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Abstract 

In order to answer modern challenges, which come from increasing needs in energy for 
private persons and industries as well as in order to decrease negative environmental 
impacts, caused by the processes of energy generation, it is important to constantly search 
for untapped energy efficiency potential. Moreover, nowadays, energy efficiency has 
become one of the prerequisites of successful market competitiveness for any type of 
industry on local and global levels. 
 
An energy audit is an instrument, which can be used for understanding how the energy is 
used and identify possible energy-saving opportunities.  It can be applied to a facility as a 
whole, as well as individually to equipment, system(s) or process(es). Moreover, energy 
saving measures can be both cross-cutting and sector-specific. 
 
The purpose of this project was to conduct a detailed energy audit of the Hagby waste 
recycling plant and to identify beneficial energy saving opportunities from economic, 
environmental and social perspectives.  
 
In the frames of a preliminary energy audit 10 focus areas for further analysis were 
identified.  For every area a baseline assessment of the current energy performance was 
conducted, possible energy management opportunities were identified and evaluated as 
well as results of each analysis were summarized.  
 
According to the results of the study, with the implementation of the suggestions, which 
require no, low or medium investments it is possible to save 3,2% of the energy per year, 
which corresponds to 76 846 kWh. Energy consumption can further be decreased by 
implementing measures, which need high initial financial investment. In that case total 
savings will be 468 846 kWh or 19,4% of total annual energy consumption. Additional 
energy might be saved just by introducing energy housekeeping measures. Finally, 

implementation of all the proposed EMO can bring 14,46 tons of 2CO  savings annually. 

Additional benefits of implementing the energy saving opportunities come from decreasing 
environmental impacts, improving working conditions of the plant employees and higher 
energy security at the plant. 
 

The results of the energy audit can be a solid base for establishing an energy management 
program at the plant, which will include performance targets, required resources and a 
clear procedure of realization of improvements. However, since some of the calculations in 
the current study are based on various assumptions, after the company forms the energy 
management program, it is necessary to invite experts from industry in order to give 
accurate calculations for each of the focus areas. 
 
 

Key words: energy audit, energy efficiency, energy saving opportunities 
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1. Introduction 

Energy has always been and remains one of the main strategic premises for the 
development of any economy and the foundation of all forms of social life. Fast growing 
economies as well as rapid population growth lead to inevitable increase in energy 
consumption. According to the projection, done by the Swedish Energy Agency in 2013, the 
total energy consumption in Sweden might increase by 10,4% by 2020. The biggest 
increase is expected in the industrial sector – 24,2 % by 2020 and further 3,5 % by 2030 
(IEA, 2013). Annual energy consumption in the Swedish industrial sector decreased around 
1% in 2013 compared to 2012 and was 144 TWh, which corresponds to around 38 per cent 
of total energy use in Sweden (SEA, 2015).  
 
In order to answer modern challenges, which come from increasing needs in energy for 
private persons and industries as well as in order to decrease negative environmental 
impacts, caused by the processes of energy generation, it is important to constantly search 
for untapped energy efficiency potential. Moreover, new climate and energy policies 
(European Commission, 2015) as well as demands from customers (Lindelöf, 2016) 
motivate companies to analyze their energy consumption more carefully and take actions, 
aimed on finding ways of improving energy performances of company’s operations.  
 
Sustainability and development of any industry depends on ability to ensure that 
technologies and processes operate at the highest possible levels of energy efficiency. 
Furthermore, efficient energy consumption will lead to reduction of environmental 
impacts, caused by energy generation process. Thus, by improving energy efficiency it is 
also possible to contribute to fulfilling Swedish environmental objectives, which are aimed 
on complete elimination of greenhouse gas emissions by 2050 (SEPA, 2012). 
 
Conducting energy audits on a regular basis is a way to identify possible improvements in 
terms of energy efficiency. The main objective of any energy audit is to identify, evaluate 
and recommend energy saving opportunities, which can become a solid basis for 
elaborating and implementing energy efficiency programs (GOIC, 2013). In energy auditing, 
all the means, which are aimed at improving energy performance are also defined as 
energy management opportunities (EMO) (EMSD, 2007).  
 
Main advantages of conducting energy audits and implementing energy saving measures 
are the following (GOIC, 2013): 
 

- Resource conservation; Implementation of energy saving measures can decrease 

resource consumption at the enterprise. 

- Reduce operating costs; Energy efficiency measures are able to reduce energy 

expenses. Saved money can be invested in further business development. 

- Sustainable energy supply; Lower energy demand is able to stabilize energy supply 

and make it more reliable. This factor is especially important for energy-intensive 

enterprises. 

- Improve operational quality of the enterprise; More reliable energy supply and 

lower energy demand can bring additional benefits in the form of avoiding abrupt 

shut offs of the equipment as well as will make the production process more 
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reliable. Nowadays, energy efficiency is one of the major requirements for any type 

of an enterprise to be competitive regionally and globally. 

- Protect the environment; Reduced energy demand will lead to lower 

environmental impacts, caused by energy generation processes. Thus, 

improvements in energy efficiency can bring not only money savings, but can also 

address challenges of energy security, air pollution and climate change. 

- Improve safety and productivity; Introduction of energy saving measures at an 

enterprise will lead to reduced maintenance costs and improved occupational 

safety and health. New technologies are more reliable and require less 

maintenance, thus bring additional savings for the company. Moreover, early 

identification and elimination of pipe leaks in technological processes, for instance, 

lead to improved labor safety and productivity. 

An effective energy conservation program can be implemented on a basis of an energy 
audit.  An energy conservation program is a number of measures, which are aimed on real 
short- and long-term energy savings and other benefits for any type of an enterprise. An 
important thing to mention here is that implementation of new energy-saving measures or 
optimization of ongoing ones is done without compromising functionality of the enterprise 
and quality of produced products. After the start of an energy conservation program, 
follow-up energy audits are required in order to identify the efficiency of applied measures. 
Certain adjustments might be done to the program if subsequent audits show 
unsatisfactory results. 

1.1 Energy audit 

An energy audit is a structured verification, monitoring and analysis of energy 
performance, which can be applied to a facility as a whole, as well as individually to 
equipment, system(s) or process(es). An audit involves examination of energy use, level of 
energy efficiency and consumption. The purpose of conducting energy audits is to define 
and prioritize energy management opportunities, aimed on improving energy performance, 
decreasing energy waste and gaining related environmental and other benefits (ISO, 2014). 
 
Energy audits assist in identifying energy waste areas and areas where opportunities for 
improvements in terms of energy efficiency exist. A standard industrial energy audit 
includes the following steps (Hasanbeigi & Price, 2010): 
 

- preparation and planning 

- data collection and review 

- plant surveys and system measurements 

- observation and review of operating practices 

- data documentation and analysis 

- reporting of the results and recommendations 

However, content of a report might vary, depending on a type of an audit, type of an 
analyzed enterprise and expected outcome. 
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Depending on the properties of an analyzed facility as well as on the required depth of the 
audit and preciseness of the results, energy audits can be categorized in two types: a 
preliminary audit (also called a walk-through audit) and a detailed audit (a diagnostic audit) 
(Hasanbeigi & Price, 2010). The description of both audit types is given below. 
 
A preliminary audit consists of a simple analysis of already available information, regarding 
energy use and performance at an enterprise. This type of an audit does not involve any 
sophisticated energy-related measurements or calculations. It might include one short 
walk-through visit to the site, during which inefficiencies in energy use might be identified. 
As an outcome of a preliminary energy audit a client receives a report with general energy 
saving recommendations for the analyzed facility. Simple payback period might also be 
calculated in the frames of a preliminary energy audit (Hasanbeigi & Price, 2010). 
 
A detailed energy audit is a comprehensive analysis of facility’s energy performance. This 
type of an audit involves accurate examination of already available energy data as well as 
taking additional measurements, if they are needed. All of the energy consumption 
equipment at the facility is analyzed thoroughly. Usually, a detailed energy audit requires 
much more time than a preliminary audit. As an outcome a client receives an accurate and 
detailed report on the energy performance of the facility as well as well-designed 
recommendations on how to improve energy efficiency. Economic analysis might include 
not only calculations of simple payback period, but also internal rate of return, net present 
value, and life cycle cost (Hasanbeigi & Price, 2010). 
 
Depending on the type of an audit and properties of the analyzed facility, a structure and 
methods of an energy audit might vary. However, it is still possible to define a standard 
format, which usually serves as a base in energy auditing. The structure of a detailed 
energy audit is shown in Figure 1 below. In general, an audit of this type has three main 
stages, which are the following: energy audit preparation, execution and reporting 
(Hasanbeigi & Price, 2010). A preliminary audit includes some of the steps from a detailed 
expertise.  

Figure 1. General structure of an industrial energy audit (modified from  
(Hasanbeigi & Price, 2010)) 
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1.2 Energy audit at the Hagby waste management plant 
The Swedish waste management company, called SÖRAB, made a decision to initiate the 
project, aimed on analyzing energy efficiency of the Hagby waste management plant and 
on elaborating a set of recommendations, focused on improving the energy performance 
of the industrial facility. 
 
Despite the fact that SÖRAB is not obligated by law to do the energy audits of its facilities, 
the company is willing to constantly analyze its performance in terms of energy efficiency, 
in order to make improvements as soon as they are required. Moreover, by conducting 
energy audits, SÖRAB attempts to find new ways on how to become more environmentally 
friendly through decreasing and optimizing company’s energy consumption. The last 
energy audit at the Hagby waste management facility was conducted in 2009. Since then a 
number of operations at the site have been changed as well as new energy saving 
technologies were developed. The outdated energy audit report, company’s desire to be 
aware of the present energy efficiency level at the facility and a goal of finding new 
solutions for the company on how to improve its performance were the main reasons 
behind the decision to conduct the energy audit at the Hagby plant in 2016 (Lindelöf, 
2016).  
 
The project was carried out in a form of a master thesis paper by Maksym Kunytsia, who 
was participating in a Master's degree program in the field of Sustainable Technology at 
the Royal Institute of Technology (KTH). The work on the project was conducted in 
cooperation between SÖRAB and the Division of Industrial Ecology at KTH. 

1.3 Aim and objectives 

The aim of the current thesis project is to conduct a detailed energy audit of the Hagby 
waste management plant in order to identify possible energy saving opportunities. 
 
In order to accomplish the aim of the thesis project, the following objectives have to be 
fulfilled: 
 

- Analyze present state of energy performance at the Hagby waste recycling plant 
- Identify potential areas within the facility with the rooms for improvements in 

terms of energy efficiency 

- Define possible energy management opportunities 

- Conduct an evaluation of stated solutions 

- Make recommendations, based on the results of the evaluation, on how to improve 

energy performance at the Hagby waste management plant 

As a result of the project, a report with possible energy conservation solutions should be 
produced as well as a list of recommendations for each of the focus areas, based on the 
analysis and discussion. 
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1.4 Project boundaries 

The project was limited to a site-specific study. Elaborated energy management 
opportunities were evaluated on the basis of present conditions at the Hagby waste 
recycling plant. A detailed energy audit of 10 areas was conducted. However, calculations 
of payback periods of the proposed energy efficiency improvements were conducted only 
for the areas, where it was possible to find a reliable data for the analysis.  
 
After the first walk-through visit to the Hagby plant and discussion with Åsa Lindelöf it was 
decided to analyze the following systems (areas) at the Hagby site in the frames of the 
energy audit: 
 

1. Aeration systems 

2. Pumping systems 

3. Ventilation systems  

4. Internal microclimate in the chemicals storage rooms 

5. Insulation of the facilities 

6. Lighting system at the main office 

7. Outdoor lighting system 

8. Landfill gas utilization system 

9. Waste loading station 

10. Other 

Initially it was decided to focus on the 9 upper-mentioned areas, since they cover all the 
main energy consuming processes and systems at the plant. During the realization phase of 
the project the "other" area was added on the initiative of Maksym Kunytsia. 

1.5 Reporting structure 

Each focus area was analyzed according to the following structure: 
 

- Baseline assessment 

- Possible energy management opportunities 

- Assessment of the proposed energy saving recommendations 

- Economic evaluation 

- Summary 

The final report is presented in the form of a master thesis paper. The analysis of all the 
focus areas was carried out, according to the structure, described above. Results of the 
audit were presented in the form of three following scenarios: 
 

1. Scenario 1. Doing nothing scenario. A projection of the plant energy performance if 

none of the proposed energy management opportunities are implemented. 

 
2. Scenario 2. A projection of the plant energy performance if the energy 

management opportunities, which do not require any financial investments 

together with measures, which require low and medium financial investments are 

implemented. 



 

6 
 

3. Scenario 3. A projection of the plant energy performance if all of the proposed 

energy management opportunities are implemented. 

1.6 Energy audit team 

A number of employees as well as external experts were engaged at different stages of the 
project. The energy audit team at the Hagby plant is presented in Table 1 below.  
 

