and disease that can occur during the cultivation period). Therefore, there must be a control fi eld 

which is fertilized traditionally in order to create a baseline. Other treatments would be the same 

(pest control, irrigation). Additionally, it has to be noted that there is no reliable way of control if the 

proper quantity of fertilizer is applied. This emphasizes the importance of trust between parties. 

Cultivation of wheat

The project was carried out on a wheat farm of 8 ha. In order to compare the results of the Che-

mical leasing approach with the business as usual approach, the estate was divided into two 

equal parts. According to the contract, the diff erence in profi t, positive or negative, on the part 

of the holding on which the model is applied, is shared equally.

On the one part of the plot, the farmer worked according to established practice - always using 

the same amount of fertilizer, regardless of the condition of the land. The Chemical leasing plot 

was cultivated according to the instructions of the distributor, concerning the land preparati-

on, the choice of fertilizer by the results of soil testing, selection of seeds, amount of seeds, se-

lection of pesticides and time of their application. By these results, the fertilizing was carried 

out only with urea, because the soil was already rich in potassium. This represented the big-

gest economic benefi t for farmers.

The yield on the part of the fi eld where the ChL model was applied was 6,808 kg/ha, while on 

the part of the fi eld processed on the traditional way was 6,675 kg/ha. Through the coopera-

tion of distributor and farmer, in addition to economic gain, a reduction of negative environ-

mental impact has been achieved through resource saving and reduction of air and soil po-

llution:
Reduced land processing resulted in 17% lower fuel consumption and lower air emission  

    from diesel combustion;
Reduced consumption of potassium-phosphorus fertilizer, due to soil testing (400 kg/ha);
Reduced nitrogen fertilizer consumption by 45% due to soil and chlorophyll content in the 

    leaf testing  (154 kg/ha);
Reduced pollution of soil by pesticides due to the use of adequate seed quantity and targeted 

    pesticide, applied in half of the amount used in traditional part.

The most signifi cant economic benefi t is the savings in the application of fertilizers, 16 EUR/t 

of wheat was spent on the „Chemical leasing“ part, while 47 EUR/ t of wheat was spent on the 

„traditional part“ of the fi eld.

The total savings on fertilizers amounted to 896 EUR, while the income on „ChL“ plot was hig-

her by 100 EUR. Profi t per hectare on the ChL part was higher by 215 EUR according to wheat 

prices at the time of harvest, which resulted in 18% more profi t.
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7.4 Application of the Chemical Leasing model in dairy and meat 

 processing operations

Main opportunities for the application of Chemical Leasing business model in dairies and meat 

processing operations lies in the cleaning process. In cleaning of facilities, the equipment surfac-

es are usually fi rst thoroughly cleaned with chemical detergents and then disinfected. Therefore, 

a big amount of chemicals is used, which leads to the potential for introduction of Chemical Leas-

ing business model. 

Cleaning in a slaughterhouse and meat processing

Cleaning was assessed in a slaughterhouse in Serbia in collaboration with experts from the 

company which is a global leader in ChL applications in food & beverage industries. The walk 

through assessment of the facility revealed unsatisfactory hygienic conditions of the plant.

The proposed solution to this problem is to increase the amount of chemicals slightly, and the 

purchase of the Typhoon mobile foam generator. 

It is to be expected that replacement of current chemicals with new type of chemicals will de-

crease annual costs of cleaning agents by 4,000 EUR. However, purchase of the Typhoon mo-

bile foam generator will require an investment of EUR 9,200, leading to a payback time of 2.3 

years. It is important to emphasize that due to a higher quality of chemicals, better equipment 

and training of staff , an increase in hygienic conditions can be expected. The proposed unit of 

payment is a monthly fee for daily cleaning operations for six days per week.

7.5 Suggestions in chapter 7

Opportunity Relevant

Check the potential of Chemical Leasing 

Check the potential of contracting. 
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Chapter 8 describes how interventions in a Low-Carbon project help to 

reach the goals of inclusiveness and gender mainstreaming.

Inclusiveness 
and gender 
mainstreaming
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8.1 Why inclusiveness and gender equality are matter? 

