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 I 

Executive Summary 

The aim of the project Sectoral Emission Reduction Potentials and Economic Costs for 
Climate Change (SERPEC-CC) is to identify the potential and costs of technical control 
options to reduce greenhouse gas emissions across all European Unions sectors and Member 
States in 2020 and 2030. 
 
In this SERPEC sectoral report, we determine the potentials and costs of control options in 
the industry and refineries sectors. These sectors had a share of around 25% in the overall 
greenhouse gas emission in the EU in 2005. When the emissions associated with electricity 
use (so-called indirect emissions) are included, the emission share of this sector is 
approximately 35%.   
 

0

500

1,000

1,500

2,000

2,500

2000 2005 2010 2015 2020 2025 2030

Base (Dir.+ Ind.) FTRL (Dir.+ Ind.)

Reduction (Dir.+ Ind.)

M
t 
C
O
2
e
q

 

Figure  1 Emission curves for  the industry and ref iner ies sector  in  the EU27. 

Emissions refer  to the sum of di rect  and electr ic i ty re lated ( indirect) 

emissions. Upper  l ine shows the Frozen Technology Reference 

development (FTRL);  middle l ine  the PRIMES-2007 basel ine;  lower l ine 

includes al l  ident i f i ed abatement opt ions.   

 

In the so-called baseline development, the future GHG emissions are expected to increase 
further (see Figure 1). In this study, we identified an overall GHG abatement potential that 
can reduce these emissions in 2030 to 30% below 2005 emissions. The main contributions of 
measures/sectors to these reductions are; building of new energy efficient production 
facilities, retrofitting existing stock with new energy efficient equipment, applying Combined 
Heat Power production (CHP), effectively reducing all current emissions of nitrous oxides 



 

and applying carbon capture and storage (CCS) to pure CO2-streams in the chemical industry 
(see Table 1). 

 

Overall, 70% of the reductions are calculated at negative specific costs (€/tCO2), which 
means that there is a net economic gain from implementing these measures. These results 
simply reflect the fact that large long-term energy (cost) savings can be obtained in the 
industries and refineries sector. Note, however, that we calculated costs from a social 
perspective, using pre-tax energy costs and a discount rate of 4%, to annualize additional 
capital costs over the prolonged lifetime of industrial technologies (several decades). This 
social cost perspective is quite different from the industrial end-users perspective, where 
upfront investments are a major barrier and future (long-term) costs and revenues are valued 
at much higher discount rates.  
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Figure 2 Abatement potent ia l  and speci f ic  cost  of  the abatement opt ions in  the 

industry and ref iner ies sector  in the EU27 in  2030. The abatement 

potent ia l  is  re lat ive to the frozen technology reference scenario. 

 



 

 III 

 

Table 1 Aggregated overview of  measures and costs in  industry and re f iner ies  

sector.  Reduct ions are  re lat ive  to the FTRL base l ine in  2030.  

Group Mt-CO2 €/t-CO2 
Industry: New BAT installations 461 -107 
Industry: energy efficiency (retrofit) 169 -74 
Refineries: process improvements 79 -78 
Industry: clinker reduction and use of waste-fuel 33 -20 
Industry: N2O reduction 75 2 
CHP: Chemicals & Refineries 149 18 
Industry: CCS 44 20 
CHP: other Industry  74 84 

* CHP: Combined Heat Power generation
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1  Introduct ion 

1.1  The SERPEC project ,  industry & ref iner ies    

 
The SERPEC project 

The aim of the project Sectoral Emission Reduction Potentials and Economic Costs for 
Climate Change (SERPEC) is to identify the potentials and social costs of technical control 
options to reduce greenhouse gas emissions across all European Union sectors and Member 
States in 2020 and 2030. The results are presented in so-called marginal abatement cost 
curves (MACCs) that provide a least-cost ranking of options across technologies and sectors 
in the EU. In general, MACCs provide strategic information for policy makers.  
 
All identified abatement options refer to technologies that are applied already today, or will 
become commercially viable in the near future. To identify their abatement potentials we 
estimated the maximum feasible implementation rates, often governed by the rate of turnover 
of existing technology stocks. Costs of mature technologies were assumed constant over 
time, whereas costs of relatively new technologies, e.g. wind turbines, were allowed to 
decrease over time due to economies of scale and technology learning. 
 

The industry sector  

The total emissions of the industry and refineries sectors in the European Union contributed 
around 23% to the overall greenhouse gas (GHG) emissions in the EU in 2005 (EEA, 2009). 
When the (indirect) emissions associated with electricity use are included the contribution 
increases to 35% of total EU emissions. In this SERPEC sectoral report, we present an 
overview of technical measures that could be implemented in the upcoming years in the 
European industry and refineries sector, including the ‘supply’ option of Combined Heat 
Power production (CHP). With the exception of Carbon Capture and Storage (CCS) all 
identified techniques are commercially available today.  
 
