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1. INTRODUCTION 
 

For the last several decades, global aspirations strive to base the economic growth in line with the 

sustainable development concept. One of the main contributors, in achieving sustainability, is 

reduction of resource (energy and materials) consumption and, with it associated, waste generation. 

During the transition from linear (“take-make-dispose”) to circular (“reduce-reuse-redesign-recycle”) 

economy, many countries and regions around the world are facing challenges in achieving sustainable 

product’s and service’s production and consumption, with the same time trying to change 

unsustainable patterns of resource management and its conversion into waste in a high pace. 

In linear economy models, waste is traditionally thought of having no value. Waste management was 

more focused on downstream or “end-of-pipe” solutions and all the activities regarding waste 

management were oriented on waste collection and surface disposal (landfills) and/ or incineration. 

Consequently, significant amount of money was invested into the mentioned activities, without 

adequate consideration on resource saving measures and/ or its economic reuse. This conventional 

type of waste management is not sustainable due to the fact that landfills, beside occupying large land 

surfaces, are also a major source of methane (CH4) emissions, which is a multiple times more powerful 

greenhouse gas than carbon dioxide (CO2). 

In the circular economy, waste management should be in line with so-called “waste hierarchy” (Figure 

1.). The waste hierarchy is not a new thing. The European Union (EU) introduced the waste hierarchy 

concept already in 1975 and ever since tried to base it’s waste management policies (like the European 

Waste Framework Directive in 2010) on it. Last few decades waste management policies in many 

countries are closely related to and integrated with climate policies. 

According to the hierarchy, waste treatment should be managed in the following order (Rapp Nilsen, 

2016): 

1. Waste prevention and reduction; 

2. Waste reuse; 

3. Waste recycling; 

4. Waste recovery; 

5. Waste disposal. 

 

According to some authors, the term “waste hierarchy” should be replaced with the term “hierarchy 

of resource use” or “pyramid of resource use” because the term “waste” does not suggest 

management of resources in circular manner (Gharfalkar et al., 2015). 
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Figure 1. The waste hierarchy (adapted from Rapp Nilsen, 2016) 

 

As it could be seen from Figure 1, the hierarchy is based on waste prevention and reduction actions, 

which can be achieved by restricting and reducing use of raw resources (materials and energy). Such 

an approach enables dealing with the problem of waste creation during production cycle at the 

beginning of the production process and not, as usual, “at the end of pipe”. Alternative to the reduction 

of resources use is the replacement of materials in the production process (for instance replacing the 

regular plastics with biodegradable one), which is, in case of some processes, not always feasible (Rossi 

et al., 2015). 

Raw resources (materials and energy) are the basis of goods and services worldwide. Over the last few 

centuries, the global consumption of raw resources recorded tremendous growth. The main drivers 

for the increase in raw resources (material and energy) consumption were the increase in global 

population and the discovery of new energy sources. There was also a shift in the relation between 

material and energy that resulted in changes in the composition of material use.  

The wide range of raw materials can be generally divided into the four main categories: biomass, non-

metallic minerals, fossil fuels, and metals. In the first part of the 19th century, the global economy was 

mostly based on biomass, with it accounting for 80 % of all material and more than 95 % of all energy 

consumption. In the second part of the 19th century, with the further development of global 

industrialization and the emergence and growth of urban-industrial centres, the significance of fossil 

fuels, metals and construction minerals started to rise, and the consumption of biomass as a key 

material resource gradually fell to 75 %. In the 20th century, and especially the years following World 

War II (WWII), the industrial development further accelerated, and the share of biomass in global 

material consumption has declined to roughly 30 %. At the same time construction minerals became 

the largest material group with a share of 40 %. At that point the share of fossil fuels was 20 % and 

ores and industrial minerals 10 % (Krausmann et. al. 2016).  

In the period from 1970 to 2017, the global extraction of raw materials increased more than 240%, 

reaching an amount of 92 ×109 tonnes in 2017 (http://www.materialflows.net/global-trends-of-
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material-use/). By 2050 it is expected to reach 186×109 t with the Business as usual (BAU) scenario 

(UNEP, 2018). Global consumption of raw materials in period from 1970 to 2017 is shown in Figure 2, 

and Figure 3 gives the insight into the production of key minerals for the energy transition in the last 

decade. The number of years of remaining key minerals production, based on known reserves and 

annual production levels at the end of 2019, is shown in Figure 4. These predictions can change with 

time, based on the discovery of new reserves, and changes in annual production. 