Table 1. A list on the energy audit team members 

Name Role in the project Position, name of a 
company 

 

Energy audit team 
 

Maksym Kunytsia Energy auditor Master Student, Royal 
Institute of Technology 

Monika Olsson Supervisor from KTH and 
Examiner  

Director of the Master's 
Programme in Sustainable 
Technology, KTH 

Åsa Lindelöf Supervisor from SÖRAB 
 

Environmental and Quality 
Leader, Dangerous Goods 
Safety Advisor, SÖRAB  

Internal staff 
 

Rikard Fröling Consultant in management 
of the plant and general 
questions 

Manager of the Hagby and 
Lidingö Waste Recycling 
Plants, SÖRAB  

Rickard Cervin Consultant in landfill gas 
production and its utilization 
systems 

Production Manager, 
SÖRAB 

Peter Larsson Consultant in pumping 
equipment and aeration 
systems 

Environmental Specialist, 
SÖRAB 

Mats Ferm Consultant in ventilation 
systems 

Maintenance Technician, 
SÖRAB 

Roger Johansson Consultant in electrical and 
lighting systems 

Electrician, SÖRAB 

Erik Holmberg Consultant in management 
of chemicals 

Chemist, SÖRAB 

Sten Johansson Consultant in general 
questions 

Head of Technology & 
Development Department, 
SÖRAB 

Anders Carlsson Consultant in energy 
consumption at the site 
 
 
 

Process Supervisor, SÖRAB 
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External staff 

Christian Sahlin Consultant in utilization of 
landfill gas 
 

Business Development 
Manager, Cleanergy AB 

Taras Dranik Consultant in insulation of 
buildings 

Master Student, Warsaw 
University of Technology 

Fredrik Winqvist Consultant in lighting 
systems 

Technical Sales Expert, 
Stockholm Lighting 
 

Magnus Lindén Consultant in lighting 
systems 

Advisor in Real Estate, 
Industrial and Warehouse 
Lighting, Stockholm Lighting 

Peter Hellberg Consultant in automation 
systems 

Regional Sales Manager, 
B&R Industriautomation AB 
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2. Methodology 
This section contains information about the methods, which were applied in the energy 
audit at the Hagby plant. First, a description of cross-cutting approaches is introduced, then 
sector specific methods are presented and finally calculation methodologies, which were 
used in analyses of all the focus areas, are given. 

2.1 Cross-cutting methods 

In order to fulfill the objectives of the current thesis work several different methods were 
applied. A literature review of the similar projects reports as well as guidebooks on energy 
auditing was carried out. Analysis of the present plant systems energy performance and 
search for ideas on how to improve the energy efficiency of the facility were done by 
analyzing energy reports, provided by SÖRAB, as well as by visiting the Hagby waste 
recycling plant and interviewing the employees. In order to find the accurate calculation 
methodologies and energy saving opportunities for each of the focus areas, additional 
literature reviews, combined with consultations with experts from industry, were 
conducted. 
 
The energy audit at the Hagby waste recycling plant involved an analysis of energy 
performance of 10 areas. Due to the fact that the focus areas are fairly unique, specific 
methods were applied to each of them, in addition to the abovementioned. The 
description of the specific methods and information, required for analysis for each of the 
focus areas, is presented below. 

2.2 Sector-specific methods 

This sub-section provides the information, regarding specific methods, which were used for 
analyzing each of the focus areas. First, data, required for conducting the analysis, is 
presented. Then, the description of necessary experiments is given. Finally, concrete 
information for each of the analyzed areas is presented. 

       2.2.1 Aeration systems 

Data and information that should be collected:  
- Number and type of the air compressing equipment 

- Electric capacities of the air pump stations 

- Equipment operating practices 

 

Required measurements and experiments:  
- No additional measurements or experiments were required in this focus area 

 
Other information 
Gathering and analyzing the energy consumption data as well as elaboration of energy 
management opportunities in this area were conducted in cooperation with Peter Larsson. 
Theoretical calculations, presented in the section 3.3, were conducted in order to identify 
possible energy savings in the current system. 
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       2.2.2 Pumping systems 

Data and information that should be collected:  
- Number, type and appointment of the pumping equipment 

- Electric capacities of the pumps 

- Equipment operating practices 

 

Required measurements and experiments:  
In order to define the amount of energy, which can be saved by optimizing the work of the 
pumping equipment, the below-described experiments were conducted. 
 
On March 14 at 8:30 the data from energy meter for pumping equipment were registered. 
During the next 24 hours all the equipment worked in a normal mode. On March 15 at 8:30 
the data from the energy meter for pumping equipment were registered again in order to 
get 24h energy consumption of all pumping equipment in the normal mode. After the data 
were registered, pumps P1, P3 and P4 were turned off for 24 hours. On March 16 at 8:30 
the data from the energy meter were registered again.  
 
Other information 
The experiments were designed and carried out in cooperation with Peter Larsson. 
Calculations of possible energy savings were based on the results of the experiments with 
the pumping equipment and are presented in the section 3.4. 

       2.2.3 Ventilation systems 

Data and information that should be collected:  
- Technical documentation regarding the organization of the ventilation systems in 

the main office as well as in the conference building 

 
Required measurements and experiments:  

- No additional measurements or experiments were required in this focus area 

 
Other information 
Analysis of the available technical documentation was held. Additionally, interviews with 
Rikard Fröling and Mats Ferm were carried out. 

       2.2.4 Internal microclimate in the chemicals storage rooms 

Data and information that should be collected:  
- Number and types of the heating elements in the chemicals storage rooms 

- Premises operating practices 

- Permissible microclimatic conditions of chemicals storage rooms 

 
Required measurements and experiments:  
Temperature conditions were registered in both chemicals storage rooms, during the visits 
to the plant. 
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Other information 
Information, regarding the required internal microclimate conditions and premises 
operating practices, was received from Erik Holmberg. Recommendations were elaborated 
on the basis of a literature study and consultations with Peter Hellberg. 

       2.2.5 Insulation of the facilities 

Data and information that should be collected:  
- Premises operating practices 

Required measurements and experiments:  
A detailed analysis of the plant facilities insulation was conducted through thermographic 
expertise. The insulation inspection was carried out by Maksym Kunytsia with a help of FLIR 
E8 infrared camera. 
 
Other information 
A list of recommendation was elaborated in cooperation with Taras Dranik. 

       2.2.6 Lighting system at the main office 

Data and information that should be collected:  
- Type, number and electrical power of the lighting devices 

- Operating practices of the lighting system at the main office 

 
Required measurements and experiments:  

- No additional measurements or experiments were required in this focus area 

 
Other information 
Gathering data was conducted by Maksym Kunytsia in the frames of one of the visits to the 
plant. The analyses of the information, elaboration of energy saving recommendations as 
well as their evaluation were done in collaboration with Fredrik Winqvist and Magnus 
Lindén. 

       2.2.7 Outdoor lighting system 

Data and information that should be collected:  
- Type, number and electrical power of the lighting devices 

- Present operating practices of the outdoor lighting system 

Required measurements and experiments:  
- No additional measurements or experiments were required in this focus area 

Other information 
Data collection was held in cooperation with Roger Johansson. The analyses of the 
information, elaboration of energy saving recommendations as well as their evaluation 
were done in collaboration with Fredrik Winqvist and Magnus Lindén 
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       2.2.8 Landfill gas utilization system 

Data and information that should be collected: 
- Amount of generated landfill gas and methane concentration in it 

- Current landfill gas operating practices   

 
Required measurements and experiments:  

- No additional measurements or experiment were required in this focus area 

 
Other information 
Initial data mining and its analysis were conducted with assistance of Rikard Fröling. In 
order to find a proper energy solution for the utilization of the landfill gas, a company, 
called Cleanergy AB, was engaged in the energy audit project. Calculation methodology, 
provided by Cleanergy AB, was used for evaluation of the proposed technical solutions. 

       2.2.9 Waste loading station 

Data and information that should be collected: 
- Average expenses per container loaded at the Hagby plant and at the Lidingö plant 

- Current operating practices of the waste loading systems 

 
Required measurements and experiments:  

- No additional measurements or experiments were required in this focus area 

 
Other information 
In order to find the most beneficial technology for loading waste, a comparative analysis of 
two following systems was conducted: waste loading station with press machine and 
manual waste loading station with tractors. Swedish Krona was chosen as a unit of 
measurement for the analysis, since it allows to conduct a reasonable comparison of two 
different systems. Assessment was carried out from economic and energy consumption 
perspectives. Since SÖRAB has both technologies in operation at different plants, data for 
the analysis were obtained within the company. 

       2.2.10 Other 

Data and information that should be collected: 
- General operating practices in energy management at the company 

 
Required measurements and experiments:  

- No additional measurements or experiments were required in this focus area 

 
Other information 
This section was added on the initiative of Maksym Kunytsia, after a discussion with Åsa 
Lindelöf. The area represents general recommendations, which can be taken into account 
alongside with the sector-specific ones. They are based on the literature review as well as 
on personal knowledge of the energy auditor. 
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2.3 Calculation methodologies 

2CO  emissions for generated energy 

Table 2. National and European emission factors for consumed electricity (modified from 
(eumayors, n.d.)) 

Country Standard emission factor, 

(
2

e

tCO

MWh
) 

LCA emission factor, 

(
2

e

tCO eq

MWh


) 

Sweden 0,023 0,079 

EU-27 (average) 0,460 0,579 

 
The emission factors for Sweden and EU-27 are presented in Table 2. In all the following 

calculations the emission factor for Sweden will be applied, which is 20,023
tCO

MWh
 

(eumayors, n.d.). 
 

Equation 1 represents a formula for calculating 2CO  emissions from a certain amount of 

generated energy: 

2e gCO E SEF                                                                                                                                  (1) 

2eCO - amount of carbon dioxide emissions 

gE - amount of generated energy 

SEF – standard emission factor 
 
Simple payback period 
 
Payback period defines the time, required to recover capital investments. Simple payback 
period technique is usually excludes the following aspects: timing of cash flow, inflation 
rate, interest rate of capital cost, depreciation, opportunity costs, etc. However, the 
method is able to give a result within reasonable accuracy (EMSD, 2007). Simple payback 
period method was used for all the focus areas. It was calculated, according to the 
following formula: 
 
Payback Period = initial cost/(yearly benefit-yearly cost). 
Yearly cost was taken into consideration only for the areas, where it was possible to find a 
reliable data. 
 
According to Sten Johansson, currently SÖRAB pays around 1 SEK for 1 kWh of electrical 
energy (Johansson, 2016). This information is used in all the further calculations in the 
project. 
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3. Results 

This section contains information about the results of the study. First, general description 
of the plant and its operations is given. Then, analysis of all the focus areas is presented, 
according to the pre-defined methodology. Finally, three possible scenarios of the plant 
energy performance are elaborated and represented here. 

3.1 Plant description 

Hagby waste management plant is a recycling facility, owned and operated by a Swedish 
company called SÖRAB. Operations of the site are the following: receiving, storing, 
transferring and/or pre-treating household as well as industrial waste. The Hagby plant also 
has a place for accumulating compost and garden waste as well as interim storage of 
hazardous materials (SÖRAB, n.d.).  
 

 

Figure 2. Hagby waste management plant and Hagby eco-park (Google Maps, 2016) 

The site is equipped with a loading station for transshipment of combustible household 
waste, where the waste is received, compressed and loaded into 10 tons containers. Later 
these containers are transported to Uppsala and Högdalens incineration plants, where the 
waste is burned with a purpose of energy recovery. Pre-sorted food waste is transported to 
digester in Uppsala (SÖRAB, n.d.). 
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Reception and sorting of bulky refuse from households and small businesses as well as 
hazardous household waste occur within a manned recycling center. Hazardous waste 
from small businesses is received at a special reception at the facility.  
 
The following operations are carried out at the site during the year in order to improve 
plant’s performance: 
 

- Screening of mixed plastics 

- Screening of textiles 

- Screening of pure concrete 

- Screening of metals from luminaries, bathroom fixtures and windows 

- Screening of materials, which can be reused 

Sorting of rough and industrial waste is done on an open asphalted place at the site. Big 
bulky waste is sorted by man operated machines. Sorted combustible industrial waste 
(wood, cardboard and plastic) is crushed and sent in a form of chips for incineration with 
energy recovery. Metals and gypsum are sent for recycling outside the Hagby site.  
 
Park and garden waste is shredded at the plant and later is sent to another company that is 
using the material for producing soil products. (Lindelöf, 2016). 
 
In the past the area around the Hagby waste management plant was used as a landfill. 
After the landfill was closed the territory was converted into an eco-park. Hagby waste 
management plant and Hagby eco-park are shown in Figure 2. Today the Hagby site is 
dealing with maintaining the waste, which is gradually degrading under the eco-park. The 
leachate, which comes from the old landfill is collected and treated through natural 
processes in a local purification system at the eco-park. Moreover, the waste is generating 
certain amount of landfill gas, which is treated and transported in a pipeline to Täby 
Commune, where is it used in heat production processes (Fröling, 2016). 
 