Where required, a bottom-up method was used to determine the potential for energy-
efficiency improvements. This was done at a detailed subsector level (see Table 2). The 
subsector and sub-subsector classification refers to the PRIMES model.  
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Table 2  PRIMES subsectors  and sub-subsectors  used in thi s s tudy.   

Primes – Subsector Primes - Sub-subsector 
Additional 

categories 

Unit of 

activity 

Iron and Steel  Iron and Steel integrated   t/year 

  Electric arc    t/year 

Non ferrous metals production  Primary aluminium production    t/year 

  Secondary aluminium production    t/year 

  Copper production    t/year 

  Zinc production    t/year 

  Lead production    t/year 

  Other non ferrous metals   t/year 

Chemicals production  Basic Chemical Ammonia t/year 

    Olefins t/year 

    Urea t/year 

    Nitric Acid t/year 

    Chloralkali t/year 

    Benzene t/year 

    Methanol t/year 

    Adipic Acid t/year 

  Pharmaceuticals cosmetics   t/year 

  Other chemical products   t/year 

Building materials production  Cement dry    t/year 

  Ceramics and bricks    €/year 

  Glass basic production    t/year 

  Glass recycled production    t/year 

  Other building materials   €/year 

Paper and pulp production  Paper   t/year 

  Pulp   t/year 

Food, Drink and Tobacco Food, Drink and Tobacco goods    €/year 

Engineering  Engineering goods    €/year 

Textiles production  Textiles goods    €/year 

Other industrial sectors  Printing and Publishing   €/year 

  Other industries   €/year 
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1.2  Reference  case  -base l ines  

 

Our reference for the development of energy related CO2-emissions over time was modelled 
by a so-called Frozen Technology Reference Level scenario (FTRL). The FTRL scenario 
holds all the characteristics of the PRIMES 2007-baseline scenario (Capros et al., 2008), with 
the exception of technology characteristics of sectors which remain ‘frozen’ at the 2005-
level. As a result, autonomous and policy-driven efficiency improvements are not taken into 
account.  The rationale for using a FTRL scenario is, that in our bottom-up identification of 
abatement potentials we also use 2005 technologies as a reference. Thus, the overall bottom-
up identified abatement potential should be compared against this macro-economic FTRL-
scenario.   

 

For policy makers, however, a baseline scenario that includes ongoing technology 
development, both autonomous and affected by policies, is more useful. For that reason, we 
also present the PRIMES 2007-baseline scenario (Capros et al., 2008). This scenario includes 
autonomous technology improvements as well as (further) implementation of before-2007 
climate policies and was used as the basis for proposed additional policies in the 
Commissions’ 2008 Energy & Climate package1 (see Figure 3). Note, that we did not assess 
to what extent the abatement potential of individual measures is already utilised by current 
(climate) policies. 

 

For so-called process emissions of CO2 and nitrous oxide (N2O) we calculated new baselines.  
Industrial emissions of F-gases are not covered in this report, but included in the cross-sector 
SERPEC report on F-gases.  
 

The FTRL and PRIMES-2007 baseline are shown in Figure 3). The increase over time is 
mainly caused by the (indirect) emissions associated with increased electricity use. 

 
 

                                                      
1 See http://eur-lex.europa.eu/JOHtml.do?uri=OJ:L:2009:140:SOM:EN:HTML for final legislative texts on Climate Package 
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Figure 3 Emission curves for the industry & ref iner ies sector  in  the EU27, showing 

the Frozen Technology Reference development  (FTRL)  and the PRIMES 

basel ine. Emissions inc lude direct and indi rect  (e lectr i c i ty re lated) 

emissions. 
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Table 3 Overview of  ac t ivi ty indicators and growth assumpt ions used in  SERPEC 

Numbers give  average annual  growth rates over the period 2005 to 

2030.   

Iron and steel 
Units of activity 
indicator 

Average %-
growth/year 

Total iron and steel production Kt 1.2% 
Integrated steelworks Kt -0.3% 
Electric processing Kt 2.6% 
   
Non Ferrous Metals   

Total non ferrous metals production Kt 1.6% 
primary aluminium Kt 0.1% 
secondary aluminium Kt 3.2% 
Copper Kt 1.3% 
Zinc Kt 0.7% 
   
Chemicals   
Total chemicals production Kt 1.5% 
Chlor alkali Kt 1.5% 
Methanol Kt 1.5% 
Nitric acid Kt 1.5% 
Ammonia Kt 1.5% 
Olefin (ethylene, propylene, butadiene) Kt 1.5% 
Benzene Kt 1.5% 
Urea Kt 1.5% 
Adipic acid Kt 1.5% 
   
