
 

  

 

  

 

 

 

 

 

APPLICATION NOTE 
OPTIONS TO DECARBONIZE INDUSTRIAL ENERGY USE  

Ignacio Martin, CIRCE 

January 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ECI Publication No Cu0203 

Available from www.leonardo-energy.org



   

 

Publication No CU0203 

Issue Date:     January 2015  

Page i 

 

  

Document Issue Control Sheet 

Document Title: Application Note – Options to Decarbonize Industrial Energy Use 

Publication No: Cu0203 

Issue: 01 

Release: January 2015 

Author(s): Ignacio Martin, CIRCE 

Reviewer(s): Hans De Keulenaer, Bruno De Wachter 

 

Document History 

Issue Date Purpose 

1 January 

2015 

First publication, in the framework of the Good Practice Guide 

2   

3   

 

Disclaimer 

While this publication has been prepared with care, European Copper Institute and other contributors provide 

no warranty with regards to the content and shall not be liable for any direct, incidental or consequential 

damages that may result from the use of the information or the data contained. 

 

Copyright© European Copper Institute. 

Reproduction is authorized providing the material is unabridged and the source is acknowledged. 

  



   

 

Publication No CU0203 

Issue Date:     January 2015  

Page ii 

 

CONTENTS 

Summary ........................................................................................................................................................ 1 

Introduction .................................................................................................................................................... 3 

Ancillary services of carbon reduction ............................................................................................................ 5 

Low carbon energy intensive industry: energy efficiency enhancing methods ................................................ 6 

Tools  .................................................................................................................................................................. 6 

Systems Improvement.............................................................................................................................. 6 

Simulation, Monitoring and Control of Processes .................................................................................... 7 

Organization ........................................................................................................................................................... 8 

Energy Efficiency from Management ....................................................................................................... 8 

Energy Audits ........................................................................................................................................... 9 

Energy Service Companies (ESCO’s) ....................................................................................................... 11 

Technology ........................................................................................................................................................... 11 

Thermal Systems .................................................................................................................................... 11 

Electric Drives ......................................................................................................................................... 15 

Renewable energy in industrial applications................................................................................................. 17 

Biomass  ................................................................................................................................................................ 18 

Solar Thermal Systems ......................................................................................................................................... 19 

Heat Pumps .......................................................................................................................................................... 20 

Initiatives, standards and regulation in the EU ............................................................................................. 22 

Energy Efficiency Directive ................................................................................................................................... 22 

Cross-sectorial Transfer of Good Practices ........................................................................................................... 23 

ISO 50001 on EnMS .............................................................................................................................................. 24 

ISO 50002 on Energy Audits ................................................................................................................................. 25 

Conclusions ................................................................................................................................................... 26 

References .................................................................................................................................................... 27 

Annex: Low carbon technology options by industry sector ........................................................................... 29 

 

 

 



 

Publication No Cu0203 

Issue Date:     January 2015  

Page 1 

 

SUMMARY 
Industry contributes directly and indirectly to about 37% of the global greenhouse gas (GHG) emissions, with a 

major share from the energy intensive industries. This situation demands strong actions to improve energy 

efficiency and reduce the GHG emission intensity of industrial plants. Taking action in this direction will also 

enhance the competitiveness and productivity of the industry and will provide them with a range of ancillary 

benefits.  

Some of the options for the decarbonisation of the energy-intensive industry are common to all sectors, 

whereas some others tackle systems and processes that are from particular to the sector. Among the former, 

system optimization holds the greatest potential. Experience shows that while efficient components can raise 

the average efficiency with 2-5%, system optimization measures can yield 20-30% efficiency gains. The systems 

with the highest energy savings potential are motor systems (accounting of 16% of total industrial energy 

consumption) and steam systems (35%).  

Modelling and simulation play an important role in decision-making, engineering and operation. It helps to 

understand and improve processes and meet energy efficiency demands. In the same line, industrial control 

and monitoring systems provide continuous information of key process parameters and allows organisations 

to pinpoint root causes of a problem, enforce effective countermeasures and remedial actions, and improve 

the global energy efficiency of their processes. 

Thermal equipment is the largest energy consumer in industrial plants, often reaching over 50% shares of total 

energy demand. Boilers, furnaces and dryers are the most representative thermal systems in industry, 

representing in many cases significant energy saving opportunities with short amortization periods.  

The integration of renewable energies in the industry has not attracted much attention yet, but it has a huge 

potential for decarbonising and it is expected that up to 21% of all final energy use in manufacturing industry 

will come from on-site renewable energy by 2050. Biomass is envisaged to make the most significant 

contribution, followed by solar thermal installations and heat pumps. The last two technologies have a great 

potential for sectors using significant proportion of their process heat at temperatures lower than 400ºC. The 

use of one technology or the other will heavily depend on regional and local conditions.  

Apart from all these measures, sector-specific technologies should also be assessed. These technologies can be 

divided into the following three broad categories: (1) Carbon Capture and Storage/Utilisation (CCS/U), (2) 

process change and (3) switching to biomass.  

Very often, technological breakthroughs achieved in one industrial sector can be applied in other industries. 

Several associations exist to stimulate such cross-sectorial exchange. Fostering collaborative R&D activities, 

developing financial incentives for the replications of energy efficiency solutions or organising workshops for 

the exchange of good practices are common activities conducted by such associations.  

Energy Management Systems (EnMS) are one of the most effective approaches to improve energy efficiency in 

industries, since it provides companies with practices and procedures to continuously make improvements and 

capture new opportunities. An EnMS may be certified to a recognised international standard (ISO 50001). 

Energy Audits are also a powerful tool to achieve energy cost optimisation, pollution control, improved safety, 

and optimisation of operating and maintenance practices. Their purpose is to reduce the energy input into the 

system without negatively affecting the output. Finally, the industry has also the option of hiring the services 

of an Energy Service Company (ESCO), an entity that provides services to end-users related to the 

development, installation and financing of energy efficiency improvements. 
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The public authorities commitment to decarbonising the industry was made clear with the European 

Commission Energy Efficiency Directive, entered into force on December 2012, and transposed to Member 

State’s regulation on June 2014. The directive established the maximum energy consumption for the Union in 

2020 (1,483 Mtoe) and introduced the obligation for the Member States to define national targets, including 

some directly affecting the industry. Furthermore, the European Authorities have also set up mechanisms to 

support the industries’ switch to a low carbon model, like the loans of the European Investment Bank (EIB) for 

the replacement and refurbishment of industrial facilities.  
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INTRODUCTION 
Industry contributes directly and indirectly (through consumed electricity) to about 37% of the global 

greenhouse gas (GHG) emissions, of which over 80% is from energy use. Globally, energy-intensive industries, 

such as iron and steel, chemicals (including fertilizers), petroleum refining, minerals (cement, lime, glass and 

ceramics) and pulp and paper, emit the largest share of these industrial GHG emissions.
1
 Moreover, the 

production of energy-intensive industrial goods has grown dramatically and is expected to continue growing 

as population and per capita income increase. 

IEA Annual Energy Outlook 2005 stresses the fact that “the energy intensity of most industrial processes is at 

least 50% higher than the theoretical minimum”. A wide range of technologies have the potential of reducing 

industrial GHG emissions, of which energy efficiency is the most important, especially in the short to mid-term. 

Other opportunities include fuel switching, material efficiency, renewables and reduction of non-CO2 GHG 

emissions. 

The industrial sector was traditionally the largest consumer of energy in Europe. During the last decades, 

improvements in industrial processes through new technologies, coupled with the large increase in the 

mobility of people and goods, has made transportation the main energy consumer. Nevertheless, in 2008, 

industry still accounted for 27.2% if the final energy consumption in the EU-28, and energy imports increased 

from 47.4 % of gross energy use in 2001 to 53.8 % in 2011. Consequently, increasing the energy independence 

is another reason for Europe to achieve further efficiency improvements in energy consuming sectors. 

Final energy consumption by the industrial sector in the EU-28 amounted to 288 Mtoe in 2011, a 13 % 

decrease compared to 2001. In iron and steel, the decrease rate for 2001-2011 reached -19 %, followed by 

non-metallic minerals (-15 %), non-ferrous metals (-14 %) and food and tobacco (-11 %). Chemical and 

petrochemical and pulp, print and paper presented smaller decreases (-4 % each). A breakdown by sector 

shows that in 2011, the chemical and petrochemical industry accounted for a 19 % share of total energy 

consumption by the EU-28 industry. Iron and steel followed with 18 %, non-metallic minerals (13 %), paper, 

pulp and print (11 %) and food and tobacco (10 %). Compared to 2001, no major changes can be observed in 

the shares of each industrial sector over the total. 

 

Figure 1 – Final energy consumption by industrial sector EU-28 (Mtoe). Source: Eurostat 

                                                                 

1 IEA 2007, CO2 emissions from fuel combustion; IEA 2008, World energy balances: 1971–2006 
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The Energy Intensity indicator that relates the energy consumption of a country with the generated wealth 

(GDP) is internationally accepted as a way to measure the national energy efficiency. Therefore, the 

improvement on this indicator must be a prior objective for any economy. In 2011, energy intensity in the EU-

28 reached 144 kgoe/1000 EUR, a 16 % decrease compared to 2001. Despite the improvement, rapidly rising 

industrial energy consumption in developing countries continues to push global energy consumption higher. 

For the aforementioned reasons, the energy intensive industry plays a vital role in achieving the established 

targets, through investments in reducing energy and carbon intensity.  
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ANCILLARY SERVICES OF CARBON REDUCTION 
Investing in energy efficiency can provide many different benefits to many different stakeholders. Energy 

efficiency improvements result in many outcomes of heterogeneous nature beyond the traditional energy 

demand and GHG emission reductions, and can be considered as a mainstream tool for economic and social 

development.  