The quality of the landfill gas is decreasing with time and the Täby Commune is considering 
the idea of stopping buying the gas from Hagby. Since 2015, when a gas torch was installed 
at the facility, certain portion of the landfill gas is incinerated directly at the Hagby plant. 
The Hagby site also has a number of buildings, which are rented out to various 
organizations. 
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3.2 Current energy consumption at the Hagby plant 

The electricity consumption data over the last three years at the Hagby site are presented 
in Table 3 and Figure 3 (Lindelöf, 2016).  
 

Table 3. Electricity consumption at the Hagby plant over the past three years, kWh 
(Lindelöf, 2016) 

 

 
 
Electricity is the main source of energy at the Hagby plant. A Swedish company, called 
Elverket, is the electricity supplier at the site.  During the cold period of the year electrical 
energy consumption is higher, since it is necessary to provide the plant facilities with heat 
as well as to light the area for longer periods. The largest energy consumer at the Hagby 
site is the waste loading station with a press machine (Fröling, 2016). 
 

 

Figure 3. Comparison of electricity consumption at the Hagby plant over the past three 
years (Lindelöf, 2016) 
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3.3 Aeration systems 
 

Baseline assessment 
Three air compressor stations with a capacity of 4kW each are placed at the Hagby 
recycling plant with a purpose of wastewater aeration. Every station serves for one 
wastewater pond. The locations of the ponds are shown in Figure 4 below. The main aim of 
the aeration process at the site is to facilitate chemical treatment of the wastewater. 

Figure 4. Location of waste water ponds at the Hagby plant (modified from  
 (Google Maps, 2016)) 

 
The following wastewater ponds, shown in Figure 4, are organized at the Hagby recycling 
plant: 
 

1. Sedimentation pond – accumulates surface water from waste management areas 

2. Landfill water pond - accumulates water from the landfill 

3. Compost pond – accumulates water from compost storage areas of the site 

 

Possible energy saving opportunities 
According to Peter Larsson, all three aeration systems give fairly low effect on wastewater 
treatment process during the cold period of the year (November 15 – March 31), thus can 
be turned off.  It is proposed to turn off all three air compressor stations for this period of 
the year. Possible energy and money savings are presented below. 
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Assessment of the proposed energy saving recommendations 
All three ponds have air compressor stations of the same capacity – 4 kW . 
Every air station operates at 70% of its nominal capacity (Larsson, 2016).  
Thus, if the equipment is off during the cold period of the year (November 15 – March 31) 
the following energy savings will occur: 
 
Annual saved energy from one station (equation 2): 

4 0,7 24 137 9206kW h days kWh                                                                                               (2) 

 
Annual energy savings from all three stations (equation 3): 
9206 3 27619kWh kWh                                                                                                                 (3) 

This corresponds to 27 619 SEK of money savings per year. 
 

2CO  savings (equation 4): 

2
2

27619 0,023
0,635

1000

kWh tCO
tCO

kWh


                                                                                           (4) 

 

Economic evaluation 

Capital Costs 
Implementation of the measure does not require any financial investments, since 
regulation of the equipment can be done manually two times per year. 
 

Payback period 
Since no financial investments are needed, the payback period is absent. 
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Summary  
The summary of the focus area (Aeration systems) analysis is presented in Table 4 below. 

Table 4. Summary of the area analysis (Aeration systems) 

Opportunity 
ID  

Opportunity 
title 

Estimated 
annual 
Energy 
Savings 
( kWh ) 

Estimated 
annual 
Cost 
Savings 
(SEK) 

Estimated 
annual 

2CO  

Savings 
(tones) 

Estimated 
capital 
cost 
(SEK) 

Estimated 
payback 
period 

01 Optimization 
of the air 
compressor 
stations 
work 

27 619 27 619 0,635 0 0 

Process/Technology Description 

Turn off the air compressor stations during the cold period of the year due to the low 
effect of the aeration process on wastewater treatment 

Rationale 

Turning off the air compression stations during the cold period of the year will allow to 

save energy, decrease 2CO  footprint and extend the operational period of the equipment 

Opportunity Description 

Turn off the air compressor stations on November 15 and turn on the equipment on March 
31 manually 

Risks 

- there is a risk to forget to turn on the equipment 
- experts in wastewater treatment might not allow to stop the aeration process during the 
cold period of the year 

Next step 

Invite an expert in wastewater treatment and receive a permission to optimize the work of 
the air compressor stations during the cold period of the year 
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3.4 Pumping systems 

 

Baseline assessment 
The pumping station at the Hagby site consists of five water pumps, which are presented in 
Table 5 below. 
 

Table 5. Description of capacities and functions of pumps at the Hagby Plant 

Pump number Designation Nominal capacity, kW Function 

Pump 1 P1 2,2 pumps water from the 
landfill to the wetland 

Pump 2 P2 2,2 reserve pump 

Pump 3 P3 7,5 pumps water to the top of 
the Hagby eco-park 

Pump 4 P4 11 pumps treated water 
through a pressurized pipe 
upwards to the public storm 
water drain 

Pump 5 P5 15 pumps wastewater from the 
Hagby site to municipal 
wastewater treatment 
facilities 

 
Operation of the pumps occurs in the following way: 
 
P1, P2, P3 – pumps are equipped with frequency adjusters and their capacities depend on 
the water level 
P4, P5 – pumps don’t have frequency adjusters, therefore depending on the water level 
they either work on full capacity or completely shut down 
The pump 3 was optimized and can work with a higher capacity than its nominal. 
 

Possible energy saving opportunities 
Pumps P1, P3, and P4 serve for maintaining water circulation to the top of the hill and in 
streams around the Hagby Eco-Park with the aim of providing the park ecosystems with 
moisture as well as landfill water purification through natural processes. The water 
treatment system of small streams and waterfalls is also designed to create a tranquil 
ambience for people visiting the park. According to Peter Larsson, the wastewater 
treatment process does not require circulation during the night hours, thus it is possible to 
turn off the pumps P1, P3, and P4. Also, it is assumed, that interruption of the water 
circulation during the night hours will not cause any negative impacts on the water 
treatment process and local ecosystems. It is also important to mention that water 
circulation occurs during the whole year and it is not possible to turn it off during the cold 
period of the year because of the risk of water freezing in the pipes. However, it is still 
possible to turn off pumps P1, P3 and P4 during the night hours (21:30 - 8:00) in the warm 
period of the year (March 31- November 15). 
 

Assessment of the proposed energy saving recommendations 
In order to define the amount of energy, which can be saved by optimizing the work of the 
pumping equipment the experiments with pumping equipment, were conducted. 
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The summary of the data, obtained in the frames of the experiments, can be found in Table 
6 below. 

 
Table 6. Summary of the results from the experiments with the pumping equipment at the 

Hagby plant 

Date Data registration time Energy consumption, kWh 

14.03.2016 8:30 8 983 

15.03.2016 8:30 9 625 

16.03.2016 8:30 9 891 

 
According to the data, which were received from the experiments, all the pumping 
equipment consumes the following amount of energy in the normal mode (equation 5): 
9625 8983 642kWh kWh kWh                                                                                                     (5) 
 
In the optimized mode (P1, P3 and P4 are off during 24h) the energy consumption is the 
following (equation 6): 
9891 9625 266kWh kWh kWh                                                                                                    (6)  
 
Energy savings in 24h (equation 7): 
642 266 376kWh kWh kWh                                                                                                          (7) 
 
Hourly savings (equation 8): 

376
16

24

kWh
kWh

h
                                                                                                                             (8) 

 
Theoretically, it is possible to turn off pumps P1, P3 and P4 for the night hours (21:30-8:00) 
during the warm period of the year from March 31 till November 15. 
 
In this case total annual energy savings will be the following (equation 9): 

16 12,5 229 45800kWh h days kWh                                                                                             (9) 

This corresponds to 45800 SEK of annual savings in money equivalent. 
 

2CO  savings (equation 10): 

2
2

45800 0,023
1,05

1000

kWh tCO
tCO

kWh


                                                                                           (10) 

 

Economic evaluation 

Capital Costs 
Implementation of the measure requires installation of the automatic timer, which can 
turn off and turn on the pumping equipment in certain hours. The equipment and its 
installation might cost around 2000 - 3000 SEK, depending on a type of the devices. In 
order to receive an accurate commercial offer, an expert in automation systems should 
visit the site (Hellberg, 2016). 
 

Payback period 
According to the available data, the payback period will be less than one year.  
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Summary  
The summary of the focus area (Pumping systems) analysis is presented in Table 7 below. 

Table 7. Summary of the area analysis (Pumping systems) 

Opportunity 
ID  

Opportunity 
title 

Estimated 
annual 
Energy 
Savings 
(kWh) 

Estimated 
annual 
Cost 
Savings 
(SEK) 

Estimated 
annual 

2CO  

savings 
(tones) 

Estimated 
capital 
cost 
(SEK) 

Estimated 
payback 
period, 
years 

02 Optimization 
of the water 
pumps work 

45 800 45 800 1,05 2 000 –  
3 000 

Less than 
1 year 

Process/Technology Description 

Turn off the pumps P1, P3 and P4 during the night hours in the warm period of the year 
because of the absence of visitors in the park 

Rationale 

Turning off the pumps P1, P3 and P4 during the night hours in the warm period of the year 

will allow to save energy, decrease 2CO  footprint and extend the operational period of the 

equipment 

Opportunity Description 

Install an automatic timer, which will turn off and turn on the pumps P1, P3 and P4 during 
the night hours (21:30-8:00) in the warm period of the year (March 31 - November 15) 

Risks 

- the risk of water freezing in the pipes during the warm period of the year because of 
abnormally low temperatures 
- experts in wetlands and water treatment processes might not allow to stop water 
circulation because of negative impacts on the park’s ecosystem 

Next step 

Invite an expert in wetlands and receive a permission to optimize the work of the pump 
station during the night hours in the warm period of the year 

3.5 Ventilation systems 

 

Baseline assessment 
In the frames of the current project ventilation systems at the main office and the 
conference building at the Hagby plant were analyzed. Analysis of available technical 
documentation and visual inspections of both systems were conducted during the visit to 
the site. Due to the absence of the specific equipment, the functionality of both systems 
was not analyzed. 
 
Technical documentation for the ventilation system at the main office, provided by Rikard 
Fröling was analyzed. The system is equipped with an air rotary heat exchanger, which 
recovers the heat energy from the exhaust air and transfers it to the supply air, thus 
decreasing energy consumption on heating the incoming air. According to Rikard Fröling, 
since the system at the main office is fairly old, some parts of the system will be 
modernized in the nearest future.   
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Technical documentation for the ventilation system in the conference building does not 
exist, because the facility was constructed out of ready-made container blocks. However, 
according to Mats Ferm the conference facility ventilation system is equipped with an air 
plate heat exchanger. The routine maintenance of both ventilation systems is carried out 
on a constant basis by the Hagby plant staff (Ferm, 2016).  
 

Possible energy saving opportunities 
Despite the absence of technical documentation for the ventilation system in the 
conference building it was concluded that both systems are organized in a proper way, 
involving all energy saving measures. No energy saving opportunities were found in the 
current focus area. 

3.6 Internal microclimate in the chemicals storage rooms 
 

Baseline assessment 
Two chemicals storage rooms are located at the Hagby waste management plant. The main 
purpose of these rooms is to maintain constant microclimate conditions for storing 
chemicals, which are used at the site. The locations of the chemicals storage rooms 1 and 2 
are shown on the map below (Figure 5). 
 

 

Figure 5. Placement of chemicals storage rooms 1 and 2 at the Hagby site (modified from 
(Google Maps, 2016)) 

Chemicals storage room 1 is equipped with an electric fan heater (model: Faico, capacity: 

9kW) with manual control (Figure 6). Chemicals storage room 2 heating system consists of 

two liquid electric radiators. According to Erik Holmberg, the allowable temperature range 

for storing the chemicals is 15-20
OC . However, during the visit to chemicals storage room 

1 on March 3, which was done in the frames of the thermographic expertise, the 

temperature inside the room 1 was 35 
OC . Several other visits to the chemicals storage 1 

were done in order to check the storing conditions inside the premise. During all the visits 

the temperature was unreasonably high. 
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Microclimate conditions in the storage room 2 are satisfactory; the temperature mode 
inside the facility complies with the requirements. 
 

 

Figure 6. Electric fan heater in the chemicals storage room 1 

Possible energy saving opportunities 
Since employees, who are working at the chemicals storage room 1 are busy with various 
tasks, it is fairly difficult for them to manually maintain the temperature inside the storage 
room 1, that is why it is often unreasonably hot inside the room.  
 
It is proposed to install an automatic regulator, which is capable of maintaining a certain 
temperature range by turning on and off the electric fan heater, when it is needed. Also it 
is important to keep the function of manual regulation, since; according to Erik Holmberg 
the chemicals storage room 1 is used also for defrosting various materials during the cold 
period of the year.  
 