Low carbon production as an innovation related to climate change actions and sustainable and 

green economy has strong development component and is also part of wider eff orts related to 

achieving SDGs. Due to various social and economic factors, some groups will not benefi t from 

development interventions and SDGs or other targets could not be met.  This is recognised by 

UN and Member states in the “leave no one behind28” approach, which means that “the Agenda’s 

Goals and targets should be met for all nations and people and for all segments of society. Fur-

thermore, they endeavoured to reach fi rst those who are furthest behind”. In practice, that means 

that all actions and data need to address various (vulnerable) groups. 

Gender equality is also one of SDGs (SDG 5), but it is also SDG that crosscuts all the others.  Pover-

ty reduction, for instance, is not possible without poverty reduction of women, Roma or other vul-

nerable groups and elimination of factors reproducing poverty and social exclusion. 

One of the most important inequalities is the one between men and women, boys and girls, 

grounded in gender based roles and stereotypes. In various sectors, gender inequalities have dif-

ferent manifestations and consequences, therefore taken actions will have diff erent impact on 

men and women29. In order to achieve gender equality, gender mainstreaming has been adopted 

as the global strategy30.  That means that in creation, implementation and evaluation of any pol-

icy (including various policy instruments – strategies, laws, budgets etc.) or project, existing gen-

der inequalities should be taken into consideration and measures for achieving equality should 

be defi ned with the purpose to:

Ensure equal participation, resource distribution and benefi ts for all, 
Identify opportunities for empowerment of women and other groups within the intervention. 

Over the past 10 years, there have been ever more researches, projects and policies, related to 

gender issues in climate change, environmental protection and energy sector. In 2017 Gender 

Action Plan under the UNFCCC31 has been adopted and calls for action in fi ve priority areas in-

cluding capacity building, gender responsive implementation, monitoring and reporting, deci-

sion making participation etc. Still, “only 0.01 percent of all worldwide funding supports projects 

that address both climate change and women’s rights.”32

Men and women have diff erent needs and roles, and could contribute to climate change actions 

or implementation of new solutions in various ways. There are also opportunities for poverty re-

duction and empowerment of women in clean energy projects – for instance, projects that en-

able women to earn an income through the use or supply of renewable energy services33. On 

the other hand, “the role of social actors is regarded as critical for the successful implementation 

28  https://unstats.un.org/sdgs/report/2016/leaving-no-one-behind 

29  Intersectionality  

30  “Mainstreaming a gender perspective is the process of assessing the implications for women and men of any planned action, 

including legislation, policies or programmes, in all areas and at all levels. It is a strategy for making women’s as well as men’s con-

cerns and experiences an integral dimension of the design, implementation, monitoring and evaluation of policies and program-

mes in all political, economic and societal spheres so that women and men benefi t equally and inequality is not perpetuated. The 

ultimate goal is to achieve gender equality.” http://www.un.org/womenwatch/daw/csw/GMS.PDF 

31  https://unfccc.int/sites/default/fi les/cp23_auv_gender.pdf 

32  UNDP, Gender and Climate fi nance, 2016 http://www.undp.org/content/dam/undp/library/gender/Gender%20and%20Envi-

ronment/UNDP%20Gender%20and%20Climate%20Finance%20Policy%20Brief%205-WEB.pdf 

33  http://pubs.iied.org/pdfs/10117IIED.pdf 
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of technological innovations such as the adoption of clean energy both on the supply and de-

mand sides”34.

The “leave no one behind” approach and gender mainstreaming have been integrated in the im-

plementation of the project “Inclusive and Low Carbon Production and Chemical Leasing in meat 

and dairy value chains in the Republic of Serbia”. The gender analysis has been conducted and 

entry points for gender mainstreaming have been identifi ed and included recommendations for 

various actors engaged in introducing low carbon and cleaner production. 

8.2 Inclusiveness and gender mainstreaming in Low-Carbon 

      production in Serbia 

Serbia occupies 40th place in the Global Gender Equality Index35. The main inequalities are still re-

lated to the position of women in labour market (labour force participation rate is 45.9 for wom-

en and 61.7 for men), household labour division (women work twice more than men on unpaid 

jobs36) and participation in decision making, especially at the level of local communities (only 13% 

of members of local community councils are women). Gender stereotypes and gender roles are 

still strong, particularly in rural areas. Rural women are considered as vulnerable group of women 

due to traditional gender roles that infl uence access to resources and labour distribution. 