 

 

Figure 2. Global consumption of raw materials in period from 1970 to 2017 
(www.materialflows.net, 2020) 

 

As it could be seen from Figure 2, in period from 1970 to 2019, consumption of non-renewable 

materials, particularly industrial and construction minerals, which played crucial role in the global 

development of construction work and energy and transportation infrastructure, grew by 376%. Such 

strong growth rates indicate strong dependence of the continuing industrial development on material 

and its importance, especially in emerging economies. In the reference period the consumption of 

renewable resources (accounted as biomass), increased by more than 167%, reflecting the growing 

trend towards industrialized agriculture and forestry, biomass based energy production, and growing 

demand for feedstuff (http://www.materialflows.net/global-trends-of-material-use/). 

 

http://www.materialflows.net/global-trends-of-material-use/
http://www.materialflows.net/
http://www.materialflows.net/global-trends-of-material-use/
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Figure 3. The production of key minerals in period from 2009 to 2019 (adapted from BP, 2020) 

 

 

Figure 4. The number of years of raw materials production left based on known reserves and 
annual production levels (based on the data at the end of 2019) (BP, 2020) 
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The increase in global material consumption, over the last 200 years was also world widely followed 

by the increase in energy consumption. During 2018 global primary energy consumption grew by 2.3% 

compared to 2017, with People’s Republic of China, India and the USA together accounting for 70% of 

the rise (in 2017 they accounted 43% of the rise), and fossil fuels accounting for 70% (in which natural 

gas 46%) of the growth (IEA, 2019). Despite the increase in energy consumption, primary energy 

intensity (ratio of primary energy supply to Gross Domestic Product (GDP)) continued to improve in 

2018, with the global economy needing 1.2% less energy to produce each unit of GDP compared to 

2017 (IEA, 2019). 

With progressing industrialization, in the last few centuries, the relevance of energy sources has 

changed completely, moving from almost hundred percent of renewable energy in total consumption 

in 1700’s (wood, wind or water mills), to only few percent in 2019 (Figure 5.). In order to satisfy global 

energy demand, consumption of fossil fuels, in the period from 1970 to 2019, grew by more than 142% 

(http://www.materialflows.net/global-trends-of-material-use/). As it is evident from Figure 5., the 

dominance of fossil fuels in global primary energy production and consumption, that started in mid 

1800’s continues and nowadays fossil fuels still have the highest share in global primary energy 

consumption and production. In 2019, fossil fuels (oil, natural gas and coal) represented 84% of global 

primary energy consumption (Figure 5.) (BP, 2020). According to the current predictions (Figure 6.), 

considering today’s rate of energy production and consumption, population growth and technical and 

technological development, it is expected that fossil fuels reserves will last for at least one more 

century (Dekanić et. al., 2006; BP, 2020). The number of years of the remaining fossil fuel production 

based on known reserves and annual production levels at the end of 2019 is shown in Figure 7. These 

predictions can change with time, based on the discovery of new reserves, and changes in annual 

production. 

 

 

Figure 5. Global primary energy consumption and share of fuels in global primary energy 
consumption (BP, 2020) 

 

http://www.materialflows.net/global-trends-of-material-use/
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Figure 6 Forecast for worldwide industrial energy consumption from 2018 to 2050, by fuel 
(Statista, 2020) 

 

 

Figure 7. The number of years of fossil fuel production left based on known reserves and annual 
production levels (based on the data at the end of 2019) (BP, 2020) 
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manufacturing and manufacturing by increased efficiency of energy and materials use and reduced 

creation of waste and emissions during use stage. Even though the activity Reduce is primarily related 

to the pre-manufacturing and manufacturing stage of the product’s lifecycle, it is also embedded into 

all other stages of the lifecycle and it is essential step in the post use (Jawahir & Bradley, 2016).  

 

 

2. RESOURCE EFFICIENCY  
 

Economic growth, and consequently society, but also the environment, strongly depends upon natural 

resources. As it is shown in the Introduction, the consumption of primary raw resources (energy and 

materials) recorded constant growth over the last few centuries. The context of raw resources 

consumption has become more and more complex, which is additionally amplified by scarcity of 

primary raw resources. Along with the threat of resource depletion, the world faces a number of 

resource related problems, like old energy infrastructure in the industrialised countries, growing 

energy demand in developing countries, which, in oil and natural gas producing countries, poses 

additional threat to energy supply, than international action to address global climate change, threat 

of terrorism to resource production etc. Furthermore, the increasing consumption of raw resources 

also caused alarming environmental consequences. Today, 33% of the world soils are moderately to 

highly degraded and 20% of aquifers are overexploited. If the consumption of raw resources continues 

in line with the BAU scenario, it is expected that food requirements will increase by 60%, requiring 

global cropland to increase by 55% (equivalent of the size of Brazil), and water utilization by 40% by 

the next ten years (UNEP, 2018). All the stated, along with complex and demanding international 

environmental and energy policies and laws, forced companies, especially in manufacturing industry, 

to control their consumption from the perspective of resource preservation. Namely, the 

manufacturing industry accounts for 90% of industry’s energy consumption (Benedetti et. al., 2015). 