An IEA work on this topic began in 2011
2
, and has identified at least 15 distinct benefits, from health and well-

being to improved industrial productivity. The IEA shows how energy efficiency has the potential to support 

economic growth, enhance social development, advance environmental sustainability, ensure energy-system 

security and help build wealth.  The IEA has adopted a typology to categorize the large number and variety of 

multiple benefits by economic level, i.e. the individual, sectorial, national and international levels. Sector-

specific benefits are those that may not affect the individual or broader economy in a significant way, but have 

important impacts and implications for particular sectors or industries. They include improvements in 

industrial productivity and competitiveness, energy infrastructure benefits, increased infrastructure asset 

values, and reduced environmental damage (other than GHG emission). These ancillary benefits of reducing 

the energy consumption and carbon intensity of industrial processes will make it increasingly difficult for 

industrial companies with mediocre energy performance to survive. 

 

Figure 3 – ‘Levels’ typology of the multiple benefits from energy efficiency improvement (with illustrative 

benefits). 

  

                                                                 

2 Capturing the Multiple Benefits of Energy Efficiency, ISBN 978-92-64-22072-0 

•GHG emissions 
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•Natural resource management 
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International 
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LOW CARBON ENERGY INTENSIVE INDUSTRY: ENERGY EFFICIENCY ENHANCING 

METHODS 
Industrial energy intensity can be reduced through technological progress and through system changes that 

improve technical energy efficiency. The latter include improving process monitoring and control, optimizing 

entire energy systems, and employing energy management practices. These improvements, especially those 

related to new technologies and processes, vary in complexity– from simple add-ons to complex system 

change. 

Reduction of direct CO2 emissions in industry can be achieved by improving efficiency, but also through other 

means such as enabling fuel switching and capture and storage. The following figure shows the role that those 

technologies are expected to play in 2050 in a scenario whereby global emissions are reduced by 50% and 

those related to industry by 20%. The largest contribution to emissions reduction comes from energy 

efficiency
3
. 

 

Figure 4 – Long-term CO2 emissions reduction potentials in industry considering a 50% and 20% reduction 

globally and in industry respectively by 2050. Source: IEA, 2009 

 

The following sections provide a brief description of the existing and potential technologies for decarbonizing 

industrial energy use and energy savings potential using existing best available techniques (BAT) for major 

energy consumption industrial equipment and processes. 

Within this point, a number of general options to decarbonize energy use throughout all intensive industries 

are presented. 

TOOLS 

SYSTEMS IMPROVEMENT 
There is growing evidence that system

4
 optimization holds the greatest potential for energy-efficiency gains 

and environmental benefits
5
 in industry. Experience shows that while efficient energy components can raise 

average efficiency of 2-5%, system optimization measures can yield 20-30% gains. Even further gains can be 

achieved if systems are optimized in tandem with production processes, for example, by reducing raw 

materials or other inputs. The energy-consuming systems with the highest energy savings potential are 

motors, compressors and steam systems. These are discussed in more detail later in this Application Note. 

                                                                 

3 IEA, 2009 
4 A system is a set of connected unit operations or pieces of equipment that perform a service together. A system’s performance depends 
on the performance of each component and especially on overall system design and operation. 
5 UNIDO 2010a 

Fuel 
switching 
(20-25%) 

CCS  
(25-30%) 

Efficiency 
(50-60%) 
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SIMULATION, MONITORING AND CONTROL OF PROCESSES 
One of the strategic innovation objectives for energy intensive process industry consists on the development 

of innovative systems and tools able to locally and globally control and monitor key processes and parameters. 

Advanced computational models for process design and control, are key factors in establishing a competitive 

edge for the process industry in Europe. In order to drive continuous progress and innovation in process 

technology to enable improved resource and energy efficiency, it is a prerequisite to acquire improved process 

understanding. The safe operation of a process within an optimal operation window (i.e. delivering the 

specified product quality with the maximum yield, and using the scarce resources efficiently with a minimum 

of energy input) is a key challenge for the process industry. Measuring relevant process parameters, advanced 

control and multi-variance optimization of the conflicting goals are essential to remain competitive. The 

existing measurement devices deliver temperatures, pressures etc. but are not tailored to measure online the 

product quality or data directly characterizing the process. Developing such monitoring power will contribute 

significantly to the 2030 target of resource and energy efficiency. 

Modelling and Simulation is a present-day way to understand and improve processes and meet increasing 

efficiency demands. It has become an important enabling technology in decision-making, engineering and 

operation, covering the whole life span of a production line. A simulation model is a descriptive representation 

of a system. Simulation involves the use of such a model to imitate real operation in a virtual environment in 

order to experiment with or optimize the performance of the system. Naturally, the obtained predictions are 

only as good as the models and plant data available. Using simulation-based methods to improve 

manufacturing has proved to be successful, with typical payback times of less than two years. The potential 

benefits include improved productivity and efficiency by energy optimisation; reduction of pilot plant cost, size 

and complexity; increased process knowledge and confidence in big decisions; equipment life extension; and 

improved environmental management. 

Current software platforms offering (partial) solutions in the field of modelling for energy management of 

industrial processes include: ABB’s cpmPlus, SIEMENS SIMATIC Energy Manager, and ASPEN Technology 

product portfolio. Other companies provide manufacturing simulation software solutions to analyse, optimize 

and visualize manufacturing systems, but they do not include energy consumption and energy management 

modules (e.g. DELMIA from Dassault Systems, INCONTROL Simulation, Dymola from ACT solutions).  

Industrial Control and Monitoring Systems sit at the core of every industrial process, from power generation 

to manufacturing. This term refers to the set of devices that govern the process and controls key parameters 

to guarantee a successful execution. With an effective monitoring infrastructure in place, organizations are not 

only able to detect problems at an earlier stage, but can also mitigate consequences before any real damage is 

done and recover more quickly from an incident. Continuous monitoring and early analysis of issues help 

organizations pinpoint root causes of a problem and enforce effective countermeasures and remedial actions, 

improving the global energy efficiency of their processes. Currently, several advanced control systems such as 

artificial intelligence or real-time sensor are available for industrial process control. 

Improving production performance requires the definition of global production objectives with a proper 

implementation strategy and suitable closed-loop control for their achievement. Closed-loop control 

structures for simple systems like temperature or velocity control are well defined, but a synthesis of plant-

wide control structures is still recognised as the most crucial production management design problem in 

process industries. One vital issue to be resolved is how to translate implicit operating objectives, such as the 

minimisation of production costs, into a set of measurable variables that can be the used in feedback-control 

Key Performance Indicators (KPIs). 
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ORGANIZATION 

ENERGY EFFICIENCY FROM MANAGEMENT 
The objective of Energy Management is to achieve and maintain optimum energy procurement and utilization 

throughout the organization and to minimize energy cost / waste without affecting production and quality and 

to minimize environmental effects. Systematic energy management is one of the most effective approaches to 

improve energy efficiency in industries, because it equips companies with practices and procedures to 

continuously make improvements and capture new opportunities. 

Some organisations employ an Energy Manager whose primary responsibility is to ensure that energy is used 

efficiently and sourced in the most cost-effective manner. An Energy Management System (EnMS) refers to a 

documented procedural system. Organisations can have their EnMS certified to a recognised standard. The 

international ISO 50001 standard supports organisations in all sectors to use energy more efficiently through 

the development of an EnMS, and is based on the management system model of continual improvement. 

However, developing and maintaining an EnMS is not trivial. The following figure shows the roadmap that 

illustrates the main elements of energy management and the different development stages.  

 

 

 

Figure 5 – A roadmap of the different elements of energy management. 

 
As with any management process, regular energy management reviews are vital to ensure that progress is 
being made and that policy, strategy and action plan documents are up-to-date and relevant.  

There are a number of guidelines aimed at helping companies to establish an effective EnMS. These guidelines 

emphasize the following critical steps: 

- Top management commitment: A successful program in energy management begins with a strong 

organizational commitment to continuous improvement of energy efficiency. Top management is 

required to create a cross-functional energy team, appoint and authorize projects for the EnMS 

leader, who directs activities down to the team and effectively to the whole organization. Top 

management will also be required to develop an energy policy, allocate necessary resources, ensure 

fair evaluation, assume performance ownership, and carry out the management review. 

- Energy policy: A key element of an EnMS is an organizational energy policy that is tuned to the 

nature, scale and the impact on the organization’s energy use; that emphasizes commitment to 

continual improvement in energy performance; ensures availability of information and resources 



 

Publication No Cu0203 

Issue Date:     January 2015  

Page 9 

 

authorized by top management; and sets a framework for developing and reviewing energy 

objectives and targets. It is essential that this policy is documented, communicated and understood 

within the organization, and is reviewed as necessary. Once the policy is developed, necessary 

practices and procedures planning, implementation, and review and improvement of actions will also 

need to be defined. 

- Planning and evaluation: Once the policy is developed, steps and procedures are then put in place to 

assess performance through regular reviews of energy data, technical assessments, and 

benchmarking. From this assessment, an organization is able to develop a baseline of energy use and 

set goals for improvement. Performance goals help to shape the development and implementation of 

an action plan. 

- Monitoring and control: Developing a thorough and detailed understanding of the energy use 

dynamics forms the backbone of an effective management system. Through data measurement, areas 

of significant energy use can be identified and opportunities for improving energy performance can 

be recorded and prioritized. Monitoring is also essential for defining the baseline and tracking 

performance improvements. As part of monitoring and control activities, best practice databases, 

facility benchmarking and performance tracking tools should be developed and used. 