Microclimate conditions in the storage room 2 are satisfactory; therefore no 
recommendations for the storage 2 were done in the frames of the energy audit. 
 

Assessment of the proposed energy saving recommendations 
Calculations of energy and money savings were not conducted for the current focus area, 
since the work of the fan heater depends on various factors, which are difficult to define, 
such as: operating conditions of the room, insulation of the storage and others. However, it 
is clear that installation of the automatic control device will bring energy/money savings by 
turning on the heater only when the temperature falls below the predetermined level. 
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Economic evaluation 

Capital Costs 
The implementation of the opportunity will require money investments in the automatic 
controlling device itself and in services of a specialist, who will install the device. 
Installation of the system might cost around 2 000 – 3 000 SEK. In order to give a more 
accurate price a visit to the site with an expert in automation systems is needed (Hellberg, 
2016). 
 

Payback period 
The payback period was not calculated since it is difficult to anticipate the mode of 
operation of the fan heater after the installation of the automatic control system. 
 

Summary  
The summary of the focus area (Internal microclimate in the chemicals storage rooms) 
analysis is presented in Table 8 below. 

Table 8. Summary of the area analysis (Internal microclimate in the chemicals storage 
rooms) 

Opportunity 
ID  

Opportunity 
title 

Estimated 
annual 
Energy 
Savings 
( kWh ) 

Estimated 
annual 
Cost 
Savings 
(SEK) 

Estimated 
annual 

2CO  

Savings 
(tones) 

Estimated 
capital 
cost 
(SEK) 

Estimated 
payback 
period 

04 Optimization 
of the 
heating 
systems in 
the 
chemicals 
storages 1 
and 2 

- - - 2 000 –  
3 000 

- 

Process/Technology Description 

Organize an automatic control of the temperature inside the chemicals storage room 1  

Rationale 

Implementation of the temperature automatic control will bring energy/ 2CO /money 

savings by turning on the fan heater only when the temperature falls below the 
predetermined level 

Opportunity Description 

Install an automatic controlling device for the fan heater in the chemicals storage room 1, 
while keeping the manual control of the heating device, since sometimes the room is used 
for defrosting purposes 

Risks 

- no risks were found 

Next step 

Invite a specialist, who can select and install a suitable automatic control device for the fan 
heater 
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3.7 Insulation of the facilities 
 

In order to analyze the state of buildings insulation at the Hagby waste management plant 
a thermographic expertise was conducted on March 3. A list of buildings, which were 
included in the inspection, was elaborated in cooperation with Åsa Lindelöf. Placement of 
the facilities, which were analyzed in the frames of the expertise, is presented below in 
Figure 7. 
 

 

Figure 7. Location of the buildings, which were analyzed in the frames of the thermographic 
inspection (modified from (Google Maps, 2016)) 

A list of buildings for the thermographic expertise, shown in Figure 7 above: 
 

1. Main office (Figure 8) 

2. Conference building  (Figure 9) 

3. Small office  (Figure 10) 

4. Chemicals storage room 1  (Figure 11) 

5. Office container  (Figure 12) 

6. Workshop 1 and the carwash  (Figure 13) 

7. Workshop 2  (Figure 14) 

The thermographic inspection was conducted with a help of an infrared camera FLIR E8. 

The ambient temperature was 1
OC  on March 3 at the Hagby site area. 

 
Below the results of the thermographic expertise together with analysis and 

recommendations for each facility are presented. All the recommendations were approved 

by Taras Dranik, who is a consultant in insulation of buildings. 
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1. Main office 

                                                                                  
Figure 8. Infrared pictures of the main office building 

 

Analysis 
As it is seen in the infrared pictures (Figure 8) the largest heat losses occur through the 
doors and windows of the main office. No substantial heat leaks through the walls and roof 
of the building were identified.  
 

Recommendations 
1. Since the main office is a place with high people traffic it is recommended to build a 

buffer zone at the entrance.  The buffer zone will help to avoid heat losses from the 



 

27 
 

building as well as will eliminate air drafts, thus will improve working conditions at 

the facility. 

2. Constantly carry out inspections of the state of window and door sealing gums. It 

will allow to avoid heat loses through the windows as well as will help to eliminate 

air drafts. 

 

2. Conference building 

 
Figure 9. Infrared pictures of the conference building 
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Analysis 
No substantial heat losses through the walls and the roof of the conference building were 
identified. However, infrared pictures (Figure 9), which were taken inside the building, 
showed heat leaks at the places, where a wall is connected to the ceiling. 
 

Recommendations 
1. Check the quality of insulation at the places, where walls are connected to the 

ceiling. 

2. Constantly carry out inspections of the state of window and door sealing gums. It 

will allow to avoid heat loses through the windows. 

 

3. Small office 

 
Figure 10. Infrared pictures of the small office building 

 
Analysis 
The main heat losses occur through the windows of the small office (Figure 10). No 
substantial heat leaks through the walls and the roof of the building were identified. 
 

Recommendations 
1. Since the building has a lot of windows it is important to constantly carry out 

inspections of the state of window sealing gums. It will allow to avoid undesirable 

heat losses through the windows. 
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2. The building has manual regulation of the ventilation. It is recommended to close 

the ventilation during the cold days in order to avoid creating a “bridges of cold” 

into the rooms. 

 

4. Chemicals storage room 1 

 

 

Figure 11. Infrared pictures of the chemicals storage room 1   
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Analysis 
The main heat losses occur through the gates and the foundation of the chemicals storage 
room 1 (Figure 11). No substantial heat leaks through the walls and the roof of the building 
were identified. 
 

Recommendations 
1. Improve the insulation of the chemicals storage room 1 gates. Installation of a 

curtain is a possible decision here; it will work as a barrier for heated air on the way 

out of the facility as well as for the cold air on its way inside the room. 

2. Improve the insulation of the foundation of the building. 

 

 

5. Office container 
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Figure 12. Infrared pictures of the office container 

Analysis 
Heat losses occur through the walls as well as through the unused side door of the 
container (Figure 12). Moreover, since the facility does not have any foundation and stands 
just on the ground it loses heat through the bottom part. Finally, employees go in and out 
of the container a lot, thus releasing portions of heat from inside the facility every time 
they open the door. 

 
Recommendations 

1. Since the container has a number of problems with insulation it is recommended to 

consider an idea of replacing the container for a new one. 

2. Put the container on a foundation, made of thick wooden bars, as it was done with 

all other containers at the Hagby site. It will decrease the heat losses through the 

foundation of the office container. 

3. Since for the employees, who work in the office container, it is needed to enter and 

exit the facility many times during the day, it is recommended to build a buffer 

zone at the entrance.  The buffer zone will help to avoid heat losses. 

 

6. Workshop 1 and the carwash 
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Figure 13. Infrared pictures of the workshop 1 and the carwash 



 

33 
 

Analysis 
Thermographic expertise showed that insulation of the workshop 1 walls is fairly poor. As it 
is seen in the infrared pictures (Figure 13) the largest heat losses occur in the places, where 
the walls are connected to the roof. Also insulation of the gates in the workshop 1 and the 
carwash should be improved in order to prevent heat leaks from the facility.  
 

Recommendations 
1. It is recommended either to improve the insulation of all walls of the workshop 1 

and the carwash or at least focus on places, where the largest heat losses occur – 

connections between the walls and the roof.  

2. Improve the insulation of the gates both in the workshop 1 and in the carwash. 

Installation of a curtain is a possible decision here; it will work as a barrier for 

heated air on the way out of the facility as well as for the cold air on its way inside 

the room. 

 

7. Workshop 2 

 
Figure 14. Infrared pictures of the workshop 2 

Analysis 
As it is seen in the infrared pictures (Figure 14), the old part of the workshop 2 has poor 
insulation of the walls. The largest heat losses occur in places, where the walls connect to 
the roof as well as through the windows. Other sources of heat leaks are the gates of the 
facility.  
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Recommendations 
1. It is recommended either to improve the insulation of all walls in the old part of the 

workshop 2 or at least focus on places, where the largest heat losses occur – 

connections between the walls and the roof. 

2. Improve the insulation of the gates in the workshop 2. Installation of a curtain is a 

possible decision here; it will work as a barrier for heated air on the way out of the 

facility as well as for the cold air on its way inside the room. 

 

Summary 
The summary of the focus area (Insulation of the facilities) analysis is presented in Table 9 
below. 

Table 9. Summary of the area analysis (Insulation of the facilities) 

Building Recommendations 

Main office 
- build a buffer zone at the entrance 

- constantly carry out inspections of the state of window and 
door sealing gums 

 

Conference building 

- check the quality of insulation at the places, where the walls 
are connected to the ceiling 

- constantly carry out inspections of the state of window and 
door sealing gums 

 

Small office 
 

- constantly carry out inspections of the state of window 
sealing gums 

- close the ventilation during the cold days 

 

Chemicals storage 
room 1 

- improve the insulation of the chemicals storage room 1 
gates 

- improve the insulation of the foundation of the building 

 

Office container 
 

- consider an idea of replacing the container for a new one 

- put the container on a foundation, made of thick wooden 
bars 

- build a buffer zone at the entrance 

 

Workshop 1 and 
the carwash 

 

- improve the insulation of all walls of the workshop 1 and the 
carwash or at least focus on places, where the largest heat 
losses take place 

- improve the insulation of the gates both in the workshop 1 
and in the carwash 
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Workshop 2 

- improve the insulation of all the walls in the old part of the 
workshop 2 or at least focus on places, where the largest 
heat losses take place 

- improve the insulation of the gates in the workshop 2 

 
The evaluation of the proposed energy saving opportunities was not conducted in the 
frames of the current energy audit. However, it is clear, that all the proposed measures will 
bring benefits (Dranik, 2016). All the analyzed buildings have unique designs and thus 
require individual approaches. Moreover, according to Åsa Lindelöf, a lot of proposed 
measures can be realized by Hagby plant employees with a help of materials, already 
available at the site. Thus, implementation of the upper-mentioned energy management 
opportunities won’t require substantial financial investments from the company. 

3.8 Lightning at the main office 
 

Baseline assessment 
The main Hagby plant office lighting system consists of the devices, presented in Table 10 
below. Office lighting is used for providing workspaces with a required amount of light 
during the facility operating hours. 
 
The plant working hours are the following:  
Monday – Thursday: 6.00 – 20.00  
Friday – Sunday: 6.00 - 16.00 
Normally the Hagby plant operates 86 hours per week.  
 

Table 10. Main office lighting equipment at the Hagby plant 
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Possible energy saving opportunities 
In order to find feasible energy saving opportunities in the area of the main office lighting 
system, a company, called Stockholm Lighting, was contacted. The work on the project was 
conducted in cooperation with two experts from the lighting company: Fredrik Winqvist 
and Magnus Lindén. 
 
Possible energy saving measures, which were elaborated in cooperation with Stockholm 
Lighting Company, are the following: 
 
- install occupancy sensors, which are capable of turning lights on when occupants are in a 
space and turning lights off when the rooms are unoccupied 
-  use T5 fluorescent lamps instead of T8 in the office corridor 
 

Assessment of the proposed energy saving measures 
Assuming that all the lighting equipment works all the time during the plant working hours, 
weekly energy consumption of all the lighting devices at the main office will be the 
following: 
 
Lamps in the dining room and nearby office rooms (equation 11) 

                                                                                           (11) 

 
Corridor lighting (equation 12) 

18 20 86 30,960W lamps h kWh                                                                                                 (12) 

 
Lamps in the office rooms (equation 13) 

28 8 86 18,264W lamps h kWh                                                                                                    (13) 

 
Lamps over the tables (equation 14) 

28 21 86 50,568W lamps h kWh                                                                                                 (14) 

 
Total weekly energy consumption of the lighting system in the main office (equation 15) 

55,728 30,960 19,264 50,568 156,520 157kWh kWh                                                  (15) 

 
Assuming that in the real case scenario the light at the main office is on during 80% of the 
plant working time, the weekly energy consumption of the main office lighting system will 
be the following (equation 16):  

157 0,8 125,6kWh kWh                                                                                                              (16)       

 
Yearly consumption (equation 17): 

125,6 52 6531,2kWh weeks kWh                                                                                                (17) 

 
According to Magnus Lindén, installation of occupancy sensors will allow to save up to 50% 
of energy. Thus, energy savings in the office lighting will be 3 266 kWh per year, which 
corresponds to 3 266 SEK of annual money savings.  
 

36 18 86 55,728W lamps h kWh  
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Basing on the information, provided by Stockholm Lighting Company and Magnus Lindén, 
usage of T5 fluorescent lamps instead of T8 in the office corridor can bring additional 25% 
of energy savings. 
 