The potential to address these issues lies in the increase of production efficiency by increasing energy 

efficiency and efficiency of material utilization, which implies keeping resources in use for longer time, 

less waste production and reduction of environmental impacts associated with the whole life cycle of 

resources. According to the study made be United Nations Environment Programme, it is estimated 

that 60-80% of improvements in energy and water efficiency are economically and technically feasible 

in construction, agriculture, food, industry transport and other sectors compared to conventionally 

used technical and technological solutions. This would deliver economic cost savings of 2.9-3.7×1012 $ 

per year by 2030 (UNEP, 2018). The mentioned potentials in increase of resource efficiency are shown 

in Figure 8. 
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Figure 8 Categories of resource efficiency potential (UNEP, 2018) 

 

Resource efficiency implies achieving better economic outcomes and wellbeing while using fewer 

natural resources and reducing environmental releases (liquid, solid and gaseous waste, including 

greenhouse gas emissions). Energy efficiency basically implies using less energy to provide equal level 

of energy. It could be defined as energy cost paid per production of a single product unit (Benedetti 

et. al., 2015): 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡

𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑢𝑛𝑖𝑡
                                                             (2.1) 

 

Even though, over the last several decades, energy efficiency has become one of the crucial factors 

influencing company’s competitiveness, and one of the criteria that determines company’s 

sustainability, it still represents a major challenge for a significant number of companies. Namely, 

especially within manufacturing companies, the core business is not energy efficiency, thus many 

manufacturing companies reach out to specialized energy management companies, so-called Energy 

Service Companies (ESCos). Although these companies help manufacturing companies to improve their 

energy efficiency, because they have the know-how to adapt energy efficiency measures to company’s 

specificities, to design and customize energy management system, and some of them even fund energy 

efficiency investments, sometimes they lack deeper understanding of company’s production process, 

business surrounding and professional needs (Benedetti et. al., 2015).  

In order to increase energy efficiency the focus should be put on reducing either cost of energy or 

energy consumption (Figure 9).  
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Figure 9 Possible energy efficiency measures in manufacturing process (adapted from Benedetti 
et. al., 2015) 

 

The main prerequisite to conduct any energy efficiency measures is to, as much as possible, correctly 

estimate present state of energy consumption, future energy needs and reactions of the production 

system, in terms of energy consumption, to any planned and unplanned changes.  

Costs of energy depend upon (Benedetti et. al., 2015): 

1. Choice of supplier; 

2. Choice of tariff system; 

3. Compliance to contractual purchasing conditions; 

4. Share of onsite produced energy in total energy consumption. 

 

Cost of energy directly depends upon company’s capability to ensure energy supply at lowest possible 

price, which, especially in case of choosing supplier and tariff system, furthermore primarily depends 

upon the state of energy market regulation (regulated or deregulated and liberalized market) in the 

country the production facility is placed in. It also depends upon the size of the company. Namely, big 

companies, as big energy consumers, often have considerable bargaining power compared to small-

size companies and even medium size companies.  

One of the ways to reduce energy cost is to produce the needed energy, or some share of it, onsite. 

Onsite energy production reduces, or even eliminates, the amount of energy that should be purchased 

and in that way can contribute to the reduction of energy costs (provided that the cost of onsite energy 
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production does not exceeds costs of purchased energy). Furthermore, by onsite energy productio, 

the needed energy is produced on the location of itc consumption, thus avoiding transport losses. 

Presently there is a significant number of economically feasible technologies that can be used for 

onsite energy production. In last few decades, due to global environmental activities, depletion of fossil 

fuel reserves and global initiatives to base energy supply on, as diverse as possible, energy mix, 

significant number of the mentioned technologies include energy production from renewable 

resources. This is further stimulated by national incentives, public funding and the development of so 

called smart grids, which allow production facilities to input (for free or even sell) excesses of onsite 

produced energy into the existing power grids. The mentioned technologies include energy production 

by hydroelectric and wind turbines, micro-turbines, solar photovoltaics, geothermal energy, biomass, 

anaerobic digestion, fuel cells and combined heat and power generation (CHP). Selection of the most 

appropriate technology depends upon the location of the production site, the possibility to recover 

part of the energy lost during the production processes, the availability of process waste that could be 

used as a fuel, and the possibility to deliver the excess of the onsite produced energy to the existing 

power distribution networks (existence of feed-in tariffs) (Benedetti et. al., 2015). 