- Benchmarking and implementation: Combining EnMS with energy benchmarking, improvement 

options can be identified that will result in even greater energy savings and GHG emissions reduction. 

- Communication and employee engagement: Successful energy management requires the 

commitment and contribution of all employees. It is therefore highly important that mechanisms are 

in place to raise the awareness of employees, to engage them in the continual improvement efforts, 

and communicate results regularly. 

- Evaluation and corrective measures: This can be done by performing management system audits, 

highlighting areas for improvement, and feeding the findings into the next planning activities. 

ENERGY AUDITS 
An energy audit is an inspection and analysis of energy flows. The purpose is to reduce the amount of energy 

input into the system without negatively affecting the output(s). It is the key to systematic decision-making in 

the area of energy management. Energy audits help in energy cost optimization, pollution control, safety 

aspects and optimization of operating and maintenance practices. The primary objective of the energy audit is 

to determine ways to reduce energy consumption per unit of product output or to lower operating costs. 

Energy audits can be classified into the following two types. 

 The Preliminary Energy Audit Methodology uses existing or easily obtained data. It is a relatively 

quick exercise to determine energy consumption in the organization, estimate the scope for saving, 

identify the most likely and easiest areas for attention, identify low-cost immediate 

improvements/savings, set a reference point and identify areas for more detailed study or 

measurements. 

 A Detailed Energy Audit provides a comprehensive energy project implementation plan for a facility, 

evaluating all major energy-using systems. It offers a more accurate estimate of energy savings and 

cost. It considers the interactive effects of all projects, accounts for energy use of all major 

equipment, and includes detailed investment and energy cost calculations.  
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Figure 6 – Usual scheme of an energy audit implementation phases 

The international ISO 50002:2014 and the European EN 16247 standards specify the process requirements for 

carrying out an energy audit. They will be applicable to all types of organizations, and to all forms of energy 

and energy use and they will specify the principles, common processes and deliverables of energy audits. The 

usual scheme of an energy audit can be found in Figure 3: 

The first phase analyses the current state of the facilities. The first step consists in the measurement and 

collection of all data needed to describe the current situation (“Where, how and how much energy is 

consumed”). After analysing the information gathered, the auditor will have a preliminary idea of the plant 

and its facilities characteristics, being able to establish an appropriate fieldwork plan. Once the data is 

gathered an analysis of the energy supply using the gathered data and energy bills, and an analysis of the plant 

consumptions through the analysis of the consuming equipment present in the production process will be 

done. This will allow identifying inefficiencies that will lead to propose and assess a list of achievable measures 

to obtain a more efficient use of energy resources.  

The second phase consist in the implementation of an energy accounting whose objective is to allocate energy 

consumption in equipment, systems, operations, or any other division of the plant that is considered effective 

to achieve the final objectives of the energy audit. Subsequent measures will be aimed primarily at points that 

are revealed as the most responsible for energy consumption and expenditure (a small saving on a large 

consumer is usually more important that a big saving on a small consumer). 

The third phase corresponds to the analysis of proposals for improvement. The proposed improvements must 

meet one or more of the following objectives: reduction of energy consumption; reduction of the cost 

associated to energy consumption; diversification of the consumed energy form towards cheaper, cleaner 

forms, with less environmental impact or with more reliable supply; energy efficiency increase or specific 

consumption reduction and; use or implementation of economically viable best available techniques. The 

annual predicted savings, the environmental variables and the economic factors of the options must be 

analysed.  

To complete the audit, responsibilities should be appointed in order to achieve the proposed objectives, as 

well as provide the available means, establish a schedule, and conduct a preliminary economic study that will 

examine the cost and cost-effectiveness of the measures. 

See also the ECI Application Notes 
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 ‘Energy Efficiency Self-Assessment Guide: industry’ 

 ‘Energy Efficiency Self-Assessment Guide: buildings’ 

ENERGY SERVICE COMPANIES (ESCO’S) 
ESCOs are entities that provide services to end-users related to the development, installation, and financing of 

energy efficiency improvements. They help to overcome informational, technical and financial barriers by 

providing skilled personnel and identifying financing options for the facility owner.  

There are two primary financing models for ESCOs. In the shared saving model, the ESCO undertakes all 

aspects of the project, including its financing, and shares in the value of the energy savings over a designated 

time period. In the guaranteed savings model, the ESCO undertakes all aspects of the project except the 

financing (although it may assist in arranging finance) and provides a guarantee to the client of a certain level 

of energy savings over a designated time period.  

 

Figure 7 – Shared Savings and Guaranteed Savings Energy Performance Contract Models. Source: Taylor et al., 

2008. 

It should however be noted that the success of ESCOs has often been constrained to particular types of end 

user and varies by country, making general replication not straightforward. Many focus on buildings, HVAC and 

refrigeration services, or specialize in energy intensive industry
6
. Hiring an external consultant to conduct 

energy efficiency assessment is generally a good idea, because consultants bring in expertise and experience 

from other industries and companies. However, the advantage of having a profound inside knowledge of the 

plant is also invaluable. The plant engineers and operators can be much more knowledgeable about their own 

plant, being a good reason why industrial companies should consider conducting an energy efficiency self-

assessment, which is fully compatible and complementary with an assessment by an external consultant, and 

it is a perfect prelude to an external assessment. 

TECHNOLOGY 

This section describes the options to improve the energy efficiency in some systems common to several energy 

intensive sectors, but not to all of them: thermal systems and electric drives. 

THERMAL SYSTEMS  
The most representative thermal equipment present in industry are boilers, furnaces and dryers. Boilers use 

combustion to produce hot water or steam for various purposes. Furnaces directly heat the target material 

                                                                 

6 Motiva, 2005 
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and are usually found in the chemical, glass, metal, ceramics and other advanced materials industries. They are 

used for thermal processing, cooking, curing, pollution control and other applications. Finally, dryers have the 

function of reducing the moisture content of the substances, and are widely used in the food, paper and 

energy sectors. 

In the above-mentioned industries, these thermal systems are typically the largest energy consumers in the 

plants, often reaching over 50% shares of total energy demand. They present in many cases, significant energy 

saving opportunities with short amortization periods. This section aims to mention basic recommendations to 

improve this equipment efficiency. 

BOILERS 

The efficiency of the energy transmission from fuel to water depends, on one hand, on the combustion quality 

and, on the other hand, on the capacity and efficiency of the boiler as a heat exchanger. One of the most 

important parameters to evaluate the operation of a boiler is the boiler efficiency, which is defined as the 

ratio of produced useful heat versus the energy input of the fuel. Permanent flue gas analysis is required for 

optimizing the combustion process. Flue gas temperature, wall surface temperature, and O2, CO2 and CO 

concentrations should be monitored to maintain the balance between supplying too much air, which carries 

heat away up the flue, and insufficient air, resulting in incomplete combustion. If the values derive from the 

standards, the boiler is not working properly.  This may be due to small misalignments that can be solved with 

proper maintenance. The following table presents schematically the steps to follow in order to readjust the 

analysis values: 

Analysis values Cause Solution 

High CO and low O2 
Insufficient amount or air introduced into the 

boiler 
Increase the burner air floodgate 

Low CO2 and/or high O2 Air excess Decrease the burner air floodgate 

High CO and high O2 Inadequate air-fuel mixture 
Remove the injector, to conduct a cleaning or 

replace it if necessary and carry out a new 
analysis 

High surface temperatures Old boilers or with imperfections on its insulation Insulation replacement 

High flue gases temperature Inadequate heat exchange 
Cleaning inside the boiler, installation of a heat 

economizer, lower the draw 

Table 1 – Guidelines to optimize boiler operation from the analysis values. 

In addition to the regulation and control of the parameters of combustion and the heat recovery from 

combustion fumes, the following measures can help to increase the energy efficiency of the boiler: 

- Make sure you are only generating what you need. Measure the demand and compare it with what 

the boiler is generating. This will ensure you’re not wasting steam heating up your factory instead of 

your process, for example. 

- Make sure that boiler duty is at optimum efficiency. For example, don’t use two boilers at 30 % 

output if you can run one at 60 to 70 % output. 

- Check your instrumentation is up to scratch. Modern instruments are typically more robust and more 

accurate. They are also easier to maintain, and are less prone to problems such as drift. 

- If you measure steam or gas, measure the mass flow, not the volume flow. It takes ten times the 

energy to create 1 m
3
 of steam at 10 bar than at 1 bar, yet the volume is the same. 

FURNACES 

Thermal furnaces have a similar operation principle of boilers, but in this case, heat generated by burning fuel 

is used to physically transform a certain product. We can distinguish between combustion furnaces where heat 

is generated though a combustion process and electric furnaces where heat can be produced by different 

mechanisms. In the last two decades, conventional furnaces powered by fuels are being replaced by electric 

ones, especially in the metallurgical industry. These systems are generally cleaner, easier to control, easier to 

maintain and have in the majority of the cases a higher energy efficiency compared to combustion furnaces. In 
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many cases, however, electric furnaces are not properly used, which prevents them from achieving the great 

energy savings which they could potentially achieve. The following are some recommendations – with varying 

investment costs – to achieve energy savings from furnaces.  

Measures not requiring investment:  

- Turning off the oven if the time between two consecutive batches takes over half an hour. If the 

furnace is properly insulated, it will keep much of the necessary heat.  

- Keeping the furnaces door always well closed. 

- Reducing time between batches. 

- Operating at full load instead of several partial charges, but not exceeding 10% of its nominal load. 

- Quick loading of the raw material to reduce radiation losses. 

- If products require a batch process, it is best to use low thermal inertia equipment so that the 

operating temperature is reached quickly. 