Assuming that the corridor lighting is on 80% of the plant working hours, yearly 
consumption will be the following (equation 18): 

30,961 0,8 52 1288kWh weeks kWh                                                                                           (18) 

 
After the application of occupancy sensors as well as installation of T5 lamps yearly energy 
consumption of the corridor lighting system will be the following (equation 19): 

1288 0,5 0,75 483kWh kWh                                                                                                      (19) 

 
Energy savings in the corridor lighting in the result of shifting to T5 lamps (in case of 
simultaneous installation of occupancy sensors) (equation 20): 

 1288 0,5 483 161kWh kWh kWh                                                                                              (20) 

 
Total yearly energy savings from application of occupancy sensors as well as installation of 
T5 lamps in the corridor are the following (equation 21): 

3266 161 3427kWh kWh kWh                                                                                                   (21) 
 

2CO  savings will be the following (equation 22): 

2
2

3427 0,023
0,079

1000

kWh tCO
tCO

kWh


                                                                                           (22) 

 

Economic Evaluation 

Capital Costs 
Price of the occupancy sensors varies between 1 000 SEK and 2 500 SEK per piece, 
depending on the type of the device. The office has 7 rooms, where it is desirable to install 
the sensors. Thus, capital costs might be in between 7 000 - 17 500 SEK.  T8 and T5 
fluorescent lamps cost almost the same – no additional investments are needed here. 
 

Payback period 
Depending on the type of the occupancy sensors the payback period might be 2 - 5 years. 
Costs of installation are not included in the calculations. 
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Summary  
The summary of the focus area (Lighting system at the main office) analysis is presented in 
Table 11 below. 

Table 11. Summary of the area analysis (Lighting system at the main office) 

Opportunity 
ID  

Opportunity 
title 

Estimated 
annual 
Energy 
Savings 
( kWh ) 

Estimated 
annual 
Cost 
Savings 
(SEK) 

Estimated 
annual 

2CO  

Savings 
(tones) 

Estimated 
capital 
cost 
(SEK) 

Estimated 
payback 
period, 
years 

06 Improvement 
of the 
lighting 
system at the 
main office 

3 427 3 427 0,079 7 000 –  
17 500 

2 - 5 

Process/Technology Description 

Turn off the lights at the office premises, when they are unoccupied. Use more energy 
efficient lamps in the office corridor lighting system 

Rationale 

Application of the above-mentioned measures will allow to decrease energy consumption 

as well as will bring 2CO  savings 

Opportunity Description 

Install occupancy sensors in all the office premises as well as use T5 fluorescent lamps in the 
corridor instead of T8 

Risks 

- no risks were found 

Next step 

Evaluate the necessity of installing occupancy sensors in the office premises. 
Invite an expert in lighting equipment, who can select and install the proper equipment. 
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3.9 Outdoor lighting 
 

Baseline assessment 
Outdoor lighting at the Hagby plant is used for providing the workplaces with a required 
amount of light as well as for assisting the video surveillance system during the dark time 
of the day. All the outdoor lighting devices are equipped with the light sensors, which 
control turning on and off of the lamps, depending on the amount of natural light. The 
information regarding the outdoor lighting equipment, presented in Table 12, was 
provided by Roger Johansson. 
 

Table 12. Outdoor lighting equipment at the Hagby plant (Johansson, 2016) 

Type of a lamp Number, pcs Electrical power, used by a 
lamp, W 

Street lighting 

Sodium-vapor lamp 4 100 

Sodium-vapor lamp 3 125 

Sodium-vapor lamp 26 150 

Sodium-vapor lamp 29 250 

Headlights 

Sodium-vapor lamp 15 400 

Sodium-vapor lamp 23 2x400 

Spotlights on buildings 

Sodium-vapor lamp 21 150 

LED 3 260 

 
It was assumed that average number of outdoor lighting system working hours 
corresponds to an average number of dark hours in Stockholm area, which is 4242 hours 
per year (visitsweden, n.d.).  
 

Possible energy saving opportunities 
In order to find feasible energy saving opportunities in the area of the plant outdoor 
lighting, a company, called Stockholm Lighting, was contacted. The work on the project was 
conducted in cooperation with two experts from the company: Fredrik Winqvist and 
Magnus Lindén. Possible energy saving opportunity is to shift from Sodium-vapor lamps 
(SVL) to Light-emitting diode (LED) lighting system. The assessment of the opportunity is 
presented below. 
 

Assessment of the proposed energy saving recommendations 
Basing on the information from Table 12 above, the total hourly energy consumption of 
sodium-vapor lamps – 39,5 kW. 
 
Total yearly energy consumption of the sodium-vapor lamps at the Hagby plant is the 
following (equation 23): 

39,5 4242 167559kW h kWh                                                                                                      (23) 

 
Used electricity in the amount of 167 559 kWh  corresponds to 167 559 SEK in money 
equivalent. 
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According to Magnus Lindén, a shift to LED lighting can bring around 55% reduction in 
energy consumption, which corresponds to around 92 000 kWh hours per year and 92 000 
SEK. 
 
Apart from saving energy, LED light sources have a number of other advantages, which are 
the following (avistautilities, 2015): 
 

1. Longer lifetime. The lifetime of sodium-vapor lamps varies from 10 000 to 24 000 

hours, when LED lamps can work for 100 000 hours, which means that LED light 

source can last for about 23 years at the Hagby plant. 

2. Reduced maintenance costs. Longer lifetime brings additional benefits in reduced 

maintenance costs. 

3. Low environmental impacts. LED lamps are 100% recyclable and do not contain 

any toxic materials in contrast to sodium-vapor lamps. Moreover, reduced 

frequency of lighting system maintenance also decreases expenses and 2CO  

emissions through reduced service trips to maintain fixtures.   

4. Improved light quality. LED lamps produce white light, which provides more 

uniform light, thus improve nighttime visibility. Moreover, LED lighting does not 

generate ultraviolet light, which attracts nocturnal insects. 

As a result of shifting to LED lighting, yearly 2CO  savings will be the following (equation 

24): 

2
2

92000 0,023
2,116

1000

kWh tCO
tCO

kWh


                                                                                        (24) 

 

Additional 2CO  savings will come from reduced service vehicle trips to maintain the 

outdoor lighting equipment at the plant. 
 

Economic evaluation 

Capital Costs 
According to the preliminary commercial offer from Stockholm Lighting Company, the total 
investments in upgrading the outdoor lighting system at Hagby to LED will be around 
2 000 000 SEK. 
 

Payback period 
According to the available data the payback period will be the following (equation 25): 

2000000
22

92000

SEK
years

SEK

year

                                                                                                              (25) 

 
To find out the accurate payback period it is needed to obtain the information on how 
often the sodium-fixings are changed and what are the maintenance costs for it. 
 

 
 



 

41 
 

Summary  
The summary of the focus area (Outdoor lighting system) analysis is presented in Table 13 
below. 

Table 13. Summary of the area analysis (Outdoor lighting system) 

Opportunity 
ID  

Opportunity 
title 

Estimated 
annual 
Energy 
Savings 
( kWh ) 

Estimated 
annual 
Cost 
Savings 
(SEK) 

Estimated 
annual 

2CO  

Savings 
(tones) 

Estimated 
capital 
cost 
(SEK) 

Estimated 
payback 
period, 
years 

07 Replacement 
of sodium-
vapor lamps 
on LED 
lighting 

92 000 92 000* 2,116 2 000 000 22** 

Process/Technology Description 

Install lighting devices, which consume less energy 

Rationale 

Shifting to LED outdoor lighting will bring energy and 2CO  savings as well as will eliminate 

the negative environmental impacts which come from the recycling process of sodium-
vapor lamps. Moreover, LED light sources are able to improve the working environment at 
the plant 

Opportunity Description 

Install LED fixtures instead of present sodium-vapor light sources 

Risks 

- no risks were found 

Next step 

Evaluate the opportunity of shifting to LED lighting at the Hagby Plant.  
Invite an expert from a lighting company in order to get an accurate commercial offer 

*additional costs savings will come from reduced maintenance of the LED lighting system 
**additional savings from longer lifetime and lower maintenances costs are not taken into 
account 

3.10 Landfill gas utilization system  
 

Baseline assessment 
The old landfill, which is located under the Hagby eco-park, generates certain amounts of 
gas every year. Total generated gas volumes and its methane concentrations on monthly 
basis are presented in Table 14 below.  In previous years gas was partially sold to the Täby 
Commune and partially incinerated in a torch, which was installed in 2015 at the Hagby 
site. However, since the concentration of methane decreases year by year, the local 
commune is not interested in buying the landfill gas from the plant anymore. Moreover, 
the gas incineration equipment at the Täby Commune is outdated and they have low 
interest in updating it. Thus, an issue of the landfill gas utilization has emerged.  
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Table 14. Amount of generated landfill gas and methane concentration in it on monthly 
basis in 2015 (Cervin, 2016) 

 
Possible energy saving opportunities 
Since the landfill gas still has a fairly high concentration of methane (around 35% in 
average), it was decided to look for technologies, which can allow to incinerate the gas 
with a purpose of heat and power generation. A company, called Cleanergy AB, which is 
specializing in landfill gas incineration equipment, was contacted in order to elaborate a 
technical solution and to receive a commercial offer for the gas utilization system for the 
Hagby site. Cleanergy AB proposed to install 5 Stirling engines, which are capable of 
simultaneous heat and power generation. The evaluation of the commercial offer is 
presented below.   

 
Assessment of the proposed energy saving recommendations 
Three aspects were evaluated in the Cleanergy AB offer. The assessment is presented in a 
form of sub-sections. First, checking calculations, regarding possible heat and power 

production as well as 2CO  savings, were carried out. Then, the payback period was 

evaluated. Every section includes a small summary of results. The assessment of the 
solution, proposed by Cleanergy AB, ends with comments on the necessity of the plant 
heating systems reorganization in case SÖRAB will decide to install the engines. 

 
Heat and electrical energy production 

 

Figure 15. Stirling engine efficiency diagram at different values of methane content 
(provided by Cleanergy AB) 
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Available data, needed for the analysis, is presented in Table 15. 
 

Table 15. Data for the analysis (information obtained from SÖRAB reports) 

Name Number Measurement units 

 

Annual energy consumption at 
the site (2015) 

2 345 MWh  

Annual landfill gas production 
(2015) 

761 982 3nm

h
 

The average concentration of 
methane in the gas (2015) 

35 % 

Number of Stirling engines 5 pcs 

 

Analysis 
Table 16 presents the data, acquired from the Stirling engine efficiency diagram at 
different values of methane content (Figure 15). 
 

Table 16. Data for one Stirling engine (methane concentration 35%) 

Name Value Measurement 
units 

Electrical output 7 kW  
Hot water  
Output 

17 kW  

Gas flow 8,5 3nm

h
 

 

Annual indicators for one Stirling engine: 

 
Annual energy generation (equation 26): 
7 24 365 61230 61,23kW h days kWh MWh                                                                         (26) 

 
Annual heat generation (equation 27): 

17 24 365 148930 148,93kW h days kWh MWh                                                                    (27) 

 
Annual gas flow (equation 28): 

3 3

8,5 24 365 77460
nm nm

h days
h h

                                                                                            (28) 
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Annual indicators for five Stirling engines are presented in Table 17. 
 

Table 17. Annual indicators for five Stirling engines 

Name Number 
calculated 

Number from the 
Cleanergy offer 

Measurement 
units 

Annual electricity 
production 

306,15 300 MWh  

Annual heat 
production 

744, 6 749 MWh  

Annual gas 
consumption 

387 300 394 000 3nm

h
 

 
 

Summary 
In the frames of calculations the annual electricity and heat production as well as gas 
consumption of 5 Stirling engines were evaluated. Since it was not possible to check the 
accuracy of the Stirling engine efficiency diagram at different values of methane content 
due to its specificity, the calculations were done on the base of the diagram, provided by 
Cleanergy AB. 
 
The results of the calculations match with the results, presented in the commercial offer. 
Installation of 5 Stirling engines at the Hagby site will allow covering around 13% of total 
annual electricity consumption and will help to utilize 52% of the gas, generated at the 
landfill. In order to calculate the heat savings more data regarding the heating systems for 
every building are required.  
 

2CO  savings 

Methodology of the 2CO  savings calculations for Stirling engines: 

1. Indentify the amount of energy (heat and power), produced in the Stirling engines, 

which can be efficiently utilized at the Hagby site 

2. Calculate the amount of 2CO  emissions for above-mentioned amount of energy, 

assuming that the energy was obtained from the currently used sources (electrical 

grid) 

3. The calculated amount of 2CO  will be 2CO  savings 

2CO  savings from electricity production 

With 5 Stirling machines it is possible to generate around 300 MWh of electrical power per 
year. Thus, SÖRAB will buy 300 MWh less from the national grid. 
 

2CO  savings in this case will be the following (equation 29): 

2
2300 0,023 6,9

tCO
MWh tCO

MWh
                                                                                                (29) 
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2CO  savings from heat production 

In order to calculate the heat, which can be efficiently utilized at the site, more data 
regarding the organization of the heating systems is required.   
 