Although, as mentioned before, in last decade, the great emphasis, regarding energy production, has 

been put on renewable energy resources, in most industrial facilities, due to variability in availability 

of renewable energy, energy production from renewable energy sources (RES) doesn’t meet facility’s 

demand.  

The most implemented technologies for onsite energy production in industrial facilities (especially 

ones using heat and steam in manufacturing processes) are so-called combined heat and power (CHP) 

production (cogeneration units) and combined cooling, heat and power (CCHP) production 

(trigeneration unit or polygeneration unit). The technologies are based on using waste heat from fuel 

combustion engines for usable steam, electricity or cooling. By these technologies some 90 % of the 

heat available from the fuel combustion can be efficiently used, which  significantly redusces primary 

energy consumption, and thus the costs of energy and CO2 emissions. That makes cogeneration units 

highly efficient and environmentaly friendly. Beside that, exceed energy can be, depending on feed-in 

tarrifs, sold to the existing power distribution network. Two the most common CHP system 

configurations are shown in Figure 10 and Figure 11. 
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Figure 10 CHP system with combustion turbine, or reciprocating engine, with heat recovery unit 
(www.epa.gov., accessed 10.7.2020.) 

 

 

Figure 11 CHP system with steam boiler with steam turbine (www.epa.gov., accessed 10.7.2020.) 

 

Energy consumption depends upon (Benedetti et. al., 2015): 

1. Life phase of the production facility (design phase, production phase or maintenance phase); 

2. Energy management (energy transformation, distribution and use).  

 

Reducing energy consumption refers to both technical, thermodynamic, managerial and physical 

issues. As mentioned before, the amount of the needed and used energy in an industrial facility largely 

depends on the life phase of the facility.  
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The largest energy losses and waste generation occur during energy transformation and distribution. 

Thus special emphasis regarding improving energy efficiency should be put on energy transformation 

processes and distribution and utility lines.  

During the design phase, there are several way to achieve increased energy efficiency. These are 

(Benedetti et. al., 2015): 

a) Choosing the best available technology (BAT) 

Designing the facility in a way that it will operate on state of the art technologies and 

techniques, which are, regarding production process characteristics, most efficient, 

assures minimal energy losses and minimal waste generation. The adoption of some BAT 

is regulated by national and international policies. For instance, Joint Research Centre of 

European Commission periodically publishes the BAT lists for many industrial sectors 

(Table 1). There are many different methodologies to select BAT. One that is commonly 

used is Life Cycle Assessment (also known as Life Cycle Analysis, LCA), by which 

environmental impacts associated with all stages of the life- cycle of a product, process or 

service is analysed. More analytical approaches are Multiple- Criteria Decision Analysis 

(MCDA, also known as Multiple- Criteria Decision- Making, MCDM) and Analytic Network 

Process (ANP).  

b) Choosing the most suitable modulation technique 

By choosing the most suitable modulation technique for different equipment and systems 

will enable achieving high energy efficiency by matching variable demand and production, 

and maintaining it as long as possible. The prerequisite for choosing the most suitable 

modulation technique is assessment of demand variability.  

 

c) Dimensioning 

When designing industrial facilities, special attention should by payed to designing the 

processes and system in appropriate size, because oversizing may lead to technical 

difficulties, inefficient energy use and inefficient modulation. 
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Table 1 List of the BAT by Joint Research Centre of European Commission 
(https://eippcb.jrc.ec.europa.eu, accessed 10.7.2020.) 