Women are agricultural household holders in 23.6% cases and only 15.9 they are managers of ag-

ricultural households; 88% of houses are owned by men and 84% of women do not have own-

ership of agricultural land. Women are less formally employed in agriculture: 86% of formally em-

ployed are men, and 17.8% of rural women do not have health insurance. In 2015, of the total 

funds available for subsidies agricultural households where male are holders were supported 

with 84% of funds and 153 million EUR, while on PG, where the bearers are women were support-

ed with only 16% or 29 million EUR. Agricultural farms registered on women belong to non-farm-

ing activities, organic farming and vegetable production, although they do not make up the ma-

jority in any of these, while the farms held by men are far more present in livestock breeding and 

crop production.

On the other hand, energy sector is still male-dominated: Researchers and developers record 

more employed men than women, with only 37% women in the fi eld of engineering and tech-

nology. Women are underrepresented in energy sector at the EU level. The share of female tech-

nical staff  is at most 6%, in decision-making positions it is about 4%, and in the top- management 

the share is less than 1%.

The learning opportunities and strengthening individual capacities and motivation is particular-

ly important for engagement of women. Intermediary organisations such as farmer associations 

and women’s organizations are central to enabling women to realize their personal goals while 

allowing gender to be taken to scale in LED, as is the case for other technology interventions. This 

requires work to expand their social capacities37.

34  https://www.utwente.nl/en/bms/cstm/chairs/energy-and-gender/ 

35  http://hdr.undp.org/en/composite/GII 

36  http://www.stat.gov.rs/sr-Latn/oblasti/stanovnistvo/statistika-polova 

37  Rozen Farnworth, at al. Incorporating gender into low-emission development: a case study from Vietnam, 2017  https://doi.or

g/10.1080/09718524.2017.1385314 
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8.3 Recommendations for a gender responsive approach

Bearing in mind policy framework (both at the global and national level) and current gender in-

equalities, there are three main directions for more inclusive and gender responsive actions: 1) 

outreach to women and their engagement in activities, including provision of long term support 

and  2) capacity building of relevant staff , decision makers etc. and advocacy for gender respon-

sive approach; 3) institutionalisation of gender mainstreaming in projects preparation, implemen-

tation and monitoring. 

Ensure mapping of local gender “infrastructure” in the project design phase, as well as in the 

implementation phase. This may include local municipal gender institutions if they exist, lo-

cal women’s organisations, and gender knowledge providers. If working in rural areas, wo-

men’s rural organisations could have an important role in approaching women farmers, for 

information and knowledge sharing;
Organise seminars for women and men farmers on fi nancial literacy of agriculture, simple ca-

lculations, business planning, and management and sales skills;
Provide support for networking events, study visits to farms and educational programmes for 

women farmers;
Organise training programmes for women and men on good farm practices and animal 

welfare, good milking practices including usage of small equipment, for organic industrial 

processing and manufacturing for farm owners, workers and technologists; 
Organise seminars for women farmers on organizing into clusters, associations, cooperatives;
Training for agricultural advisors with the aim to increase their awareness on gender issues 

and position of women in agricultural production;
Development of criteria for selection of companies to include affi  rmative measures for wo-

men owners or managers of farms and companies or to ensure participation of women in tra-

inings aimed at employees in companies but also to small family farms.

8.4 How to apply and monitoring gender equality in companies

There are numerous guidelines and handbooks38 on how to apply gender equality principles in 

companies (or organizations in general) some produced also by UNIDO39.

1. First of all it is important to ensure gender awareness in company leadership, through trai-

ning, informative materials etc.; 

2. Data about employees, including education, years in the company, salaries and benefi ts, wor-

king hours etc. need to be disaggregated by sex and analysed at the semi-annual or annual 

level. Data could reveal inequalities that could be further explored in order to create solutions 

and measures for achieving gender balance and promote gender equality; 

3. In larger companies, HR staff  should be trained in the fi eld of diversity and gender equality 

and to collect and analyse gender disaggregated data about employees and to develop and 

to apply policies and measures for achieving or maintain gender equality; 

4. Companies could identify opportunities to promote education and career development for 

women; 

38  Some are prepared by ILO, World Bank group or other UN agencies https://www.ifc.org/wps/wcm/connect/3dbbf98a-f919-

408e-bca0-700e4c5efecd/SheWorks+Final+Report.pdf?MOD=AJPERES , https://libguides.ilo.org/c.php?g=259898&p=4648962, 

https://www.unglobalcompact.org/take-action/action/womens-principles 

39  https://www.unido.org/sites/default/fi les/2016-03/new_Guide_on_Gender_Mainstreaming_Business_Investment_and_Te-

chnology_Services_for_Private_Sector_Development__3__0.pdf 
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5. Companies could work on measures to support work-life balance, friendly and safe working 

environment for men and women; 

6. Companies could promote gender equality, human rights and diversity as values they stand 

for; 

7. Companies and external staff  need to ensure equal access to knowledge, technology and tra-

ining to all employees (men and women equally) in the process of introducing low carbon 

and cleaner production.