Measures requiring a small initial investment:  

- The purchase of specific material like insulation, automation equipment, preheaters, energy efficient 

transformers, high resistance electrodes, etc. with relatively short payback periods.  

Other general saving measures:  

- Verifying whether the insulation is in good condition, identifying and controlling energy losses 

through the walls and openings 

- Using programmable control machines to control consumption and other furnaces parameters. An 

automated furnace consumes about 25% less than a manual one and can double the lifetime of the 

auxiliary systems. 

- Ensuring the sealing of the furnace doors. Up to 80% of the losses can arise when opening doors 

- Using adjustable input ports so that the opening is the right one to just allow material entry avoiding 

unnecessary losses. 

- Ensuring the idling time to a minimum. 

- Using the heat stored in any resulting by-product in other processes. 

- A preventive maintenance allows improving furnaces performance. 

Additional saving measures for combustion furnaces: Due to the similarity in the operating principle of 

combustion furnaces compared with boilers, the saving measures outlined in the boilers section, such as good 

insulation, optimization of combustion conditions and heat recovery from flue gases, can also be applied to 

these furnaces achieving important fuel savings. Furthermore, there are special types of burners with 

embedded heat recovery systems of combustion gases (self-recuperative and regenerative burners) for this 

type of furnaces that increase the combustion efficiency. Other general measures for combustion furnaces are:  

- Directly recirculating a fraction of the flue gases to the inlet of the heating device (when the required 

temperature in not very high). 

- Using hot gases to preheat the product before entering to the heating device. 

- Using the residual heat of the output product to preheat the inlet air or load. 

- If after optimizing the process there is still a significant flow of waste heat it can be used for space 

heating or hot water production.  

 

Additional saving measures for resistance furnaces:  
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- If operating in non-stationary state, much energy is lost in furnace heating. If ceramic glass is used 

instead of concrete as a refractory material, heating the furnace can use up to 20 times less energy. 

- It is recommended to install long service life resistors such as vanadium or molybdenum ones. 

- In areas where very high temperature concentrations are required, ceramic fiber resistors as semi-

cylinders can be installed. 

- To regulate the energy supply, it is advisable the use of thyristors instead of the usual contactors. 

Additional saving measures for induction furnaces (See also the Application Note: Induction Heating) 

- The maximum furnace capacity and minimal energy consumption are achieved by operating at 

constant power. 

- In low frequency furnaces, it is recommended to melt with residual hot metals. 

- It is convenient to keep the thickness of the refractories constant. 

- To achieve a more efficient operation, the loading height recommended by manufacturers must be 

respected. 

- An adequate refrigeration of the induction coil increases the coating lifetime. 

Additional saving measures for electric arc furnaces:  

- To reduce melting time and improve the productivity and energy consumption, the process may be 

assisted by blowing oxygen during the melting process. 

- Automated control of electrodes minimizes fluctuations of the arc current and maintains constant 

power. 

- In high temperature zones of the furnace walls, water coolers can be installed to reduce repair times 

and energy consumption. 

- Low voltages and high currents allow increasing the melting speed with less refractory material 

erosion, achieving efficiencies up to two times higher in comparison with normal operation. 

- To achieve a more efficient operation, the loading height recommended by manufacturers must be 

respected. 

- An adequate refrigeration of the induction coil increases the coating lifetime. 

See also the following ECI application notes: 

 ‘Industrial process heating systems: introduction’ 

 ‘Dielectric heating’ 

 ‘Infrared heating’ 

 ‘Induction heating’ 

DRYERS 

The drying operation is intended to reduce the liquid content of a product. Thermal dryers are heat exchange 

equipment where a drying agent absorbs moisture from the product to be dried. The drying agent is usually 

hot air whose temperature has been raised by the combustion of a fuel or by the flue gases from combustion. 

Using the combustion flue gases has the advantage that no additional heat exchanger and no intermediate 

fluid are required. However, their use is not always possible due to the content of substances that are toxic or 

cause fouling. 

All energy saving measures that are applicable for combustion furnaces can also be applied for dryers. In 

addition to that, the following additional measures can be considered:  

 Using higher inlet gas temperatures, keeping in mind that the product may be damaged or 

deflagrated if the temperature is too high. 
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 The residual low temperature heat from other equipment (boilers, furnaces, etc.) can be recovered to 

preheat the combustion air or the product. 

 The exhaust gases leaving the dryer must be saturated with moisture to maximize drying capacity. 

 Mechanical pre-drying can save energy and money. 

 Drying the product above the moisture equilibrium up to storage temperature is a useless waste of 

energy. 

 An excessive air-fuel mixture must be avoided. 

 The most suitable product size for drying must be considered. 

Fuel switching in boilers, furnaces and dryers 

Due to the high dependence of the process industry on natural gas and the expected and continuous increase 

of its price in the long-term, fuel switching has become a potential solution for the industry to remain 

competitive. Several alternatives fuels for boilers, dryers and furnaces can be considered, but only biomass 

and electricity are clean options.  

Converting from natural gas (and oil) to solid biomass or electricity is only possible by replacing the boiler, 

furnace or dryer, so switching to alternative fuels that require small modifications in the equipment is 

generally preferable. In this line, the gas produced by the gasification of biomass has similar properties to 

natural gas and can be burned (and co-burned) in natural gas-fired facilities with minimum modifications.  

Small-scale biomass gasifiers are technologically mature and they are stepwise increasing its presence in the 

world energy market. In Europe, there are also some examples of larger operating gasifiers (more than 1 

MWth), most of them located in a small area (Northern Europe). These facilities use mainly wood-based 

feedstock, like forest residue, bark, waste wood and wood pellets and the resulting gas is co-fired with other 

fuels for power production. As an example, the Finnish company Metsä Fibre, a world leader producer of 

softwood pulp for high quality paper, board and tissue, installed in 2012 a 30 MW gasifier operating on locally 

sourced bark. The resulting gas is used to replace fossil fuels in the mill’s lime kiln
7
. 

More information about the use of biomass in industry can be found in the section “Renewable energy in 

industrial applications”. 

ELECTRIC DRIVES 

Electric motor systems account for about 60% to 70% of industrial electricity consumption and about 15% of 

final energy use in industry worldwide
8
. Therefore, achieving high efficiency in these devices results in 

substantial economic and environmental benefits. It is estimated that full implementation of efficiency 

improvement options could reduce worldwide electricity demand by about 7%
9
. The energy efficiency of an 

electric motor mainly depends on the electrical and mechanical losses in its components. However, there are 

other influential factors such as the sizing of the drives, motor speed control, the mechanical transmission, the 

electricity supply quality and maintenance practices. In recent years, many studies have identified large energy 

efficiency potentials in electric motors and motor systems with often very short payback times and high cost 

effectiveness.  

In addition to process optimization (the most important measure to reduce electricity consumption of motor 

systems), the main energy saving methods in motors and electric drives are the following:  

                                                                 

7 “Large industrial Users of Energy Biomass”, IEA Bioenergy Task 40 – Sustainable International Bioenergy Trade, September 2013:  

http://www.bioenergytrade.org/downloads/t40-large-industrial-biomass-users.pdf 
8 IEA 2007 
9 IEA 2008 
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1. Use of high efficiency motors: the purchase cost represents a very small proportion of the total 

operating costs of an electrical motor over its lifetime (usually around 1%, although it depends on 

how intensively the motor is being used). Therefore, replacing less efficient motors by high efficient 

ones can lead to considerable energy savings with investment payback times of a few years only. The 

IEC (International Electrotechnical Commission) defined three categories for motor efficiency: IE1, IE2 

and IE3 (the latter has the highest efficiency), while CEMEP defined the classes EFF3, EFF2 and EFF1, 

with the highest efficiency for the lowest number. The EU recently introduced MEPS’s (European 

Minimum Energy Performance Standards) for electric motor efficiency. 

2. Installation of motor starting devices: The electric current demanded by a motor at start up can be up 

to 7 times the demanded current on its nominal operation. To solve problems related to electrical 

overcurrent and mechanical overstraining, soft starter devices have been developed. They reduce 

magnetic losses, operate the motor more efficiently and at lower temperature, maintain the power 

factor at an appropriate level and increase in this way the overall efficiency of the motor. The cost of 

these devices varies between approximately 30% of the cost of a high-efficiency IE2 motor for low 

power and 10% of the cost of an IE2 motor for higher powers.  

3. Installation of variable speed drives: Variable speed drives are devices that allow varying the speed of 

the motor shaft depending on the motor load, including the benefits of motor starters and reducing 

energy consumption. By using state of the art electronic power control systems, it is possible to 

achieve excellent technical performances and close to nominal energy efficiencies for a broad range 

of motor powers. The cost of these devices varies depending on the motor power, but are on average 

close to 50 €/kW. The payback period depends on the power output, the number of operational hours 

and the type of load. In cases where the load is highly variable and the motor runs a high number of 

hours, a payback time of less than 2 years can be achieved with subsequent energy savings up to 25%. 

4. Proper sizing: a proper dimensioning of the motor is an important issue. The rated power must be 

over dimensioned between 5% and 15% of the operating power, with the objective of operating the 

motor with an appropriate efficiency and power factor. It is important that the electric motors 

operate between 60% and 100% of rated load. Is recommended to replace electric motors operating 

under 40% of their nominal load by other motors with lower nominal power. 

5. Transmission optimization. 

6. Improving electricity power quality, minimizing voltage variations, voltage unbalance and harmonic 

distortion. 

7. Power factor: The power factor must be higher than 0.95 and if it is below this value, it is 

recommended to install capacitor batteries. It is also important to minimize motor operation with no 

(or very low) load in order to minimize the power factor. 