REFERENCE DOCUMENT ON BEST AVAILABLE TECHNIQUES (BREF) CODE 

Ceramic Manufacturing Industry CER 

Common Waste Water and Waste Gas Treatment/Management Systems in 
the Chemical Sector 

CWW 

Common Waste Gas Management and Treatment Systems in the Chemical 
Sector 

WGC 

Emissions from Storage EFS 

Energy Efficiency ENE 

Ferrous Metals Processing Industry  FMP 

Food, Drink and Milk Industries FDM 

Industrial Cooling Systems ICS 

Intensive Rearing of Poultry or Pigs IRPP 

Iron and Steel Production IS 

Large Combustion Plants LCP 

Large Volume Inorganic Chemicals- Ammonia, Acids and Fertilisers Industries LVIC-AAF 

Large Volume Inorganic Chemicals- Solids and Others Industry LVIC-S 

Large Volume Organic Chemical Industry LVOC 

Management of Tailings and Waste-rock in Mining Activities MTWR 

Manufacture of Glass GLS 

Manufacture of Organic Fine Chemicals OFC 

Non-ferrous Metals Industries NFM 

Production of Cement, Lime and Magnesium Oxide CLM 

Production of Chlor-alkali CAK 

Production of Polymers POL 

Production of Pulp, Paper and Board PP 

Production of Speciality Inorganic Chemicals SIC 

Production of Wood-based Panels WBP 

Refining of Mineral Oil and Gas REF 

Slaughterhouses and Animals By-products Industries SA 

Smitheries and Foundries Industry SF 

Surface Treatment of Metals and Plastics STM 

Surface Treatment Using Organic Solvents including Wood and Wood 
Products Preservation with Chemicals 

STS 

Tanning of Hides and Skins TAN 

Textiles Industry TXT 

Waste Incineration  WI 

Waste Treatment WT 

REFERENCE DOCUMENT (REF)  

Economics and Cross-media Effects ECM 

Monitoring of Emissions to Air and Water from IED Installations ROM 

 

  

https://eippcb.jrc.ec.europa.eu/
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During the operations and maintaining phase, increased energy efficiency, by minimizing energy losses 

and waste generation, can be achieved by (Benedetti et. al., 2015): 

a) Directing human behaviour by rising awareness of energy efficiency importance 

One of the cheapest ways to increase energy efficiency in production facility is to make the 

employees aware of the importance of energy efficiency and to direct their behaviour to 

result in energy efficiency (e.g. switching devices off when not needed, correctly regulating 

set points etc.). In order to do that, companies usually publish internal energy policy, which 

results with energy consumption regulations on lower levels (sectors), conduct periodical 

trainings and competitions and award sectors with the best results.  

 

b) Choosing best practices 

As for the design phase, there are also several BAT for operating and maintaining activities 

of industrial facilities. Most of them are based on setting optimal set point, optimization 

of operating procedures and equipment maintenance planning and scheduling. 

c) Process monitoring and control 

Process monitoring and control as a cost-effective energy efficiency activity should be 

considered on two levels. The first level is production process/ system level, where by 

applying controlling devices for measuring and control process parameters, process set 

points could be set optimally to achieve energy efficiency. The second level is the macro 

level, where by constant monitoring of the applied energy efficiency measures, the 

measures improvement and results could be monitored and the measures resulting with 

the best results could be detected and further focused on.  

 

In the last several decades, there has been continued improvement in energy efficiency in industry 

mostly driven by high energy costs. Beside energy efficiency, in order to achieve sustainable raw 

resources management, material use efficiency (less waste production, new product design, product 

service efficiency (collaborative consumption)) and emissions efficiency (fuel and feedstock switching, 

CCS or CCUS) should be achieved.   
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3. WASTE REDUCTION 
 

Thirty years ago, waste reduction basically referred to reduction of waste disposal costs, and waste 

management referred to waste disposal (landfill or incineration) at the end of products lifecycle. With 

the growing trend of sustainable development concept, waste minimization became one of the basic 

pillars of the development, which implies not only the reduction of total volume or quantity of waste 

and/or its toxicity, but also the reduction of use of resources and energy by increase of efficiency at all 

stages of product lifecycle. Additionally, waste reduction activities became one of the main 

demonstration tools of company’s commitment to environmental protection and to reduction of its 

environmental footprint.  

Nowadays, most of industrial companies base their business on so called lean manufacturing (also 

know as lean production), which focuses on minimizing waste within manufacturing systems while, at 

the same time, maximizing productivity. This concept was introduced in 1990 by Toyota Company and 

has been applied by many manufacturing companies ever since (Tamas, 2016).   

Waste generation in any industrial process is a result of inefficient use of either raw materials or 

energy, but when there is inefficiency, there are also opportunities for improvement. In industrial 

process, waste reduction activities can take place either before the waste is generated or after its 

generation. In general, waste minimization techniques encompass (Figure 12) (Cheremisinoff & 

Ferrante, 1989): 

1. Source reduction and source control- all activities that reduce or eliminate generation of waste 

in the process; 

2. On-site or off-site waste recycling and reuse- recycling implies processing prior to reuse, while 

reuse implies using materials within another lifecycle or lifecycle stage without processing.  