8.5 Suggestions in chapter 8

Opportunity Relevant

Pay equal salaries to women and men working in the same positions. 

Train women and men in the same qualifi cations to the same level. 
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Case 
studies

Chapter 9 describes some measures implemented by companies from 

dairy and meat processing industry of Serbia.
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9.1 Insulation of pipes and installation of a biomass boiler

9.1.1 Non-insulated pipes, valves and fi ttings in the heating pipeline

Non-insulated parts of the heating pipeline are a source of signifi cant heat losses. These losses 

can be reduced to the acceptable level by using proper insulation materials. At the beginning of 

the project, on the broiler farm, parts of the heat distribution pipeline were not insulated, inclu-

ding the valves and other fi ttings. The suggestion made within the project resulted in application 

of insulation to non-insulated pipes in the heating line, while removable insulation pads were in-

stalled on valves and fi xtures to enable maintenance operations when needed. 

Investment: EUR 1,500

Savings: EUR 870 per year

Simple payback period: 1.7 year

9.1.2 Switch to biomass fi red boilers

To meet its heating load, two coal fi red boilers were initially used. The rated power of the boilers 

is 350 and 500 kW. The heating system is also equipped with a 10 m3 and a 5 m3 hot water accu-

mulation tanks. At a cost of coal of 90-110 EUR/t, the operator could achieve signifi cant savings 

by the modifi cation of the existing boilers for burning straw. With the cost of biomass at the local 

market of 30-35 €/t, it was profi table to replace the existing manual coal feeding system by an au-

tomatic biomass feeder. Furthermore, the company could use fruit pits and animal feed organic 

by-products from the nearby companies.

Figure 19:

Valves before 

and after the 

insulation

VALVES BEFORE INSULATION VALVES AFTER INSULATION
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Since the farm has expanded its production capacity, the heating load was increased. Hence, the 

available capacity of the coal fi red boilers could not meet the new heating loads.

Faced with purchase of an additional boiler, the company has decided to buy a new one to cov-

er the entire demand and switch fuel from coal to biomass. The company has purchased and in-

stalled new 1 MW biomass hot water boiler with an automatic biomass feeder. New boiler has re-

placed two previously used coal fi red boilers, that could not meet the required heating demand. 

The main fuel for the new boiler is wood chips, but the company is now also able to use fruit pits 

and animal feed organic by-products from other companies. Total investment in the boiler was 

€60,000 and preliminary savings on solid fuel are just over €16,000. The investment is expected to 

pay off  within 4 years and reduce CO
2
 emission by 259 t of CO

2ekv
 per year.

Investment: EUR 60,000

Savings: EUR 16,400 per year

Simple payback period: 3.7 years

9.2 Waste milk recovery

The most common disease in dairy cow milking operations is the infl ammation of cow udder 

(mastitis), which results in increased somatic cell count in the cow milk. Such milk is microbiolog-

ically inadequate for distribution and further processing so it is a common practice in Serbia to 

throw away such milk as waste which is environmentally irresponsible.

Such milk cannot be used as feed for baby calves so producers need to purchase milk substi-

tutes to feed them which signifi cantly raise the cost of their production. Another issue with feed-

ing baby calves during cold weather, especially during the winter, is keeping the milk adequately 

warm. Milk is usually around 37°C when milked, but by the time it comes to the calves its tem-

perature easily drops to 20°C which reduces the quality of the milk and can cause diff erent health 

problems if fed to calves.

To upgrade sanitation processes in milking operations, the portable pasteurizing machine (Milk-

Taxi) could be the solution. One of the main functions of a Milk-Taxi is keeping the temperature 

of the milk after it’s been milked and its transportation from one location where the cows are, to 

another location where baby calves are located. The task is to keep the milk at 37°C which is the 

natural temperature of the milk and the most suitable temperature for feeding the baby calves. 