8. Proper maintenance practices: the electric motor performance should be monitored and preventive 

maintenance actions must carried out with care. 

Note that motor energy losses also: 

 Generate heat losses, requiring additional cooling capacity, which is again leading to financial and 

environmental losses.  

 Result in higher maintenance costs for the motor 

 Reduce the useful life of the motor 

For more detailed information on electric drives and their energy efficiency, see also the following ECI 

Application Notes: 

 ‘Electric motor asset management’ 

 ‘Motors and Variable Speed Drives’ 
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RENEWABLE ENERGY IN INDUSTRIAL APPLICATIONS 
Although renewable energy has received a good deal of attention for power generation and for residential 

applications, its direct use in industry has attracted much less attention, playing only a relatively small role. 

Biomass currently makes by far the most significant contribution to the direct use of renewable energy in 

industry, providing around 8% of its final energy use in 2007. Nevertheless, a recent analysis made by the 

United Nations Industrial Development Organization (UNIDO) about the long-term potential for renewable 

energy in industrial applications suggests that up to 21% of all final energy use in manufacturing industry in 

2050 could come from on-site renewable energy (not including the renewable energy share in the electricity 

mix), with a main contribution from biomass, process heat from solar thermal installations and heat pumps. 

 

Figure 8 – Renewables potential in industry by 2050 – final energy and feedstocks. Unido analysis. 

Other possibilities in energy intensive industries are wind powered industrial processes and photovoltaics (PV) 

for building applications. PV for buildings system applications is experiencing exponential growth. They are 

used to reduce demand of grid electricity or to provide continuous power supply during utility grid outages. 

Small wind systems and its hybrid applications are expected to play an increasingly important role in the 

forthcoming years, including powering industrial applications. Some industrial applications are particularly 

suited for direct energy supply from on-site wind turbines, such as chlorine-alkali production, desalination, and 

cold storage. 

Overall, an increase in on-site renewable energy in industry has the potential to contribute to about 25% of 

expected GHG emissions reductions in the industry sector by 2050 (nearly 2 gigatonnes (Gt) of CO2). This 

potential can only be realised, however, if specific policies are developed to create the right business 

environment. In the longer term, a price for GHG emissions of the order 50 USD/t CO2 is needed to support the 

development of this market.  

In this document, only biomass, solar thermal and heat pump technologies are developed, being the 

renewables with higher potential for a direct use in industry, according to UNIDO.  

For more information on industry powered by other renewables, see also the following ECI Application Notes: 

 ‘Wind powered industrial processes’ 

 ‘PV powered building applications’ 
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BIOMASS 

According to the European Commission (EC), biomass could account for two-thirds of the renewable energy 

target in 2020. To achieve this figure, biomass use will roughly have to be doubled
10

. Biomass, primarily for 

process heat, has the potential to increase significantly in the pulp and paper and the wood sectors, reaching a 

global share of 54% and 67% respectively of the total final energy use in each sector. Other sectors, including 

some of the most energy intensive, such as chemicals, petrochemicals and cement, also have potential to 

increase their use of biomass, but they will only achieve that potential if there is a concerted effort for them to 

do so. For chemicals and petrochemicals, wider biomass deployment will depend mainly on investment in bio-

refineries. In the cement sector, what is most needed is a proper policy framework for the management of 

wastes and incentives to increase their use in cement production. Interesting potential lies in the development 

of bio-based vehicle tyres and their subsequent use in cement kilns at the end of their useful life. The UNIDO 

analysis suggests that, by 2050, biomass could constitute 22% of final energy use in the chemical and 

petrochemical sectors and that alternative fuels could constitute up to 30% of final energy use in the cement 

sector.  

Across all industrial sectors, biomass has the potential to contribute to 27 EJ/yr, out of a total industry sector 

final energy use of around 230 EJ/yr. But the achievement of this potential will depend on a well-functioning 

market and on the development of new standards and pre-processing technologies.  

 

Figure 9 – Regional and sectorial breakdown of biomass potential for process heat in industry in 2050, including 

interregional trade (UNIDO analysis). 

Other potential energy applications for biomass include: 

- Bioenergy Technologies: A range of bioenergy technologies for industrial process heat production is 

already commercialised. Others are at earlier phases of R&D. Solid bioenergy products are likely to be 

the most effective substitute for coal and several options are already on the market. Moreover, two 

main current forms of gaseous biofuels are biogas from anaerobic fermentation and synthetic gas 

(syngas) from biomass gasification. 

- Charcoal use in blast furnaces: Charcoal is widely used as a fuel. Other options are biomass co-

combustion in cement kilns or biomass gasifiers for kilns and furnaces.  

Producing heat and power from biomass instead of fossil fuels has the potential to offer a wide range of 

environmental and socioeconomic benefits. However, there exist some sustainability concerns related to the 

                                                                 

10 European Commission, 2010. Biomass potential. Chapter in “Agriculture and Bioenergy” website of the Department of Agriculture and 

Rural Development of European Commission. http://ec.europa.eu/agriculture/bioenergy/potential/index_en.htm. 
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availability (seasonal variations, competition with food and nature conservation) and the low energy density 

(GHG balance) of biomass. Therefore, the mentioned benefits can only be realised if biomass feedstock is 

sourced responsibly through a sustainable supply chain and takes into account life cycle carbon emissions and 

the impact on land use, soil, water, air quality and the living conditions of those involved in the supply chain. 

Promoting the sustainable use of biomass for energy is an objective pursued by the European Union
11

, 

reflected on the Directive 2009/28/EC
12

 of the European Parliament on the promotion of the use of energy 

from renewable sources.  

Adding a certain share of waste to the biomass fuel could be a way to flatten out the seasonal variations in 

supply and at the same time boost the heating value of the fuel. Naturally, not all waste streams are suitable 

for this purpose. From a technical point of view, these must be combustible, high-energy materials, free from 

hazardous elements. Moreover, in order to preserve the global environmental purpose of the project, the 

materials should be non-recyclable, so that their combined valorisation with biomass diverts them from 

landfills or conventional incineration. Under this approach, the project would provide a twofold environmental 

benefit: facilitating the biomass-based renewable energy generation and making use of the energy value of 

waste that would be otherwise disposed in landfills. 

More information on the use of biomass as an energy source by the industry can be found in the report: 

 “Large industrial Users of Energy Biomass”
13

 

SOLAR THERMAL SYSTEMS 

Solar thermal energy has the potential to contribute 5.6 EJ/yr to industrial process heat by 2050. Almost half of 

this is projected to be used in the food sector, with a roughly equal regional distribution between OECD 

countries, China and the rest of the world. Costs depend heavily on solar radiation intensity, but they are 

expected to drop by more than 60% by 2050, mainly as a result of learning effects. Niches exist in several 

sectors in which part of the low-temperature energy demand can be economically supplied by solar thermal 

systems.  

 

Figure 10 – Regional and sectoral breakdown of solar thermal potential for industrial process heat by 2050 

(UNIDO analysis). 

                                                                 

11 http://ec.europa.eu/energy/renewables/bioenergy/sustainability_criteria_en.htm 

12 http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009L0028&from=EN 
13 “Large industrial Users of Energy Biomass”, IEA Bioenergy Task 40 – Sustainable International Bioenergy Trade, September 2013:  

http://www.bioenergytrade.org/downloads/t40-large-industrial-biomass-users.pdf 
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Unlike biomass, where resource availability may limit the potential and raise sustainability concerns, solar has 

an almost unlimited resource potential. Where good solar radiation is available, solar thermal technologies for 

industrial process heat are very close to break even. In specific regions or countries where the energy unit cost 

is higher or where solar thermal systems are manufactured locally, solar thermal technologies are already cost 

effective without any need for subsidies. In areas with lower solar radiation, such as central Europe, solar 

thermal technologies need substantial cost reductions to become competitive. In some specific markets, taxes 

on fossil fuels or subsidies for renewable energy make solar thermal energy already competitive despite low 

solar radiation. 

In industry, five sectors use a significant proportion of their process heat at temperatures lower than 400ºC, 

and are therefore likely to have a strong potential for solar thermal energy. These are transport equipment, 

machinery, mining and quarrying, food and tobacco, and textiles and leather. Many processes and activities 

that are common to these sectors can benefit from the implementation of solar thermal systems. These 

include: washing, pre-heating of boiler feed water, and space heating in industrial buildings. The chemical 

sector has also a high potential for solar thermal energy, but generally on a very large scale through 

Concentrated Solar Power (CSP) systems. The main barrier to the greater use of solar thermal energy in this 

sector is the scale of area needed for solar collectors.  

Finally, the economic competitiveness of solar thermal energy in industry will be very positively affected by 

high carbon prices. Among renewable technologies, solar has the advantage over bioenergy to escape fuel 

price volatility. To increase competitiveness, the capital cost of solar technologies needs to be reduced through 

learning, starting with the deployment of solar thermal systems in selected sectors and in regions where solar 

radiation is abundant relatively constant throughout the year 

HEAT PUMPS 

Although heat pumps cannot be considered as a “pure” renewable energy, if the electrical energy used by the 

compressors is produced from renewable energy sources, heat pumps are a fully renewable energy 

technology. On the contrary, if fossil fuels are included in the energy mix, only part of the energy output of 

heat pumps can be regarded as renewable. Heat pumps can take heat from the environment or from waste 

heat streams and supply it to industrial applications without the need to burn any fuel. 