Total 2CO savings 

In the commercial offer Cleanergy Team states, that it will be possible to save 2212tCO in 

case of installation of 5 Stirling engines. However, those calculations are based on the 

average European emission factor for consumed electricity – 20,46
tCO

MWh
, when for 

Sweden this indicator is lower – 20,023
tCO

MWh
 (eumayors, n.d.). 

 

Despite the fact that Cleanergy AB team has not provided the full methodology of 2CO  

savings calculations, it is possible to assume that 2212tCO  stands for the following amount 

of MWh (equation 30): 

2

2

212
461 ;

0,46

tCO
MWh

tCO

MWh

                                                                                                                 (30) 

 

Recalculated amount of 2CO , according to the Swedish emission factor for consumed 

electricity is the following (equation 31): 

2
2461 0,023 10,58 ;

tCO
MWh tCO

MWh
                                                                                           (31) 

Possible total 2CO savings, which might occur in case of installation of 5 Stirling engines, 

are presented in Table 18 below. 

Table 18. Summary of possible 2CO  savings 

Name 
Number calculated 

Number from the 
Cleanergy AB offer 

Measurement units 

Total 2CO savings 10,58 212 
2tCO  

 
Summary 

Cleanergy AB Team conducted the calculations of 2CO  savings, using the average 

European emission factor for consumed electricity, which is higher than the Swedish one. 
In further calculations it is recommended to work with indicators for Sweden in order to 
obtain more accurate results.  
 

Payback period 
 

Electrical energy and heat production 
According to the calculations, total annual electrical energy production from 5 engines is 
around 300MWh. Average price, which SÖRAB pays for 1kWh of electrical power is around 
1 SEK (Johansson, 2016). 
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If 300MWh are generated at the site then the company will buy 300MWh per year less 
from the grid, which corresponds to 300 000 SEK. It is fairly difficult to evaluate the heat 
savings because of the lack of the data regarding the organization of the heating systems, 
which Cleanergy team had in mind when the calculations were done as well as it is not 
clear how the value of 1 kWh of heat was calculated. In order to do the evaluation more 
data is required. 
 

Summary 
Calculated amount of reduced electrical energy costs matches with the numbers, 
represented in the proposal. Financial savings for heat generation depend on the type of 
the heating system. 
 

Plant heating systems  

An important factor in making the final decision, regarding the offer from Cleanergy AB is 
the understanding of the heating systems, which will be needed to organize in order to 
utilize the heat from the Stirling engines during the cold time of the year as well as heat 
recycling systems for the hot period of the year. Below the analysis of the current systems 
as well as proposals, regarding the organization of new systems at the Hagby site are 
presented. The present organization of the heating systems for each of the plant buildings 
is presented in Table 19. 

Table 19. Current heating systems at the Hagby plant 

The name of the building Type of the heating system 

Office geothermal heat pump system 

Conference building electric heating elements 

Workshop 1 36,4 kW  diesel machine 

Carwash not heated 

 
The workshop 1 and the carwash have a number of heating systems, which were 
constructed in the past and have not been functioning for some time. The old heating 
systems are presented in the figures 16, 17 and 18. 
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Figure 16. 1 out of 3 radiators in the workshop 1, which are left from the old heating system 

 

Figure 17. Heat fan in the workshop 1, which initially was connected to the geothermal heat 
pump system 
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Figure 18. Heat fan in the carwash, which initially was connected to the geothermal heat 
pump system 

The calculations, presented in the commercial offer from the Cleanergy AB, regarding heat 

demand per 
2m  of buildings at the plant are summarized in Table 20. 

 
Table 20. Required heat capacities for the buildings at the plant 

The name of the 
building 

Area, 
2m  Required heat 

capacity  per 
2m ,

2

W

m
 

Total required heat 
capacity, 

kW  

Office 100 100* 10 

Conference building 100 100* 10 

Workshop 1 260 200* 52 

Carwash 94 300* 30 

* data from the Cleanergy AB offer 
 
5 Stirling engines are capable of producing the following amount of heat per month 
(equation 32) 

749
62,4

12

MWh
MWh

months
                                                                                                                  (32) 

 
The total month heat demand for the workshop 1 and the carwash (equation 33) 

82 24 31 61008 61kW h day kWh MWh                                                                                  (33) 
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Thus, amount of heat, generated from 5 Stirling engines, is sufficient for providing heat for 
the workshop 1 and the carwash. 
 
Since the heating systems in the workshop 1 and in the carwash are not organized in a way 
that they can consume heat, generated in the Stirling engines it is important to take into 
account additional financial investments, which will be required for adjusting the heating 
systems. The buildings (the workshop 1 and the carwash) insulation improvement can 

decrease required amount of heat, thus lead to additional costs, energy and 2CO  savings. 

 

Summary 
Since 5 Stirling engines are capable of providing heat only for the workshop 1 and the 
carwash it is recommended to organize heating systems in the following way (Table 21): 
 

Table 21. Proposed heating systems for the buildings at the Hagby plant 

The name of the building Proposed system 

 

Office Geothermal heat pump 

Conference building 

Workshop 1 Stirling engines 

Carwash 

 
The old heating elements (radiators and heat fans) in the workshop 1 and in the carwash 
might be used for providing the buildings with heat, generated in Stirling engines. Due to 
different technical characteristics of the available systems in the workshop 1 and the 
carwash, it might be better to organize two heating circuits; one for the radiators and one 
for the heat fans. The heat fans might be seen as additional heating elements for cold 
period of the year. If the amount of heat, provided by radiators is not enough, then it will 
be possible to turn on the heat fans and intensify the heating of the facilities. Also it is 
important to understand how the heat, generated in Stirling engines, will be utilized during 
the hot period of the year. 
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Summary 
The summary of the focus area (Landfill gas utilization system) analysis is presented in 
Table 22 below. 

Table 22. Summary of the area analysis (Landfill gas utilization system) 

Opportunity 
ID  

Opportunity 
title 

Estimated 
annual 
Energy 
Savings 

( kWh ) 

Estimated 
annual Cost 
Savings 
(SEK) 

Estimate
d annual 

2CO  

Savings 
(tones) 

Estimated 
capital cost 
(SEK) 

Estimated 
payback 
period, 
years 

08 Utilization of 
the landfill 
gas 

Electricity: 
300 000* 
Heat: 
749 000* 

520 691** 10,58 2 255 435* 5 – 6*  

Process/Technology Description 
Incinerate landfill gas with a purpose of heat and energy generation  

Rationale 
Incineration of landfill gas in Stirling engines will bring decrease in energy consumption from the national 

grid as well as will diminish 2CO  emissions   

Opportunity Description 
Install 5 Stirling engines for incinerating the landfill gas for the purpose of heat and energy generation 

Risks 
It is hard to evaluate the concentration of methane in the landfill gas in the years to come, thus it is 
difficult to assess efficiency of the equipment in the future, therefore payback period might take longer 
time than it was initially calculated 

Next step 
Discuss all the uncertainties in the commercial offer with Cleanergy AB 
Evaluate pros and cons of the Stirling Engines installation at the Hagby plant 

* data from the Cleanergy AB offer 
**data from the Cleanergy AB offer (average in 10 years) 

3.11 Waste loading station 
 

Baseline assessment 
The Hagby plant has a waste loading station, which presses the household waste and loads 
it into 10 tons containers, which later are transported to Uppsala and Högdalens 
incineration plants.  
 
According to Rikard Fröling it is fairly expensive to use the waste loading station with press 
machine. Therefore, SÖRAB is considering the idea of building a new loading station at the 
Hagby plant with manual loading of the containers with a help of tractors. Comparative 
analysis of two waste loading systems was conducted in the current focus area of the 
project. 
 
The Lidingö waste management plant, which is also owned by SÖRAB, has a tractor manual 
loading station. Thus, all the information for the analysis was obtained within the company. 
Table 23 presents the expenses on waste loading stations at the Hagby and Lidingö waste 
management plants in 2014 and in 2015. All the data, presented in the table was provided 
by Rikard Fröling. 
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Table 23. Expenses on waste loading stations at the Hagby and Lidingö waste management 
plants in 2014 and in 2015 (Fröling, 2016) 

Hagby waste loading station Lidingö waste loading station 

Number of loaded containers in 2014 

6 000 816 

Annual energy consumption in 2014 , kWh** 

292 943 64 764 

Cost of consumed energy in 2014 SEK 

292 943 64 764 

Energy consumption per one container loaded, kWh 

49 79 

Cost of planned machines maintenance in 2014, SEK 

290 000 0 

Cost of planned container maintenance in 2014, SEK 

191 000 13 000 

Other maintenance costs in 2014, SEK 

274 000 2 000 

Cost of oil and lubricants in 2014 SEK 

0 0 

Cost of buildings maintenance in 2014 SEK 

107 000 0 

 

Number of loaded containers in 2015 

5 955 831 

Annual energy consumption in 2015 , kWh** 

292 943 64 153 

Cost of consumed energy in 2015, SEK 

292 943 64 153 

Energy consumption per one container loaded, kWh 

49 77 

Cost of planned machines maintenance in 2015, SEK 

622 000 0 

Cost of planned container maintenance in 2015, SEK 

113 000 20 000 

Other maintenance costs in 2015, SEK 

251 000 2 000 

Cost of oil and lubricants in 2015 SEK 

71 000 0 

Cost of buildings maintenance in 2015 SEK 

110 000 15 000 

Fuel for tractors, l* 

- 3 200 

Cost of fuel for tractors, SEK* 

- 41 600 

* only fuel for loading the containers is taken into account 
** since the number of containers, loaded in 2014 and 2015, is almost equal, it was 
assumed that the energy consumption was the same for both years 
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Possible energy saving opportunities 
Close the loading station with press machine and build a manual waste loading station, 
which consists of a tent facility, organized ventilation system, tractors for loading 
containers and containers. 
 

Assessment of the proposed energy saving recommendations 
In order to identify the best practice in loading waste it was decided to conduct a 
comparative analysis of two technological systems performance: loading station with a 
press machine and manual loading with a help of a tractor station. The comparative 
analysis was focused on the following key drivers:  
 

- energy consumption 

- cost of routine maintenance of the station 

- cost of sudden repairs 

Swedish krona was chosen as a unit of comparison because it is possible to convert all the 
other metrics, used in the analysis, into it. Average expenses on waste loading stations at 
the Hagby and Lidingö waste management plants in 2014 and in 2015 are presented in 
Table 24 below. 
 

Table 24. Average expenses on waste loading stations at the Hagby and Lidingö waste 
management plants in 2014 and in 2015 

Hagby waste loading station Lidingö waste loading station 

Average number of loaded containers in 2014 and 2015 

5 978 824 

Average annual energy consumption in 2014 and 2015, kWh 

292 943 64 459 

Average cost of consumed energy in 2014 and 2015, SEK 

292 943 64 459 

Average costs of planned machines maintenance in 2014 and 2015, SEK 

456 000 0 

Average costs of planned container maintenance in 2014 and 2015, SEK 

152 000 17 000 

Average other maintenance costs in 2014 and 2015, SEK 

263 000 2 000 

Average costs of oil and lubricants in 2014 and 2015, SEK 

36 000 0 

Average costs of buildings maintenance in 2014 and 2015, SEK 

109 000 7 500 

Cost of fuel for tractors, SEK* 

0 41 600 

 

Average expenses per container in 2014 and 2015, SEK 

219 161 

* only fuel for loading the containers is taken into account 
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As it is seen from the results in Table 24, it costs more to manage one container at the 
Hagby loading station, than at the Lidingö station. If the current trends continue, the 
annual savings from shifting from one system to another can reach the following amount 
of money (equation 34): 

(219 161 ) 5978 346724SEK SEK containers SEK                                                               (34) 

  
Wages of the employees was not taken into account in the calculations. It was assumed 
that both systems require the same amount of staff. The amount of savings might vary 
depending on this factor. 
 
It is also important to mention that with a shift to the manual loading of containers the 

energy consumption will raise, consequently 2CO  emissions will increase. However, due to 

high economic savings it is still recommended to consider the idea of shifting to a system, 
which is in operation at the Lidingö plant. 
 

Economic evaluation 

Capital Costs 
According to the data, provided by Rikard Fröling, a new waste loading station at the Hagby 
plant will cost around 2 000 000 SEK. Additional expenses on new containers will be around 
1 300 000 SEK. 
 

Payback period 
Payback period will be the following (equation 35): 

3300000
10

346724

SEK
years

SEK

year

                                                                                                               (35) 
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Summary 
The summary of the focus area (Waste loading station) analysis is presented in Table 25 
below. 