Milk that has increased somatic cell count can be pasteurized with this device and used as feed 

for baby calves. It’s a type of waste management because such milk was considered as a waste 

and disposed away.

Figure 20: 

Biomass boiler
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That leads to signifi cant cost reduction in dairy production because it removes the need of pur-

chasing milk substitute for calf feeding. It greatly improves management of the calf feeding pro-

cess by taking the physical load of the user, so feeding can be done without force and strain. 

It’s easy to operate and it speeds up the calf feeding process. Feeding 30 calves by bucket takes 

around 25 minutes. Using a Milk-Taxi takes only 11 minutes. The Milk-Taxi is specifi cally designed 

to be used by both women and men. It has electric engine and remote controls by which it is op-

erated with using minimal physical eff ort.

Implementation of Milk-Taxi will contribute to improved management of waste milk on the farm 

which was included in the Project. At the farm there are 80 calves that are feed with milk. Each 

calve drink 4.5 l/day of milk. If there is half of this quantity milk that does not meet the require-

ments and should be pasteurized before it is used for calves feeding, the cost benefi t for the milk 

saved is EUR 15,000. The simple payback period for investment in Milk-Taxi is 0.65 years.

Investment: EUR 9,770 

Savings: EUR 15,000 per year

Simple payback period: 0.7 years

9.3 Waste heat recovery from biogas power plant for drying of 

      vegetables

One of the ways to rationally use waste heat generated in biogas power plants is to use genera-

ted heat to dry agricultural products. Not only does this ensure rational use of energy contained 

in biogas, but it also opens the opportunity for obtaining products with added value, which can 

additionally encourage development of agricultural activities within the company itself, but also 

among small nearby agricultural producers. 

Waste heat recovery for drying the vegetables has been analysed on the example of a biogas CHP 

power plant with a capacity of 1.5 MWel. The biogas plant processes about 40 t/day of cow ma-

nure, corn silage, and other materials and produces about 6,000,000 Nm3 of biogas annually, ge-

40  http://www.urban-feeder.com/milkshuttle/urban-milkshuttle/

Figure 21:

Example of a 

MilkShuttle40
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nerating about 12,000,000 kWh electricity annually. The generated electric energy is exported to 

the grid, using the government feed-in tariff . The basic data about the plant is shown in Table 7.41

Biogas plant

Type of the biogas plant Agricultural biogas plant 

Type of fermentation Mesophilic

Annual biogas production ~6,000,000 Nm3

Annual electricity production ~12,000,000 kWh

Input materials Maize silage: 14,000 t/year

Cattle manure: 27,000 t/year

Sugar beet cut-off : 10,000 t/year

Vegetables production waste: 1,000 t/year

In the process of electricity production, the biogas fuelled CHP power plant generates an equal 

amount (1.5 MWth) of heat. Only a small part of this heat energy is used, about 10%, by the pro-

cess itself, i.e. for heating the digester. In addition, around 20% of this heat is used for space heat-

ing of the nearby administrative building belonging to the company, but only in the winter pe-

riod. The remaining amount of generated heat energy is released to the environment through 

the air-cooled heat exchangers. The total amount of heat energy released to the environment 

amounts to 12,000 MWh/year. 

The analysed options for utilisation of this waste heat included district heating for households in 

the nearby city, drying of the material, such as digestate, sludge from waste water treatment, sol-

id biomass and agricultural products, as well as cooling and additional production of electricity. 

Drying of vegetables has turned out to be the most favourable option, while other mentioned 

options indicated lower market potential and sustainability. The option for vegetable drying was 

corroborated by:

1. Location of the plant. The location of the drying plant can be close to the heating source – 

cogeneration facility motor. 

41  http://www.savakovacevic.rs/

Figure 22: 

Biogas facility

Table 7: 

Biogas power 

plant basic data
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2. Possibilities for the increase of vegetables production. The company currently owns more 

than 4,000 ha of arable land, mainly under irrigation system, favourable for vegetable produ-

ction. The company is currently using only a part of this area (about 700 ha) for vegetables 

production due to lack of a storage for longer maintenance of vegetables. On the majority of 

the land corn and wheat are grown. The construction of a drying plant will enable the com-

pany to dedicate a larger portion of land to vegetables production. Dried vegetables have a 

large market potential and are easy to handle and store and growing of vegetables is more 

profi table, compared to the currently grown corn and wheat. In addition, the company is cu-

rrently renting drying plants for vegetables it produces, which additionally limits the capaci-

ties for production of dried vegetables. 