Industrial heat pumps also have a part to play in low temperature process applications and are estimated to 

contribute 4,9 EJ/yr in 2050. Most (43%) of this will be concentrated in the food sector, mainly in OECD 

countries (60%), China (16%) and the former Soviet Union (15%). Costs for useful energy supply by heat pumps 

are projected to decrease from 30% to 50% by 2050, due to reduced capital costs, increased performance, and 

more consistent, market driven, international electricity prices, among other causes. Heat pumps can be 

considered as the main competitor for solar thermal systems, since they both operate in similar low 

temperature ranges, and the lower the temperature increase they have to provide, the more efficient they 

both are. 

 

Figure 11 – Calculation of the renewable energy contribution of a heat pump, according to the European 

Renewable Energy Directive. 

The following table presents the advantages and disadvantages of using heat pumps in industrial applications: 
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Current disadvantages of industrial heat pumps Current advantages of industrial heat pumps 

Lack of necessary knowledge among designers and consulting 

engineers about heat pump technologies and their application.  

High coefficients of performance (COP) in applications requiring a low 

temperature lift and/or operating in high ambient temperatures 

Lack of refrigerants in the relevant temperature range Long annual operating time 

Lack of experimental and demonstration plants 
Relatively low investment cost, due to large units and small distances between 

the heat source and heat sink 

User uncertainty about the reliability of heat pumps Waste heat production and heat demand occur at the same time 

Table 2 – Advantages and disadvantages of industrial heat pumps. 

The analysis made by UNIDO has identified the potential for heat pumps to meet 4,87 EJ/yr of industry’s 

process heat demands in 2050, as shown in the following figure by region and by sector.  

 

Figure 12 – Regional and sectorial breakdown of the heat pump potential for process heat in industry in 2050 

(UNIDO analysis). 

OECD countries have an important role to play in the potential development of heat pumps for industrial 

process heat. The high efficiency of electric industrial heat pumps makes this technology competitive with 

solar thermal technologies where electricity prices are low and solar radiation is less than optimum, which is 

the case in many of the regions where OECD industrial production is located. The capital cost of the equipment 

and its performance, are also important factors in determining the competitiveness of heat pumps.  

Heat pumps can already provide a competitive alternative to fossil fuels for low temperature process heat in 

several regions. One of the driving factors is the availability of cheap electricity. However, where this electricity 

is generated by low-efficiency or coal fired plant, this can completely offset the potential CO2 emission 

reductions associated with the use of heat pumps.  

The competition for low-temperature renewable process heat production between heat pumps and solar 

thermal will be heavily dependent on regional and local conditions. The cost of the electricity that drives the 

cost of process heat from heat pumps is unlikely to decrease significantly in future. Indeed, the progressive 

introduction of a carbon price on non-renewable power generation, already in place today in the EU and other 

OECD countries, will probably increase prices.  Conversely, solar thermal technologies still have a large 

potential for cost reduction. As a result, they may become the dominant renewable energy technology for low 

temperature process heat by 2050 in many regions.  

See also the following ECI application notes: 

 ‘Industrial heat pumps’ 

 ‘Heat pumps for larger buildings’ 

 ‘Sustainable heating and cooling’ 
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INITIATIVES, STANDARDS AND REGULATION IN THE EU 

ENERGY EFFICIENCY DIRECTIVE 

The most relevant regulation for industrial energy efficiency at European level is the Commission Directive 

2012/27/EU
14

 on energy efficiency. By the end of the first decade of this century, it was obvious that the target 

of reducing a 20% the primary energy consumption in the Union by 2020, part of the 2020 Energy strategy, 

was going to be very difficult to achieve with the then existing measures. Therefore, on 8 March 2011, the 

European Commission adopted the Communication “Energy Efficiency Plan 2011
15

” proposing a new set of 

energy efficiency policies and measures covering the full energy chain. One of the sections covered by this plan 

was “Energy Efficiency for Competitive European Industry”. 

In order to ensure the adoption of most of the measures outlined in the Energy Efficiency Plan 2011, the 

Energy Efficiency Directive entered into force on 4 December 2012. The new Directive established the EU 

energy efficiency target as the “Union’s 2020 energy consumption of no more than 1483 Mtoe primary 

energy” and introduced the obligation for the Member States to define national targets by 30 April 2014 to 

comply with the Union’s goal. The transposition of this directive into Member States’ national regulation was 

due to 5 June 2014. 

Among the new measures contemplated in the Energy Efficiency Directive, the impact of article 8 “Energy 

Audits” must be highlighted. According to this article, all large companies in the EU, regardless their sector of 

activity will be subject to regular and independent energy audits. Specifically, they are required to carry out 

the first audit before 5 December 2015 and then every four years. The audits shall be made by certified and/or 

accredited experts, who might belong to independent organisations or be in-house experts, provided that the 

Member State concerned has set up a scheme to assure and check their quality. This possibility, however, has 

not been considered in the national regulation of most of the Member States. 

Large companies will be excluded from the audit requirement if they implement an energy management 

system certified by an independent body following European or International standards. In this regard, the 

Directive recommends following the European standard EN 16247 for energy audits and EN ISO 50001 for 

energy management systems, although other methodologies might be used as long as they comply with the 

minimum criteria established by the Directive.  

The European Standard EN 16247 is still under development, but the first part (EN 16247-1 ‘General 

requirements’) and the third one (EN 16247-3 ‘Processes’) have already been published. The fifth part (EN 

16247-1 ‘Competence on energy audits’) will be made available in the first quarter of 2015. This standard has 

been widely accepted by all Member States as the reference for energy audits. Moreover, a new international 

standard on energy audits, ISO 50002, has just been published and it is expected that the Member States will 

include it as a valid standard. 

Lastly, SMEs will be excluded from undergoing energy audits, but the Directive encourages the Member States 

to create incentives for SMEs and to develop a dissemination plan for energy management best practices 

among SMEs.   

  

                                                                 

14 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:315:0001:0056:EN:PDF 
15 http://ec.europa.eu/energy/efficiency/action_plan/action_plan_en.htm 
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Public funding support to a low carbon industry – The European Investment Bank 

The European Investment Bank (EIB), one of the main sources of funding for the private sector at European 

level, provides finance for the replacement and refurbishment of existing facilities for the process industry at 

European level. Most of this funding comes in the form of loans, representing approximately 90% of the bank 

activity, either direct or intermediated. Through direct loans, the EIB covers up to 50% of the total costs 

(although the average is one-third) for individual projects exceeding 25 M€. This has been the instrument 

chosen by some companies, such as Italcementi
16

 or BA Glass Group
17

, to undertake big projects for the 

modernisation of entire production plants.  

For projects with a total cost under 25 M€, the EIB provides intermediated loans to local, regional and national 

banks which subsequently “on-lend” to the final beneficiary (i.e. the industry). In this case, lending decisions 

and conditions remain with the intermediary and the final beneficiary has no contractual relationship with the 

EIB. This instrument is suited for smaller investments, such as the replacement or adaptation of old 

equipment. 

CROSS-SECTORIAL TRANSFER OF GOOD PRACTICES 

Several associations exist that create an energy efficiency platform for a large group of process industries (e.g. 

the SPIRE Public-Private Partnership). Their aim is to accelerate resource and energy efficiency improvements 

by learning from each other, and to act as a catalyst for bringing innovative solutions to the market. Such 

associations can boost technological innovation by: (1) Joining forces to carry out R&D and innovation 

activities with a focus on developing solutions that may be applied in multiple sectors. (2) Setting-up 

mechanisms and developing financial incentives to systematically replicate energy efficiency technologies, 

solutions and practices, between different sectors.  

It often happens that the technological breakthroughs achieved in one industrial sector can be applied in 

different industries, since many energy intensive industries share similar processes. For example, melting or 

reheating processes are used in many sectors. Fossil fuel substitution by biomass and residues through 

combined combustion and gasification technologies can be adapted for ceramic, cement, steel or non-ferrous 

industries, among others. Another topic with a clear cross-sectorial character is the use of new technologies 

for the utilization of waste heat in large industrial systems. Heat Recovery Systems can be of a modular type 

and can be adapted easily to different process and working conditions (iron and steel making processes, 

chemical, cement and ceramic plants).  

Furthermore, any sector will profit from the development of equipment that monitors intermediate product 

quality and provides integration with process control. Although the integration of this equipment into the 

specific processes will most probably be sectorial, the process control strategies will be cross-sectorial, 

enabling knowledge and technology transfers across different sectors. Indeed, optimal process control 

strategies are a basic element common to all process industries.  

Best Available Technologies (BATs) and Best Available Techniques Reference Documents (BREFs) 

Industrial production processes account for a considerable share of the overall pollution in Europe. The EU has 

set common rules for permitting and controlling industrial installations described in the Industrial Emissions 

Directive 2010/75/EU (IED)
18

. Chapter II of IED (and its predecessor Directives) requires the integrated control 

of the consumption of energy, water and raw materials, as well as the prevention of the pollution of water, air 

                                                                 

16 http://www.eib.org/projects/pipeline/2011/20110472.htm 
17 http://www.eib.org/infocentre/press/releases/all/2014/2014-155-eib-boosts-modernisation-of-glass-industry-in-poland.htm  
18 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:334:0017:0119:en:PDF 

http://www.spire2030.eu/
http://www.eib.org/projects/pipeline/2011/20110472.htm
http://www.eib.org/infocentre/press/releases/all/2014/2014-155-eib-boosts-modernisation-of-glass-industry-in-poland.htm


 

Publication No Cu0203 

Issue Date:     January 2015  

Page 24 

 

and soil from approximately 50.000 industrial installations across Europe. This control is implemented in each 

EU member state through a system of permits that include conditions requiring the use of the Best Available 

Technologies (BAT).  