3. Waste treatment- all methods, techniques and processes that are applied to change 

composition or characteristics (physical, chemical or biological) of waste in order to reduce its 

volume (quantity) and/ or its toxicity to make it safer and more suitable for transport, storage, 

disposal or recycling.  
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Figure 12. Waste minimization techniques (adapted from Cheremisinoff & Ferrante, 1989) 

 

Even though some wastes can be used as a resource for another or even the same process, it should 

be kept in mind that waste recycling demands certain amount of energy, and waste treatment implies 

loss of certain amount of valuable raw material. So, the main focus and priority of waste minimization 

and management, should be on waste reduction activities taking place prior to waste generation 

(source reduction).  

Depending on type of waste, common waste treatment processes imply use of (Cheremisinoff & 

Ferrante, 1989): 

1. Physical treatment-usually used for the treatment of organic and inorganic solids or 

slurries, wastewaters, oil and greasy wastes and solvents. Physical treatment of waste 

refers to: 

 sedimentation 

 filtration 

 flotation 

 ion exchange 

 carbon adsorption 

 reverse osmosis 

 air striping 

2. Chemical treatment- usually used for the treatment of all types of organic wastes, 

contaminated wastewaters, metals and cyanides. Chemical treatment of waste refers 

to: 
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 neutralization 

 precipitation 

 oxidation/reduction 

3. Thermal treatment- usually used for the treatment of all types of organic wastes with 

high BTU content. Thermal treatment of waste refers to: 

 incineration 

 pyrolysis 

4. Biological treatment- usually used for the treatment of all types of aqueous 

hazardous waste and sludges. Biological treatment of waste refers to: 

 anaerobic digestion 

 activated sludge 

 trickling filter 

 aerated lagoon. 

 

Avoiding generation of waste in first place reduces waste disposal costs, but also makes the process 

more efficient and more competitive, due to the cost savings achieved by reducing waste collection, 

transport and processing (treatment) activities. Cost of waste includes 

(http://saferenvironment.wordpress.com, 2009):  

1. Waste disposal cost 

2. Cost of wasted raw material 

3. Cost of inefficient energy use 

4. Cost of production of waste material 

5. Cost of management time spent on waste material 

6. Lost revenue due to waste production instead of product production 

7. Cost of potential liabilities due to waste generation.  

 

As stated before, source reduction encompasses all activities that reduce or eliminate generation of 

waste or reduce use of energy during process by making simple changes of day-to-day operations to 

complete redesign of technology or final product. As such, source reduction techniques are more than 

simply environmental protection activities, but are also process and product modernization, 

improvement and innovation. Beside stated, source reduction in context of waste minimization 

includes (http://saferenvironment.wordpress.com, 2009): 

 Prevention and/or waste reduction; 

 Efficient use of raw materials and packaging; 

 Efficient use of energy (fuel, electricity); 

http://saferenvironment.wordpress.com/
http://saferenvironment.wordpress.com/
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 Improving the quality of generated waste (lower toxicity); 

 Encouraging reuse, recycling and recovery. 

 

All the mentioned activities of waste minimization at source can be generally divided in three groups 

of techniques (Figure 12.) (http://saferenvironment.wordpress.com, 2009; Cheremisinoff & Ferrante, 

1989): 

1. MAINTENANCE 

The simplest and most inexpensive way to reduce and/ or eliminate waste generation is by 

alternating and improving plant management and/ or implementing good housekeeping 

practices. The stated also makes these practices the most commonly and widely used source 

reduction techniques in industry today. Good maintenance practices include:  

- Employee training- regular training of plant personnel will make workers more 

informed and better familiar with the used equipment and process, which will 

result in proper use of equipment, less products out of specifications, reduced 

generation of waste, and, as an additional benefit, better safety of the workers. 

- Management initiatives- initiatives for source reduction should primarily come 

from management level and should be supported by formal (policies, strategies) 

and informal (e.g. awards) practices. 

- Inventory control- by keeping track about the amount and characteristics of 

waste, it is possible to follow the progress of the applied waste minimization 

measures. Also, by keeping inventories about raw material purchase and storage 

and also product’s storage it is possible to avoid unnecessary purchase of raw 

material, which if not stored properly can become waste or expiration of materials 

and products. Furthermore, periodic reporting (either internal or external audit) 

about waste quantities, even though this is not waste reduction technique, will rise 

awareness about waste generation and reduction possibilities.  