Table 25. Summary of the area analysis (Waste loading station) 

Opportunity 
ID  

Opportunity 
title 

Estimated 
annual 
Energy 
Savings 
( kWh ) 

Estimated 
annual 
Cost 
Savings 
(SEK) 

Estimated 
annual 

2CO  

Savings 
(tones) 

Estimated 
capital 
cost 
(SEK) 

Estimated 
payback 
period 

09 Shifting to 
tractor 
waste 
loading 
system 

- 346 724 -  3 300 000 10 

Process/Technology Description 

Change the waste loading system from loading station with a press machine to a station 
with tractor loading  

Rationale 

Shifting to tractor waste loading will slightly increase energy consumption per container, 
but it will significantly decrease maintenance costs 

Opportunity Description 

Instead of using the old waste loading station at the Hagby plant it is proposed to build a 
new loading facility, which consists of a tent, organized ventilation system, tractors for 
loading containers and containers   

Risks 

- high initial capital costs 

Next step 

Find a company, which can organize a required system of waste loading and ask for a 
commercial offer 

3.12 Other energy saving opportunities 
 

In this section the energy saving recommendations, which can be applied to different areas 
at the Hagby plant are presented.  
 

      3.12.1 Optimization of the energy consumption meters system 

Baseline assessment 
Currently all the data, regarding the energy consumption at the plant, is registered 
manually by Anders Carlsson. Every month the process supervisor visits 25 energy meters 
in order to get the energy consumption information, afterwards the data is put into an 
excel document.  
 

Recommendation 
It is recommended to integrate a system of transmitting devices into the energy meters, 
which can allow gathering all the data at one point and getting online information 
regarding the energy consumption at the plant.  Introduction of such system will allow to 
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increase the accuracy of the energy consumption data registration as well as it will 
facilitate the work of the staff, since it won’t be needed to visit all the energy meters every 
month anymore. 
 

Next step 
Invite an expert in automation systems, who can give a conclusion on if it is possible to 
introduce the system with available electricity meters or it will be necessary to replace the 
devices. 

      3.12.2 Guidelines on energy saving opportunities at the company for 
employees 

Baseline assessment 
During the visits to the Hagby plant it was noticed that not all the employees are aware of 
the energy saving opportunities, which they can realize at their work places.  
 

Recommendation 
It is recommended to create guidelines on how every employee can contribute to energy 
efficiency of the company. The information in the guidelines might include the following 
aspects: 
 

- Manual control of the heating devices at the workplaces 

- Inspection of the window and door insulation seals 

- Turning off the light, where it is not needed 

- Turning off office appliances, when they are not used 

Moreover, it is recommended to conduct a seminar for all the employees and present the 
upper-mentioned guidelines. Finally, it is desirable to create a rewarding system of 
feedback, where each employee can submit his/her ideas on how to improve energy 
efficiency at the plant. 
 

Next step  
Create a guideline on how every employee can contribute to energy efficiency of the 
company, conduct a seminar for the employees and spread the information inside the 
company. 
 

      3.12.3 Open a position of an energy manager at the company 

Baseline assessment 
In the frames of the current energy audit it was identified that the plant has a number of 
opportunities for improvements in terms of energy efficiency. However, currently, the 
company does not have an employee, who is responsible for searching and implementing 
new energy saving opportunities at the company’s plants. 

 
 
 
 
 
 



 

56 
 

Recommendation 
It is recommended to create a position of an energy manager at the company with the 
following responsibilities: 
 

- developing, coordinating, and implementing strategies and policies, aimed on 

reducing energy consumption 

- creating policies and systems for buying energy and helping with contract 

negotiations 

- providing technical and practical advices as well as offering training on energy 

efficiency 

- keeping accurate records and regularly collecting energy consumption data 

- carrying out plant inspections, focused on identifying EMO 

- keeping up to date with legislation in energy sphere  

Next step 
Assess the necessity of hiring an energy manager for the company. 
 

      3.12.4 Installation of automatic regulators for heating systems 

Baseline assessment 
Heating systems in the conference building, the main office and the small office are 
controlled manually with a help of regulators on each heating element. While at the main 
and small offices employees work permanently, the conference facility is used only for 
special occasions. Several visits to the Hagby plant conference building showed that the 
temperature inside the facility is maintained on a level of 25-26 °C all the time, which is 
unreasonably high for a place, where no one works permanently. 
 

Recommendation 
It is proposed to install automatic regulators for the heating system at the conference 
building, which is capable of regulating the internal temperature with a mobile phone. 
Thus, a person with an access can increase the temperature inside the room, only when it 
is needed, remotely with a help of a mobile phone. These systems can be also installed in 
the main and small offices. 
 

Next step 
Invite an expert in automation systems 
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Summary 
The summary of the focus area (Other) analysis is presented in Table 26 below. 

Table 26. Summary of the area analysis (Other) 

Name of an 
opportunity 

Opportunity 
description 

Rationale Next step 

1. Optimization of 
the energy 
consumption 
meters system 

 

Integrate a system 
of transmitting 
devices into the 
energy meters, 
which can allow 
gathering all the 
data at one point  

Introduction of such 
system will allow to 
increase the 
accuracy of the 
energy consumption 
data  registration as 
well as it will 
facilitate the work of 
staff 

Invite an expert in 
automation systems 

2. Guidelines on 
energy saving 
opportunities 

Create guidelines on 
how every employee 
can contribute to 
energy efficiency of 
the company 

Certain amounts of 
energy can be saved 
through reasonable 
usage of energy at 
the workplaces 

Create the 
guidelines 

3. Open a position of 
an energy 
manager 

Create a position of 
an energy manager 
at the company 

Currently the 
company does not 
have an employee, 
who is responsible 
for searching and 
implementing 
energy saving 
opportunities at the 
company’s plants 

Assess the necessity 
of hiring the energy 
manager for the 
company 

4. Installation of 
automatic 
regulators for 
heating systems 

 

Install automatic 
regulators for the 
heating system at 
the conference 
building, which are 
capable of 
regulating the 
internal 
temperature with a 
mobile phone 

A person with an 
access can increase 
the temperature 
inside the room only 
when it is needed 
remotely with a 
mobile phone. 

Invite an expert in 
automation systems 
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3.13 Summary of results 

The summary of all the focus areas analysis is presented in Table 27 below.  

Table 27. Summary of the results 

Opp. ID 
Focus area Opportunity title Estimated annual 

energy savings, 
kWh 

Estimated 
annual cost 
savings, SEK 

Estimated 

annual 2CO  

savings, 2tCO  

Estimated capital 
cost, SEK 

Estimated 
payback period, 

years 

01 Aeration systems 
Optimization of the air 

compressor stations work 
27 619 27 619 0,635 0 0 

02 Pumping systems 
Optimization of the 
water pumps work 

45 800 45 800 1,05 2 000 – 3 000 <1 

03 Ventilation systems No EMO were found - - - - - 

04 

Internal microclimate in 
the chemicals storage 

rooms 
 

Optimization of the 
heating systems in the 

chemicals storage rooms 
1 and 2 

- - - 2 000 – 3 000 - 

05 Insulation of the facilities 
Improvement of the 

plant facilities insulation 
- - - - - 

06 
Lightning at the main 

office 
 

Improvement of the 
lighting system at the 

main office 
3 427 3 427 0,079 7 000 – 17 500 2 - 5 

07 
Outdoor lighting 

 

Replacement of sodium-
vapor lamps on LED 

lighting 
92 000 92 000 2,116 2 000 000 22 

08 
Landfill gas utilization 

system 
Utilization of the landfill 

gas 

Electricity: 
300 000 

Heat: 
749 000 

520 691 10,58 2 255 435 5 

09 
Waste loading station 

 
Shifting to tractor waste 

loading system 
- 346 724 - 3 300 000 10 

Total 

  Electricity 
468 846 

Heat 
749 000 

1 036 261 14,46 - - 
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In order to evaluate different investment possibilities, three scenarios of the plant energy 
performance were elaborated. 
 

1. Scenario 1. Doing nothing scenario. A projection of the plant energy performance if 
none of the proposed energy management opportunities are implemented. 
 

2. Scenario 2. A projection of the plant energy performance if the energy 
management opportunities, which do not require any financial investments 
together with measures, which require low and medium financial investments are 
implemented. 

 

Improvements in the following areas require no, low or medium financial 
investments: 
 
1. Aeration systems 
2. Pumping systems 
3. Internal microclimate in the chemicals storage rooms 

4. Insulation of the facilities 
5. Lightning at the main office 

 

3. Scenario 3. A projection of the plant energy performance if all of the proposed 
energy management opportunities are implemented. 
 

The total energy consumption at the Hagby plant varies from year to year. However, it is 
still possible to identify general trends and make a projection for the future year. Since, at 
the moment, no substantial changes, which can affect energy use at the site, are planned; 
the projected energy consumption for 2016 was calculated, basing on the average increase 
in consumption over the past three years. Total energy consumption at the Hagby plant, 
depending on the year is shown in Table 28 below. 
 

Table 28. Annual energy consumption at the Hagby plant (information obtained from 
SÖRAB reports) 

Year Total energy consumption, kWh Change from previous year, % 

2013 2 204 248  

2014 2 318 042 4,91 

2015 2 345 019 1,15 

 
It was assumed that projected change in total energy consumption will be the following 
(equation 36): 

4,91% 1,15%
3,03%

2


                                                                                                                (36) 

 
Projected total energy consumption for 2016 (equation 37): 

2345019 1,0303 2416073kWh                                                                                                  (37) 
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1. Scenario 1. In the first scenario, where no energy management opportunities are 

applied the annual total energy consumption will be equal to projected –

2416073kWh . 

 

2. Scenario 2. Implementation of the opportunities, which require no, low or medium 

investments can bring 76846kWh  of annual energy savings. Thus, the total annual 

energy consumption in this case will be the following (equation 38): 

       2416073 76846 2339227kWh kWh kWh                                                                   (38) 
 
3. Scenario 3. Introduction of all the proposed measures can bring 468846kWh  of 

energy savings per year. Thus, the total energy consumption will be (equation 39): 

2416073 468846 1947227kWh kWh kWh                                                                  (39) 

 

Figure 19. Three projected scenarios of the total energy consumption at the plant for 2016 

Figure 19 shows the comparison of energy consumption in three scenarios. Possible energy 
savings, which might arise from implementing EMO in areas of internal microclimate in the 
chemicals storage rooms and insulation of the facilities, were not analyzed, because of the 
complicated methods of calculations as well as large number of factors on which the 
outcome depends. Heat savings, which can come from installing Stirling engines, were not 
taken into account in the summary of the results due to uncertainties in organization of the 
heat utilization systems. The summary of the estimated energy and costs savings is 
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represented in Table 29 below. Numbers in brackets are estimated energy savings in 
percentage. 

Table 29. Projected annual energy consumption, saved energy and costs for 2016 

Scenario 
Estimated annual 
Energy Savings, kWh 

Estimated annual 
Cost Savings, SEK 

Estimated annual 
Energy 
Consumption, 
kWh 

Scenario 1 0 0 2 416 073 

Scenario 2 76 846 (3,2%) 76 843 2 339 227 

Scenario 3 468 846 (19,4%) 468 846 1 947 227 
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4. Discussion 

In this section the discussion of the current study results is presented. The information flow 
starts with a data collection stage, follows with the discussion of the analysis of every focus 
area and ends with overall review of the final results. 

      4.1 Data collection 

Data collection stage of the project went successfully, since the audit was fully supported 
by the management of the company and its employees. The energy reports, which were 
provided by SÖRAB were reliable and included up-to-date information on the plant energy 
consumption and energy performance of the systems over time. However, some of the 
data was not found in the frames of the audit, thus several conclusions and 
recommendations were made, basing only on the available information. Moreover, in 
certain cases it was fairly difficult to assess initial investments for implementing energy 
saving opportunities; therefore certain assumptions in calculations were made.  Analyses of 
each of the focus areas are discussed in details below. 

      4.2 Aeration systems 

Analysis of the aeration systems at the Hagby plant showed that a change in operating of 
the equipment can bring up to 27 619 kWh/year of energy savings without any financial 
investment. Since collected data were reliable and operating practices were known, it was 
possible to get solid results only with theoretical calculations. No experiments with 
equipment were conducted in this area. Suggestions on improving energy efficiency in the 
area of aeration systems can be considered as a recommendation of high priority, since 
they do not require any investments for implementation. 

      4.3 Pumping systems 

Since the work of the pumping systems at the plant depends on several factors it was fairly 
difficult to theoretically evaluate the energy savings, which might arise from changes in 
equipment operating practices. Thus, it was decided to conduct experiments on working 
pumping equipment at the plant. Results of the pumping station examination can be 
considered as reliable, since they were conducted in the real operating conditions and 
approved by the SÖRAB employees. The analyses showed that with minor capital 
investments it is possible to achieve energy saving of 45 800 kWh/year. Short payback 
period and fairly high savings, compared to initial investments, make this recommendation 
reasonable for implementation. 