The European Integrated Pollution Prevention and Control Bureau (EIPPCB) provides a major resource for EU 

member states and applicants for permits by developing Best Available Techniques Reference Documents 

(BREFs). BREFs are generated following the exchange of technical information between experts from industry, 

EU countries, research institutes, environmental NGOs and the European Commission. The EIPPCB plays an 

important role in mediating this process by setting up a technical working group for each BREF. 

BREFs are the main reference documents used by competent authorities in EU countries when issuing 

operating permits for industrial installations that represent a significant pollution potential. They inform 

relevant decision makers about what may be technically and economically available to industry in order to 

improve their environmental performance and consequently improve the whole environment. A BREF is the 

vehicle through which BAT and emerging techniques are determined in a transparent manner, based on sound 

techno-economic information. It gives predictability to the process of determining conclusions on BAT and 

provides confidence in the quality of the end result. So far 33 BREFs for industry sectors have been produced
19

.  

Fostering the implementation of cross sector good practices 

As mentioned before, some industry associations have become aware of the potential benefits that the 

exchange and implementation of cross-sector good practices have for their associates, and have started to 

promote and foster them. This is done, for instance, through the elaboration and circulation of guidance 

documents on very specific topics. These documents contain the ideas and trends of the industry and are used 

as starting point for further activities, like the organization of meetings, symposiums and workshops. 

Associates and external experts are invited to discuss around specific areas of interest with the final aim of 

finding answers to common challenges. This is the strategy followed by IPIECA, the global oil and gas industry 

association for environmental and social issues. It is encouraged for the industries to approach the associations 

they are involved in, in order to obtain information about the activities programmed in this line. 

ISO 50001 ON ENMS 

The ISO 50001 is a voluntary international standard developed by the International Organization for 

Standardization for establishing, implementing and maintaining an energy management system. The standard 

was released in 2011 and is applicable to all kind of organization regardless their type and size. It provides 

them a framework to manage and improve energy use and consumption. Specifically, setting up an EnMS 

following this standard will help industries to: 

 Develop a policy for more efficient use of energy 

 Fix targets and objectives to meet that policy 

 Use data to better understand and make decisions about energy use 

 Measure the results 

 Review how well the policy works 

 Continually improve energy management 

The standard, which is not free of charge
20

, will guide the company through all the steps to effectively establish 

and implement a structure EnMS. For organizations with little or none experience in energy efficiency and 

                                                                 

19  Translations of complete reference documents and/or Executive Summaries are available here: 
http://eippcb.jrc.ec.europa.eu/reference/ 
20 At the time this manual was published, ISO 50001 costed around 100€ 

http://eippcb.jrc.ec.europa.eu/reference/
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continual business experience, it might be easier and more cost-effective to hire an external qualified expert to 

help establish the EnMS and prepare for certification. 

Certification is certainly not an obligation. Some organizations decide to implement the standard solely for the 

benefits it provides. In general, companies certified their EnMS to ISO 50001 to show their stakeholders their 

commitment to improving energy performance.  

ISO 50002 ON ENERGY AUDITS 

The international standard ISO 50002, published in June 2014 and based on the European standard EN 16247, 

specifies the process requirements for carrying out an energy audit in relation to energy performance. ISO 

50002 belongs to the ISO 50000-series of standards. It can support an energy review and can facilitate 

monitoring, measurement and analysis as described in ISO 50001, or it can be used independently. ISO 50002 

specifies the principles of carrying out energy audits, requirements for the common processes during energy 

audits, and deliverables for energy audits. 

The standard is suitable for all kinds of organization and has established three types of audits with varying 

depth, details and accuracy: 

 Type 1: for high-level overview. This is expected to be used by small organizations and those that 

want to prioritise areas for further investigation. 

 Type 2: when more technical details are needed. 

 Type 3: for opportunities with high capital cost and risk. 
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CONCLUSIONS 
 Although Europe’s energy intensity has declined in recent years, indicating a step forward in energy 

efficiency, the expected industrial growth will result in increased energy consumption and therefore 

also higher GHG emissions. Consequently, in order to meet the European emission targets, the 

demand on the industrial sector to decarbonize will become even more stringent. Therefore, 

improving industrial efficiency and mitigating GHG emissions will be essential for European companies 

to survive. 

 Various options to mitigate GHG emissions are available. The large majority of them are based on 

energy efficiency measures (organisational and technological), the integration of renewable energy in 

industry (for electrical power, heating and cooling) and carbon capture and storage / re-using of CO2. 

A few other potential technologies to mitigate GHG emissions are known, mostly highly specialized 

and directed to one particular sector, which should receive major R&D investments to make them 

market ripe.  

 The best energy efficiency measure for a site is not always equal to the sum of the optimum energy 

efficiency in component parts. It is essential to analyse the energy flows in the entire energy using 

systems and in the entire industrial plant. Only in this way – to give just one example – it can be 

discovered whether residual heat from one process can be used as energy input in another one. Only 

in this way, the overall energy consumption of the entire industrial site can be minimized. 

 Systematic energy management is one of the most effective approaches to improve energy efficiency 

in industries, equipping companies with practices and procedures to continuously make 

improvements and capture new opportunities. In this regard, it is also important to develop platforms 

through which sectors can learn from each other. Moreover, a high-level training and education for 

industrial professionals should be promoted, since they are the people that can translate ideas into 

process improvements, new energy efficient equipment, and new energy saving technology.  
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o ‘Motor testing for performance and reliability’ 
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o ‘Industrial heat pumps’ 
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o ‘Sustainable heating and cooling’ 
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ANNEX: LOW CARBON TECHNOLOGY OPTIONS BY INDUSTRY SECTOR 
As stressed before, companies in the energy intensive sectors are key for a transition towards an entire low 

carbon economy. There are a number of potential technologies that could result in significant decarbonisation 

of various manufacturing sectors. These technologies can be divided into the following three broad categories: 

(1) Carbon capture and storage/utilization (CCS/U); (2) Process change and (3) Switching to biomass. 

From a technology perspective, carbon capture and storage (CCS) offers the greatest opportunity for carbon 

dioxide abatement within energy intensive industries. The viability of this approach, both technologically and 

economically, varies between sectors, with ammonia production, iron and steel production and chemical 

processing being best suited for its early adoption. It is the least applicable for paper and pulp, ceramics and 

glass manufacturing due to the relatively small and distributed character of the industrial plants in these 

sectors. Some other potential technologies are still in different phases of innovation, development, 

commercialization, and deployment. 

This point reviews the technologies likely to be available to key energy intensive sectors, with the potential to 

contribute to meeting the emissions targets by 2050 through direct emissions reduction. A number of these 

have been studied in depth by policy makers and academics, and several industry level research programs are 

underway. The potential for technology innovation is not uniform across the energy intensive sector; some 

industries have more potential for the application of new processes than others. 

IRON & STEEL: This sector is usually a large investor in research and development, but low carbon alternatives 

are blocked by the high availability and relatively low cost of natural gas and the availability of sponge iron or 

steel scrap. However, given that EU blast furnaces are operating very efficiently within the constraints of their 

existing technology, there is limited room for efficiency gains without a major step change in technology. 

Industry representatives report a number of investments to date addressing to improve efficiency and reduce 

emissions. These, include actions such as  

 Basic Oxygen Steelmaking (BOS) gas recovery 

 Increased use of coal injection to replace coke use in furnace 

 Hot linking where possible (to reduce heat loss) 

 Recuperation and regeneration (heat recovery from reheating furnaces) 

 Variable speed motor drives (20-30% energy savings) 

 Installing pulse-fired burners (reducing natural gas consumption in re-heat furnaces by 20-30%) 

 Better planning – less “keep warms” reduces heat loss or 

 Process re-engineering (can reduce CO2 emissions from gas consumption by at least 25%) 

Potential Technology options: Improved energy and materials consumption, and fuel and materials 

substitution, account for most of the abatement potential within this sector. For blast furnaces, a large range 

or technologies exist, both for newly build and retrofit plants. The most promising technologies likely to be 

implemented post 2020 are: (1) Top-gas Recycling Blast Furnace (TGR-BF) with CCS; (2) Gas-based Direct 

Reduced Iron (DRI); (3) Coke-free steel-making (HIsarna) with CCS – based on cyclone converter furnace and; 

(4) Fastmelt.  

BASIC INORGANIC CHEMICALS: The basic inorganic chemicals sector covers a wide range of chemical 

production processes. Given the highly varied character of the sector, it is not possible to cover the full range 

of technologies. Therefore this section presents technologies that can be applied to stages and processes 

common to a number of different chemical production processes. Some important chemical companies such 

as Lucite or INEOS Chlor report to have been investing in a wide range of energy efficiency measures over 

recent years, which include:  
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 Sale of excess steam to local industries for electricity production 

 New cell room technologies (primary electrical energy savings of 15%) 

 Use of efficient combined-cycle gas turbines (CCTG) 

 Metering utilities use and comprehensive monitoring systems 

 New efficient boiler plants 

 Centralised control rooms and distributed process automation systems 

Potential Technology options: Given the broad nature of the inorganic chemicals sector, the number of 

potential technology options is relatively diverse. The IEA has identified more than 50 energy best practices 

within the (petro-) chemical sector, covering heat recovery, CHP and fuel switching. Many of these are at 

negative or low cost per tonne CO2e. There are a number of higher cost options, including developments in 

ethylene cracking processes, and the decomposition of non-CO2 greenhouse gases, which are capital intensive, 

but may nonetheless still cost less than CCS. The following potential technologies can lead the route to further 

decarbonisation: (1) CCS potential is being looked in some companies although the flue gases would require 

significant cleaning. Some of them prefer carbon capture and conversion (e.g. to methanol which could then 

be reused); (2) Use of alternatives to natural gas, e.g. hydrogen or biomass fuels; (3) On-site generation of 

electricity from low-grade waste heat; (4) Use of lasers to decompose the by-product of acid stream rather 

than natural gas derived heat; (5) Possible use of syngas produced locally from organic waste materials; (6) 

Decarbonised electricity supply; (7) Alternative use of hydrogen by-product e.g. in H2 fuel cells (to avoid 

burning with natural gas as at present); (8) Better use of low-grade heat (currently wasted).  