3. Possibilities for development of small local producers. The surrounding region has a great 

potential in terms of production of vegetables, fruits and herbs that cannot be fully exploited 

due to the fact that small producers are selling only fresh products that have shorter durati-

on and can easily deteriorate if not treated. When the dryer plant is operational, the company 

will be able to make contracts with small farmers in the surrounding area to produce larger 

amounts of vegetables. 

4. Market potential for dried vegetables. As the company will use waste heat from the biogas 

power plant instead of the traditionally used fossil fuels or electricity, the cost of the produ-

ction of the dried vegetables will be lower than the competition, allowing the company to 

sell them at a competitive price.

Operation of the drying plant is based on drying in the hot air current, heated by 90° C hot wa-

ter prepared in the biogas plant using waste heat. The plant can be used for drying various vege-

tables, but the capacity for drying diff ers and depends on the initial moisture content and target 

product specifi cation (fi nal moisture content, maximal allowed drying temperature). The drying 

plant is presented in Figure 23.

By market analysis has indicated that there is greatest demand on the market for spinach, pars-

ley, peppers and herbs. The drying capacity of the plant calculated according to available heat 

(1.35 MWth, temperature range 90/70°C, 300m distance from the dryer) is 1,200 kg/h for spinach. 

In case that available heat is not suffi  cient for drying, additional equipment for natural gas com-

bustion can be used.  

The equipment costs (including dryer and vegetable preparation, transport, installation and con-

nection to the existing infrastructure) have been estimated at EUR 400,000 to EUR 450,000.

42  http://www.alvanblanchgroup.com/ 

Figure 23:

 “Alvan Blanch” 

multi-purpose 

belt dryer 

(proposed 

for drying of 

vegetables)42
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Total number of days when the dryer will be used to dry vegetables ranges between 160 and 210 

days a year, and the remaining capacity can be used to dry vegetables produced in smaller agri-

cultural plots in the surrounding area.

The estimated share of energy in fi nal product costs (dried vegetables and herbs) ranges be-

tween 5 and 8, depending on the type of crop, market conditions and type of energy or fuel used 

for drying. Compared to other companies using fossil fuels (natural gas) or electricity for drying, 

waste heat recovery would provide for advantage and achievement of lower production prices 

compared to competition of app. 5%, which is a signifi cant margin in wholesale.

Preliminary results indicate that income from the sale of dried vegetable could range between 

EUR 290,000 and EUR 310,000 annually, which means that the initial investment of EUR 400,000 – 

450,000 could be repaid within 1.5 year.

The calculation of the expected environmental impact of the project was made assuming that 

the company would use electricity for drying instead of waste heat from the biogas power plant. 

The calculation of the expenses for electricity and CO
2
 emissions reduction is shown in Table 8.

Annual value

Required power for drying 1.35 MW

Number of months of operation 9

Number of days of operation 270

Number of hours of operation 6480

Required energy for drying 8748 MWh

CO
2
 emission reduction 8.270 t

Investment: EUR 400,000 – 450,000 

Savings: EUR 290,000 – 310,000 a year

Simple payback period: ~ 1.5 year

Table 8: 

Electric energy 

cost of drying





84 | MANUAL FOR THE IMPLEMENTATION OF LOW CARBON STRATEGIES IN THE SERBIAN FOOD INDUSTRY AS A CONTRIBUTION TO CIRCULAR ECONOMY

10 References

EU Legislation:
https://ec.europa.eu/clima/policies/strategies/2030_en

https://ec.europa.eu/clima/policies/strategies/2050_en

https://ec.europa.eu/energy/sites/ener/fi les/documents/2012_energy_roadmap_2050_en_0.

pdf

https://ec.europa.eu/transport/sites/transport/fi les/themes/strategies/doc/2011_white_paper/

white-paper-illustrated-brochure_en.pdf

http://ec.europa.eu/environment/circular-economy/index_en.htm 

Serbian legislation:
Genić, S., Stamenić, M., Živković, B., Čantrak, Đ., Nikolić, A., Brdarević, Lj.: Manual for training of en-

ergy managers for industrial sector within System of Energy Management in Republic of Ser-

bia, Ministry of Mining and Energy, Republic of Serbia, University of Belgrade, Faculty of Me-

chanical Engineering, Belgrade 2017

Program of Implementation of the Energy Sector Development Strategy of the Republic of Ser-

bia for the period to 2025 year with projections to 2030, National Gazette of Republic of Ser-

bia, No. 104/2017

Regulations on energy effi  ciency of building construction (“Offi  cial Gazette of the Republic of 