- Waste stream segregation- avoiding mixing of hazardous and non-hazardous 

waste will reduce the amount of hazardous waste, which requires special 

treatment. Namely, any waste that comes in contact with hazardous waste, 

immediately falls into the category. 

- Control system to prevent spill and/or leakages 

- Preventive maintenance- scheduling regular maintenance and routine equipment 

inspection will prevent equipment failures and spill and/or leakages. 

- Process documentation- well written working instructions will contribute to 

proper use of equipment, proper conduction of the process and thus less products 

out of specifications, reduced generation of waste, and, as an additional benefit, 

better safety of the workers. 

 

2. TECHNOLOGY AND PROCESS CHANGE 

Changes in technology and process, unlike previously mentioned maintenance techniques, are 

much more comprehensive and financially demanding waste minimization technique. Process 

changes are easier to conduct in processes that are being redesigned or in processes that are 

being introduced to new plant, opposed to already existing processes. Technology and process 

changes include: 

- Technology changes- introduction of new, low waste technologies 
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- Process changes- process redesign or changes in process parameters like pressure 

or temperature can make the process more efficient, and thus less waste 

generating. 

- Equipment modification- introduction of more efficient equipment 

- Automated process control- introduction of automated control results in less 

leakages or spills.  

 

3. PRODUCT/ RAW MATERIAL SUBSTITUTION 

Product’s redesign or using more eco-friendly raw materials results in less waste. 

 

 

4. EMISSIONS REDUCTION 
 

Since world economies are based on energy consumption, understanding how to save energy, use it 

as efficient as possible, and consequently reduce greenhouse gas emissions is critical for not only global 

climate change policies, but also for further economy development.  

Total global greenhouse gas emissions in 2018 reached 55.6 GtCO2eq. This amount includes land-use 

change emissions, which are estimated at 3.8 GtCO2eq (the estimates of land-use change (LUC) 

emissions due to the nature of emission generation come with significant uncertainty). Global 

greenhouse gas emissions excluding those from LUC amounted 51.8 GtCO2eq (Oliver & Peters, 2020). 

Global greenhouse gas emissions are shown in Figure 13. In Figure 14 global greenhouse gas emissions 

per type of gas and source are shown, and in Figure 15 share of greenhouse gasses in global emissions 

are shown.  

 

 

Figure 13 Global greenhouse gas emissions per type of gas (Oliver & Peters, 2020) 
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Figure 14 Global greenhouse gas emissions per type of gas and source (Oliver & Peters, 2020) 

 

 

Figure 15 Global greenhouse gas emissions by gas (IPCC, 2014) 
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As it could be seen from Figure 13, Figure 14 and Figure 15 the highest share in total global greenhouse 

gas emissions has carbon dioxide (CO2) accounting for 76 % of global greenhouse gas emissions. At this 

moment, CO2 concentrations in atmosphere are 411.25 ppm (on 2.10.2020., www.co2.earth) and 

global CO2 emissions amount around 37.5 Gt (Oliver & Peters, 2020). Most of CO2 emissions (89%) are 

form use of fossil fuels, mainly electricity and heat generation, while remaining 11% come from several 

sources and is related to non-energy use of fossil fuels (fossil fuels used as chemical feedstock) and 

various chemical processes (use of limestone and dolomite in cement clinker production) (Oliver & 

Peters, 2020, Ge & Friedrich, 2020).  

Methane (CH4) is the second (by share) largest greenhouse gas accounting for more than 2/3 of all non-

CO2 greenhouse gasses. In 2018, global methane emissions amounted 389 Mt (9.7 GtCO2eq) (Oliver & 

Peters, 2020). The largest sources of methane emissions are agriculture (cattle and rice production), 

fossil fuels production and waste (landfill and waste water).  

The share of nitrous dioxide (N2O) in global greenhouse emissions is around 6%, mostly coming from 

agriculture (cattle, synthetic and natural fertilisers). Non-agriculture N2O emission sources include 

fossil fuel combustion (17% of total N2O emissions), production of chemicals (7%) and waste water 

(4%). In 2018, emissions of N2O were 9.5 Mt (2.8 GtCO2eq) (Oliver & Peters, 2020). 

Fluorinated greenhouse gases (chlorofluorocarbons (CFC’s), hydrofluorocarbons (HFCs), 

perfluorocarbons (PFCs), sulphur hexafluoride (SF6)) have the smalles share in total emissions and in 

non-CO2 emissions as well. Emissions of fluorinated greenhouse gasses, mostly coming from use of 

HFCs, in 2018 were estimated to 1.7 GtCO2eq) (Oliver & Peters, 2020). 