CERAMICS: The ceramics industry has invested heavily in energy efficiency and emissions reduction 

technologies over recent years. While little can be done about reducing process emissions from clay use, much 

has been done in relation to energy-related emissions and improvement of energy-efficiency over the last 

decade. Several large factories have been completely rebuilt as state-of-the-art energy-efficient plants with 

high investments. Many small companies have continued to invest heavily too. The following are some of the 

activities undertaken by the industry to date:  

 Move away from batch to continuous processes (e.g. tunnel kilns) 

 Improved kiln insulation and ‘refractory’ kiln-ware 

 New materials that require lower firing temperatures 

 Pre-calcining / pre-treatment 

 Use of recycled materials 

 Heat recovery (e.g. using heat from cooling cycle to dry unbaked clay bricks) and 

 Use of inverters on motors 

The industry has been able to use some renewable energy (e.g. energy from waste in brick, roof tiles and clay 

pipe sites), but has encountered problems in planning for many of these installations (e.g. especially wind 

turbines and to a lesser degree energy from waste). 

Technology options: A number of potential medium term options to further improve efficiency for the brick 

industry – some of which may be transferable to other ceramic sectors – are mentioned. However, the 

achievability of these savings need to be further explored through demonstration projects before they can be 

more firmly established. These technologies include: (1) Better use of heat recovery; (2) Process modelling in 

kilns; (3) Reducing air flow in kilns; (4) Redesign of kiln cars and; (5) Use of sustainable syngas from biomass 

(but the gas needs to be pure and issues of inconsistent calorific value should be avoided). Additionally, 

alternative fuel sources such as biomass or renewable energy generation could displace a (limited) proportion 

of existing fuel use (fuel switching). These developments are capital intensive due to the composition of the 

sector (high proportion of SMEs), so financial support may be needed. 
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GLASS: Much work has been done to improve efficiency in glass industry. Several initiatives have been made to 

date with varying levels of success. Some looked at alternative fuel sources (fossil and non-fossil) and others at 

energy reduction per se. The use of recycled glass (cullet) is key, because cullet preheating provides an 

opportunity for further energy saving. It is almost impossible to reduce the base energy demand for the actual 

mineralogical transformation, but alternative fuel supplies are an option if sufficient and constant biomass 

supply is available. Some of these energy saving initiatives that have been investigated are:  

 The use of coal bed methane 

 The use of landfill gas 

 The use of gas from biomass (but residual ash is a problem)  

 A combined EP/cullet preheater scenario 

Technology options: There are a number of technologies available to the glass industry, although it is 

important to recognise that some are only applicable to certain specific processes. The key avenues for 

development are through increased use of recycled glass (cullet), which involve factors that are outside the 

control of glass manufacturers, as well as the preheating of cullet and raw materials by exhaust gases. Some of 

these technologies are contained within the BREF guidance (revised draft) issued by the European 

Commission. These include: (1) Advanced cullet and batch pre-heating systems; (2) New product formulations 

(this is limited to glass wool and continuous filament glass fibre); (3) Submerged Combustion Melting (SCM) 

and; (4) Segmented Modular Melting.  

ALUMINIUM: The smelting is by far the most energy intensive process in the aluminium production. The 

technological development and research of the industry has focused on this stage, alongside with the capture 

of Perfluorocarbons (PFCs) associated with the smelting process. Over recent years, attempts to improve the 

efficiency have focussed on increasing the energy efficiency of power plants and the introduction of co-fired 

power stations. In terms of the smelting process itself, some small energy efficiency savings have been 

achieved by improvements to the electrolytic cell design.  

Technology options: A number of technological options have been identified in a Carbon Trust Report (Carbon 

Trust 2011). These include: (1) Wetted Drained Cathodes; (2) Inert anodes; (3) Low carbon grid; and (4) 

Carbothermic reduction.  

CCS of direct emissions is currently not feasible within the aluminium production process
21

. Significant 

challenges need to be overcome, primarily how to economically capture CO2 emissions from the electrolysis 

cell. However, CCS of indirect emissions from the generation of electricity used within the smelting process, 

could significantly reduce the CO2 emissions of the aluminium sector, depending on the mix of energy sources 

that is used. 

CEMENT MANUFACTURE: The cement sector is a major contributor to global CO2 emissions, representing 

approximately 5% globally. Emissions are created both from fuel combustion and limestone calcination in kilns.  

Technology options: Emissions from clinker and cement production can be reduced through a number of 

established abatement measures. These may include: (1) Energy efficiency improvements, notably in kiln 

technology; (2) Combustion of waste and biomass fuels in the kiln; (3) Increased use of clinker substitutes in 

cement blending and; (4) Low carbon cements based on new production processes. While it is recognised that 

many of these options may be implemented at negative or low cost, they may face barriers such as access to 

alternative fuels and materials, and technical specifications for cement. While CCS is recognised as providing 

the main route for major emissions improvements in the industry, the development of low or carbon negative 

                                                                 

21 IEA, 2009 
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cements (e.g. Novacem, Calera, Calix and geopolymer cements) may prove to be an option, although 

uncertainty remains about their deployment. Alternative fuels that can be used include: solid municipal and 

commercial waste, tyres, waste oils, sewage sludge and biomass. Any co-firing incorporating the combustion 

of waste has to meet the emission guidance as set out in the Waste Incineration Directive (WID). A study by CE 

Delft estimate that CO2 emissions reductions from new kilns incorporating biomass would be up to 35% 

compared to existing EU kiln averages. This report also notes that while capital expenditure for a new biomass 

kiln in the EU will be the same as for a standard kiln, the operating costs will be significantly higher due to the 

higher cost of biomass
22

. 

The production of clinker for the use in cement is an energy intensive process and emits large quantities of 

CO2. Clinker can be substituted by waste products that possess similar hydraulic properties, e.g. pulverised 

fuel-ash (PFA) and ground-granulated blast furnace slag (GGBFS), which are waste by-products of coal fired 

power stations and iron blast furnaces respectively. CE Delft estimated that the potential for CO2 abatement is 

potentially limited and that the use of substitutes may only increase from 20% currently to 35%. As such, the 

potential for emission reductions is estimated at 10 - 20%, unless better binding agents can be developed. 

Finally, chemical absorption employing CHP or waste heat from neighbouring industrial facilities to provide the 

steam for regeneration, and Oxy-fuelling for new build kilns, are considered potential carbon reduction 

technologies. 

PULP & PAPER MAKING: GHG emissions are primarily due to the use of natural gas in the processing of pulp 

into board and paper. It requires large amounts of fuel to evaporate the water used in pulp slurry. The industry 

has made on-going investments in improving efficiency. CHP is being pursued as the most effective best 

available technology, and on-site facilities using biomass fuel is being considered.  

Technology options: The primary technology is Black Liquor Gasification (BLG) with CCS. In addition, there may 

be potential for advanced drying technologies post 2030. BLG uses the by-product of the chemical pulping 

process. Black liquor can be turned into syngas, a mixture of H2 and carbon monoxide. Through gasification this 

can be subsequently used as a feedstock for a black liquor integrated gasification combined cycle (BLIGCC). In 

addition, the syngas could be used as feedstock for chemical production or to produce dimethyl ether, which 

can be used as a diesel substitute in road transport. Using CCS, the process could act as a carbon sink. 

Therefore, CCS is a viable technology when incorporated with Black Liquor Gasification at chemical pulping 

plants.  

NITROGEN FERTILISERS: Ammonia (NH3) is currently produced from natural gas and used mainly as feedstock 

for the nitrogen fertilizer industry. Consequently, natural gas constitutes the main fossil fuel feedstock used in 

the industry. Part of the carbon in natural gas is used for subsequent reaction to produce urea; the rest is 

released as CO2 emission. To date, producers of nitrogen based fertilisers have invested in a number of 

technologies and process improvements to reduce their emissions, including:  

 Better heat recovery 

 Improved energy efficiency in ammonia plant 

 Sale of CO2 as by-product to third parties 

 N2O emission abatement using catalytic decomposition on nitric and acid plants and 

 On-site electricity generation from steam waste 

Technology innovation: Technology innovation is limited for the current process of ammonia production via 

the Harber-Bosch process. As a result, the energy savings potential at present is limited primarily to the 

adoption of best available practices. One option consists of producing H2 through selective ionic membranes, 
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or through the use of low carbon energy, which would significantly reduce the CO2 emissions of the process. 

For example, instead of using the hydrogen from natural gas, it is possible to use hydrogen from electrolysis
23

. 

The required electricity could be supplied from renewable low carbon sources, for example hydropower or 

wind turbines. Another possible option consists of N2O emission abatement using catalytic decomposition on 

nitric acid plants. 

The production of ammonia is particularly suited for the incorporation of CCS due to the high concentration of 

CO2 in the flue gas (typically 98 - 99% - much more than in conventional combustion). Moreover, the 

International Fertilisers Association has concluded that the sector is amongst those best suited to early 

adoption of CCS technology in the 2020s. It is estimated that up to 70% of total CO2 emissions could be abated 

through CCS. Ammonia production has one of the lowest abatement costs by CCS of all industry sectors
24

. 

 

                                                                 

23 Hydroworld, 2009 
24 Element Energy, 2010 