Serbia” No. 61/2011) 

Regulations on the conditions, content and manner of issuing certifi cates of energy perfor-

mance of buildings (“Offi  cial Gazette of the Republic of Serbia”, no. 69/2012)

The Effi  cient Use of Energy Law (“Offi  cial Gazette” no. 25/2013) in Serbia

The Energy Law (“Offi  cial Gazette of the Republic of Serbia”, no. 145/2014) 

Carbon Footprint:
https://ghgprotocol.org/calculation-tools

https://www.iso.org/standard/38381.html

Electricity tariff s in Serbia:
http://eps.rs/En

Tools:
https://www.ifm.eng.cam.ac.uk/research/dstools/value-chain-/

Lowe, E., Evans, L., Industrial ecology and industrial ecosystems, Journal of Cleaner Production, 

Vol. 3, issue 1-2, 1995

Rulebook of the conditions for distribution and use of the Budget Fund funds for improving the 

energy effi  ciency of the Republic of Serbia and the criteria for exemption from performing 

an energy overview (“Offi  cial Gazette” no. 15/16)

http://apki.net/wp-content/uploads/2012/07/Global-Industrial-Energy-Effi  ciency-Benchmark-

ing-An-Energy-Policy-Tool.pdf 

Chemical Leasing:
Chemical Leasing in Agriculture, presentation Lakmini Edirisinghe, Vojislavka Šatrić, Reinhard 

Joas, Aleksander Startzev, Aleksander Uzunov, Maria Grineva



References | 85

Global Promotion and Implementation of Chemical Leasing Business Models in Industry, UNIDO 

2016

https://www.ebrd.com/downloads/about/sustainability/cef.pdf

Implementation of Chemical Leasing Business Model in Agriculture; Vojislavka Šatrić, Dejan 

Čorogar, 2017

Technical options:
https://blog.craneengineering.net/what-you-should-know-about-optimizing-clean-in-place-

cip-processes

https://www.carbontrust.com/media/39212/ctv004_food_and_drink_processing.pdf

https://www.nrcan.gc.ca/energy/publications/effi  ciency/industrial/6843

https://www.spxfl ow.com/en/assets/pdf/CIP_Systems_22003_05_02_2013_GB_tcm11-7665.pdf

CIP Guide from Tetrapak: https://tpcomprod.blob.core.windows.net/static/documents/cip-

guide.pdf

Gender issues:
https://unstats.un.org/sdgs/report/2016/leaving-no-one-behind 

http://www.un.org/womenwatch/daw/csw/GMS.PDF 

https://unfccc.int/sites/default/fi les/cp23_auv_gender.pdf 

UNDP, Gender and Climate fi nance, 2016 http://www.undp.org/content/dam/undp/library/gen-

der/Gender%20and%20Environment/UNDP%20Gender%20and%20Climate%20Finance%20

Policy%20Brief%205-WEB.pdf

http://pubs.iied.org/pdfs/10117IIED.pdf 

https://www.utwente.nl/en/bms/cstm/chairs/energy-and-gender/ 

http://hdr.undp.org/en/composite/GII 

http://www.stat.gov.rs/sr-Latn/oblasti/stanovnistvo/statistika-polova 

Rozen Farnworth, at al. Incorporating gender into low-emission development: a case study from 

Vietnam, 2017  https://doi.org/10.1080/09718524.2017.1385314

https://www.ifc.org/wps/wcm/connect/3dbbf98a-f919-408e-bca0-700e4c5efecd/SheWorks+-

Final+Report.pdf?MOD=AJPERES , https://libguides.ilo.org/c.php?g=259898&p=4648962 , 

https://www.unglobalcompact.org/take-action/action/womens-principles 

https://www.unido.org/sites/default/fi les/2016-03/new_Guide_on_Gender_Mainstreaming_

Business_Investment_and_Technology_Services_for_Private_Sector_Development__3__0.

pdf





Manual for the implementation 
of Low Carbon strategies 
in the Serbian food industry 
as a contribution to Circular Economy

Cleaner Production Centre of the

Faculty of Technology and Metallurgy

University of Belgrade 

www.cpc-serbia.org