      4.4 Ventilation systems 

Due to the absence of the specific equipment, the functionality of both systems was not 
analyzed. Overall analysis of the ventilation systems technical documentation at the main 
office and visual inspection of the ventilation system at the conference building allowed to 
do a plausible conclusions on the energy efficiency performance. Both systems are 
equipped with air recuperators, which are considered as good technical solutions. No 
substantial energy management opportunities were found in this area. Further inspection 
of the functionality of both systems is needed in order to check if the systems are working 
according to the best operating practices. 
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      4.5 Internal microclimate in the chemicals storage rooms 

The analysis of the area showed available energy efficiency opportunities in the heating 
system of the chemicals storage room 1. Due to the fact that it is fairly difficult to 
anticipate how the system will work after the installation of the control device, the 
calculations of the energy savings were not conducted.  However, since the introduction of 
the energy efficient measure requires fairly low investment, it is highly recommended for 
the management of the plant to consider the technical suggestions in this area as high 
priority. Analysis showed that microclimate conditions in the chemicals storage room 2 are 
satisfactory. 

      4.6 Insulation of the facilities 

Thermographic inspection of the facilities was conducted in proper conditions, specifically: 
all the heating systems were operating in the normal mode, ambient temperature was 1°C, 
the sky was covered with clouds, thus no external or undesirable factors could affect the 
results of the inspection. Correct thermographic expertise of the facilities allowed to make 
reasonable assessment of the state of the facilities insulation at the plant. In the frames of 
the inspection the main sources of the heat losses were identified as well as general 
recommendations on how to improve the situation were given. Having the results of the 
analysis, the management of the plant is able to form an action plan of implementing 
improvements, prioritizing them according to the company interests. Energy savings and 
payback period of the investments in this focus area depend on the level of insulation 
improvements, methods and properties of the materials, used for improving the insulation 
of the facilities.  After the plant management elaborates the action plan, an expert in 
insulation systems can be invited to the site in order to conduct accurate calculations. 

      4.7 Lighting system at the main office 

Analysis of the lighting system in the main office is based on a number of assumptions, 
regarding the operating practices of the system. All the calculations were checked and 
approved by the experts from Stockholm Lighting Company.  As a result of the analysis, it 
was identified, that at the moment it is not financially feasible to shift to other types of 
lighting. However, there are available energy efficient opportunities. In particular, 
installation of occupancy sensors as well as usage of more efficient lamps can bring energy 
savings. Changes in the system might require different financial investments, depending on 
the selected devices. However, the simple payback period of 2 - 5 years can be considered 
as medium and worth investing. 

      4.8 Outdoor lighting system 

After the analysis of the area and consultations with Stockholm Lighting Company it was 
recommended to shift to LED devices for the outdoor lighting system. The analysis showed 
that shifting to LED lighting system will bring financial, environmental and other benefits in 
a long perspective. The calculations, presented in the current paper are partially bases on a 
number of assumption, thus a deeper analysis is required in order to identify all the 
possible changes in the design of the system, which might happen during the realization of 
the project. For instance, one LED spotlight might be installed instead of two sodium-vapor 
lamps and still provide the area with a required amount of light. 
 
It was fairly difficult to make an accurate assessment of the simple payback period, since 
the information about the expenses on the maintenance of the sodium-vapor fittings at the 
plant was not found. The amount of money savings, presented in the results is 92 000 



 

63 
 

SEK/year. However, if the savings which come from more rare maintenance of the LED 
fittings are taken into account, the financial benefits of implementing the system will be 
higher. It also necessary to mention that initial capital costs in this area are high, thus if the 
company decides to introduce the new lighting system in any case - it will be a long-time 
investment. 

      4.9 Landfill gas utilization system 

Search for technical decisions in this area was conducted in cooperation with a company, 
called Cleanergy AB. The analysis, which was done in the frames of the energy audit, was 
an assessment of the technical solution and the commercial offer, provided by the 
company. Since the commercial offer was a preliminary one, some of the aspects were not 
accurately elaborated. Also, since Cleanergy AB did not provide a full methodology of the 
calculations together with the commercial offer, the evaluation of the offer was partially 
based on a set of assumptions. In particular, it is was not clear how the heat, generated in 
Stirling engines will be utilized in the plant systems as well as calculations of money 
savings, which come from heat generation, are not well explained. Also, it is fairly difficult 
to predict the concentration of methane in the landfill gas in the future, thus efficiency of 
the installation might be lower than projected.  
 
Due to high uncertainties and high initial investments it is recommended to conduct a more 
accurate study in this area, engaging experts from industry as well as to carry out a 
thorough discussion within the company management.  
 
Alternative technical solution, which might be considered, is to use the landfill gas only for 
heating the plant premises. Since the gas is incinerated in the torch anyway, the heat might 
be used for heating the facilities in the cold period of the year and just be incinerated 
during the warm period of the year. Further study is needed in order to evaluate this 
suggestion.    

      4.10 Waste loading station 

A comparative analysis of two technologies for loading waste into containers allowed to 
identify the most beneficial solution. The assessment was conducted from financial 
perspective, since, according to the management of the plant, high maintenance costs 
were the main reason, why the company was looking for alternative technical solutions. 
Swedish krona, as a unit of measurement, allowed to compare two different systems and 
to make reasonable conclusions. Despite the fact that the system with manual (tractor) 
loading consumes almost twice more energy, because of energy-intensive ventilation 
system, the total expenses on loading one container are lower. Since it is possible to use 
only energy, generated from renewable energy sources, the increase in energy 

consumption won’t have any effect on the amount of 2CO  emissions. Despite high initial 

investments and fairly long payback period, a shift to alternative waste loading can be 
profitable for the plant in terms of financial benefits. 
 
As it is seen from the calculations, a shift to a new waste loading system will bring increase 
in energy use, but thanks to the reduced maintenance costs it will be possible to save 
around 346 724 SEK per year. 
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      4.11 Other energy saving opportunities 

The section with other recommendations was added to the energy audit report on the 
initiative of the energy auditor. This section includes additional measures, which can be 
applied to all the energy consuming areas at the Hagby plant. The recommendations are 
done in a form of general suggestions. 
 
Optimization of the energy consumption meters system can provide engineers at the 
Hagby plant with online data, regarding the energy consumption, as well as will help to 
follow-up the electricity consumption over the time. Moreover, implementation of the 
system will decrease the human factor in collecting the data, thus the information will 
always be accurate. Installation of the control system for the heating elements will ensure 
that energy is used only when and where it is required.   
 
Elaboration of energy efficiency guidelines for the Hagby plant staff and conducting the 
seminars on the housekeeping energy saving opportunities will also contribute to energy 
savings, since every employee will know how he or she can save energy at the workplace. A 
lot of interesting and valuable ideas were found from the interviews with the plant staff in 
the frames of the current audit. Thus, development of a rewarding system of reporting the 
ideas on efficiency can bring benefits for the company in terms of improved energy 
performance. People, who work with equipment on everyday basis know a lot about it and 
can make good suggestions on how the make a process or a system more rational, if it is 
possible. 
 
Another recommendation was to open a position of an energy manager at the company. A 
person, who holds this position will be responsible for identifying inefficiencies in terms of 
energy use, follow the changes in power consumption of the company, elaborate a plan of 
EMO implementation and will do a review of the results. In the fast developing world it is 
important to follow the latest trends, regarding new technologies. 

      4.12 General review   

A certain amount of energy might be saved just by introducing energy housekeeping 
suggestions and by implementing measures, which require no or low investments. For 
instance, adjusting of aeration equipment operating mode can bring savings up to 27 619 
SEK/year without any expenses. Also, improvement of facilities insulation at the plant can 
be realized by employees of the company, using already available materials at the site. 

Improved insulation of the facilities won’t just bring energy/heat/money/ 2CO  savings, but 

also will improve working conditions in the premises. 
 
Optimization of the equipment operating practices will bring not only resource savings, but 
also extension of life time, thus installations will serve longer and will require less frequent 
maintenance. The pumping equipment and the heat fan in the chemicals storage room 1 
can be easily optimized by installing automatic devices, which are able to control the work 
of the equipment.  
 
The analysis of the main office indoor lighting system showed that despite a general trend 
of shifting to LED lighting, it is financially not profitable to optimize it from fluorescent to 
LED. However, the expertise showed that the waste of energy occurs, when the light is on, 
but no one is present in the room. It was recommended to install the occupancy sensors in 
the office premises and use more efficient lamps in the corridor. 
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Before implementing the all the EMO, which require high initial financial investments, it is 
needed to conduct a deep analysis of the proposed suggestions and consider all the 
alternatives. Engagement in the discussion of the company management is vital, since long-
term projects should be in line with a plan of company’s strategic development.   

4.13 Validation of results 

The results, obtained in the current study, can be considered as valid and reliable because 
of a number of reasons. The initial data for the analysis of all the focus areas was collected 
either from the actual reports, provided by SÖRAB, or gathered personally by the energy 
auditor during the plant visits. Identification of the energy saving opportunities was 
conducted in cooperation either with plant engineers, who work with equipment on every 
day basis, or with external experts from the industry. After receiving technical solutions 
and commercial offers, from the companies, which were engaged in the energy audit, 
checking calculation of the results, were conducted by the energy auditor. Finally, after the 
energy audit report was finished it was approved by SÖRAB engineers. Thus it is possible to 
state that the results are based on reliable data and the analysis was conducted correctly. 
 
However, it is important to mention that all the results are based on preliminary 
calculations and give an overall picture of possible energy savings in case of implementing 
certain EMO. In order to obtain an accurate data for each of the focus areas it is 
recommended to elaborate a plant energy management program, basing on the current 
report and invite specific experts from industry, who can analyze the plant systems and 
give accurate commercial offers and energy savings projections.       

      4.14 Possible energy performance scenarios 

Description of the final results is given in a form of three scenarios. Such form of 
presentation allows to show possible outcomes of implementing various EMO. However, 
after the discussion within the company, the management might group and prioritize the 
energy saving opportunities in accordance with their plans. In that case energy scenarios 
might vary. 
   
Scenario 1 presents a so-called “doing nothing scenario”, which will be true is no of the 
suggestions are realized. As it is described in the scenario 2, all the measurement, which do 
not require any, require low or medium investments can reduce energy consumption by 
around 3,2% per year, which corresponds to 76 843 SEK of annual money savings. 
 
On the one hand realization of the EMO, which require high financial contributions will 
have longer payback periods, therefore they have to be thoroughly analyzed before 
deployment. On the other hand their implementation can bring up to 468 846 kWh/year of 
total savings, which corresponds to a total annual decrease in energy consumption of 
19,4%. 
 
Since some of the calculations in the current study are based on various assumptions and 
represent overall assessment of the energy saving measures, after the elaboration of the 
energy management program, experts from industry need to be invited in order to give 
accurate calculations for every focus area. 
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5. Conclusion 

Nowadays, energy efficiency is one of the key factors which allows any industry to stay 
competitive regionally and globally. Moreover, today companies pay more attention to 
thrifty consumption of resources in order to answer modern challenges of energy security, 
new governmental policies, air pollution and climate change.  An energy audit is an 
instrument, which can be used for understanding how the energy is used and identify 
possible energy saving opportunities.   
 
The current energy audit was a plant specific study, thus all the results and conclusions 
were based on the specific plant conditions and are applicable only to the Hagby plant. 
However, the methodology, which was used for analyzing the focus areas, can be applied 
to other industrial facilities with the same type of equipment. Also, the energy 
performance indicators can serve as a base for benchmarking or comparative analyses in 
other audit studies. 
 
In the current study 10 energy-consuming areas were analyzed. These focus areas were 
pre-defined in the frames of the preliminary energy audit. Every area was analyzed 
separately, with application of specific methods and engaging certain specialists from 
industry if it was required. All of the recommendations were put in order according to the 
amount of investments needed for their implementation. 
 
The project went successfully, since all of the goals were achieved and the main outcome 
of the project, which is a list of recommendations for each of the areas, was generated. 
Analysis showed that some of the equipment requires changes in operating practices and 
no or low financial investment, when other need substantial modifications and 
introduction of new technologies.  
 
If none of the proposed energy saving opportunities are implemented, the projected 
energy consumption for 2016 will be 2 416 073 kWh. According to the results of the study, 
with the implementation of the suggestions, which require no, low or medium investments 
it is possible to save 3,2% of the energy per year, which corresponds to 76 846 kWh. Energy 
consumption can further be decreased by implementing measures, which need high initial 
financial investment. In that case total savings will be 468 846 kWh or 19,4% of total annual 
energy consumption. Additional energy might be saved just by introducing energy 
housekeeping measures. Finally, implementation of all the proposed EMO can bring 14,46 

tons of 2CO  savings annually. Additional benefits of implementing the energy saving 

opportunities come from decreasing environmental impacts, improving working conditions 
of the plant employees and higher energy security at the plant. 
 
The result of the energy audit can be a solid base for establishing an energy management 
program at the plant, which will include performance targets, required resources and a 
clear procedure of the improvements realization. Since a separate evaluation of every area 
is given, the management of the plant can prioritize the introduction of the energy saving 
measures, according to the company needs. It is also worth mentioning that the program 
can be adjusted during the execution of the project if the follow-up audits show 
inefficiencies in the initial plan. 
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