A small number of countries contributes to the majority of greenhouse gas emissions. Namely, five 

biggest emitters account for more than 60% of total global greenhouse emissions. The biggest emitters 

are China (26%), the United States (13), the European Union (8%), India (7%), the Russian Federation 

(5%) and Japan (3%). Global greenhouse gas emissions per county and region are shown in Figure 16, 

and Figure 17 shows distribution of greenhouse emissions among sectors in Europe.  

 

http://www.co2.earth/
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Figure 16 Global greenhouse gas emissions per county and region (Oliver & Peters, 2020) 

 

 

Figure 17 Emissions in Europe by sector (European Environmental Agency, 2020.) 

 

The most emission intensive economy sector is energy sector, which is responsible for almost two 

thirds of global emissions. Emissions from industry sector come from fossil fuel combustion for heat 

and power production, non-energy use of fossil fuels and chemical processes (steal, iron and cement 

industry) and as indirect emissions from use of electricity. Thus, emissions from industry sector can be 

divided in two categories: 

1. Direct emissions- emissions generated at industrial facilities from industrial processes 

(production emissions (fossil fuel combustion and chemical reactions in manufacturing 

processes) and leaks) 

2. Indirect emissions- emissions generated off-site, but associated with industrial facilities by 

electricity consumption (emissions generated at power plants during electricity production) 



 

26 

 

 

Most of the emissions from industry sector come from energy use (24.2%), while 5.2% of the emissions 

come from non-energy use of fossil fuels and chemical processes (https://ourworldindata.org, 

accessed 10.7.2020.). Figure 18 illustrates distribution of global greenhouse gas emissions by sector. 

 

 

Figure 18 Global greenhouse gas emissions by sector (https://ourworldindata.org, accessed 
10.7.2020.) 

 

There are many ways to reduce greenhouse gas emissions from industrial sector like: 

1. Energy efficiency activities (already covered in the chapter 2) 

2. More efficient use of materials and recycling (already covered in the chapter 3) 

3. Combined heat and power production (CHP) and combined heat, cooling and power 

production (CCHP) 

4. Energy production from renewable energy sources 

5. Fuel switching – reducing fossil fuel dependence by using renewable energy sources or 

switching from emission intensive fossil fuel like coal to less emission intensive fossil fuel like 

natural gas.  

https://ourworldindata.org/
https://ourworldindata.org/
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6. Carbon Capture & Sequestration technology (CCS) and Carbon Capture, Utilization & 

Sequestration technology (CCUS)- many industrial processes have no low-emission 

alternatives, so in that case the emission problem can be dealt with in a way that carbon 

dioxide is captured (usually in case of large point emission sources), transported to storage site 

and injected into deep geological formations where is permanently stored. 

 

 

5. CONCLUSION 
 

For the last several decades, there are strong initiatives to base economic growth in line with the 

sustainable development concept. One of the approaches, in achieving sustainability, is increasing raw 

resources efficiency, i.e. reducing the material, energy, water, carbon emissions and waste used to 

produce a unit of economic product. Increase of resources efficiency also reduces the economic 

vulnerability to price volatility at the global raw material markets and lowers the environmental 

impacts that occur within resource life cycle.  

In spite of the fact that there has been some improvement in resource efficiency, the pressure on 

natural resources will increase due to a growing population, growing economy in developing countries 

and unsustainable patterns of resource production and consumption. If the current resource 

consumption trends continue, food requirements will increase by 60% and water use by 40% by 2030 

and global cropland would need to increase by up to 55% by 2050.  

Beside reduction in resources consumption there also has to come to significant changes in the way in 

which materials and energy are used in production and consumption systems, since this will 

determinate the waste flow and emissions that are an unavoidable consequence of the resource life 

cycle. There are still significant technological and technical challenges present in meeting circular 

economy concept. Even though the driving force for circular economy concept is the technological and 

technical capability for sustainable value creation, today some of the political agendas are being 

pushed to the highest level with no technical and technological considerations.  

Significant improvements on resource efficiency, technological and technical development will be 

necessary to meet the Sustainable Development Goals, the Paris Agreement on climate change and 

other sustainability policies and initiatives. In achieving sustainability, increasing resource efficiency is 

necessary, but not sufficient. Focus should be also put on technological and technical development, 

which will enable increase of resource efficiency, then increasing the lifetime of infrastructures, 

improving building performance, investing in renewable energy and sustainable food production etc.  
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