Non Metallic Minerals   

Total non metallic minerals production  1.6% 
cement Kt 1.6% 
Ceramics Euro ‘05 1.0% 
glass basic Kt 0.1% 
   
Pulp and Paper   
Total pulp and paper production Kt 1.4% 
Pulp Kt 1.1% 
Newspaper Kt 1.4% 
Boardpaper Kt 1.4% 
Finepaper Kt 1.4% 
   
Food, drink, tobacco –value added Euro ‘05 2.3% 
Engineering –value added Euro ‘05 2.2% 
Textiles - Value Added Euro '05 0.0% 
Other Industries- Value added Euro '05 2.2% 
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1.3  Abatement  measures   

The abatement measures that we identified to further reduce emissions relative to the FTRL-
base line shown in Figure 3, can be categorised as follows: 
� Implementation of new production facilities that have a  lower energy demand than 

today’s standing stock; 
� Retrofitting existing stock with energy efficiency measures that reduce the demand for 

(fossil) energy in the form of direct fuel use, electricity use or steam use; 
� Retrofit existing stock with process emission (e.g. N2O) reduction measures; 
� Carbon Capture and Storage (CCS) applied to pure CO2 streams in the chemical industry; 
� More efficient supply of industrial heat and electricity through full application of 

Combined Heat & Power generation (CHP); 
 

Measures refer either to further implementation of technologies that are already partly 
included in the baseline, or application of new abatement techniques that are available on the 
market today.  
 

Reference emission factors 

The abatement measures save heat, electricity or fuels. To calculate the CO2 emissions 
associated with these reductions, the following emissions factors where used:   

� For electricity we took a constant reference value of 0.5 kt CO2/GWhe (see SERPEC  
Energy sector report).   

� For fuels, activity- and country specific emissions factor were used (source: PRIMES). 

� For heat, a country specific emission factor was used, representing the heat-generation 
efficiency and the fuel mix used for that country. The average heat emission factors for 
EU-27 are 65 and 61 kt CO2/PJth, for the reference years 2020 and 2030, respectively 
(source: PRIMES). 
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1.4  Abatement  costs    

The textbox describes the standard costs calculation method that we applied in the SERPEC 
project.  

 

The specific costs of measures in € per tonne CO2 abated 

Abatement costs of measures (in €2005) are calculated from the sum of annualised investment costs 
and annual operating and maintenance costs minus the annual financial savings from the measures’ 
energy efficiency improvement, divided by mean annual emission savings of the measures: 
 

emissions CO2 abated  Annual
savings costenergy   annual - M&O annual  costs  capital  annualised  costsspecific +

=  

 
Capital costs are annualised over the technical lifetime of the measure using a discount rate of 4%. 
This value is similar to government bond rates. The annual operation and maintenance costs are 
assumed to remain fixed over the depreciation period. Energy savings are calculated against energy 
prices before taxation (see main text).   
The costs refer to the extra costs compared to the reference situation. In the case of so-called retrofit 
measures, the extra costs are the same as the overall costs of the measures, because the reference is 
‘not taking the measure’. In the case of new stock, e.g. a new car or new production capacity, the extra 
costs are a case specific estimate (see main text).   
The overall costs calculation is also referred to as ‘social costs’. The method allows for comparison of 
the ‘bare’ costs of technologies, across measures, sectors and countries. A negative cost number 
indicates that from a social perspective there will be a net welfare gain from taking these measures, a 
positive cost number indicates a net welfare loss.    
Note, that the so-called ‘end-user’ perceives higher energy prices and discount rates. As a result the 
cost-curve from an end-users perspective looks different.   

 

Energy prices were taken from the PRIMES baseline scenario (EC, 2008) and are time, 
country and energy carrier specific.  EU-averaged energy prices are shown in Table 4. 
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Table 4  Pre- tax energy pr ices used in  the cost  calcu lat ions (source: PRIMES, 2008) 

PreTax
1)

   2005 2020 2030 

Electricity (euro/toe2)   596 642 666 
Steam (euro/toe)   165 223 247 
Solids (euro/toe)   140 164 181 
Oil  (euro/toe) assume 100% heating oil 181 229 249 
Gas (euro/toe) assume 100% natural gas 224 352 394 
Solids_steel (euro/toe)   105 115 123 
Mixcost Iron and steel Iron and steel 151 204 219 
Mixcost Non Ferrous Metals Non Ferrous Metals 198 304 347 
Mixcost Chemicals Chemicals 209 317 356 
Mixcost Non Metallic 
Minerals Non Metallic Minerals 197 287 320 
Mixcost Pulp and Paper Pulp and Paper 203 309 351 
Mixcost Food, drink, tobacco Food, drink, tobacco 201 293 328 
Mixcost Engineering Engineering 214 327 367 
Mixcost Textiles Textiles 211 323 362 
Mixcost Other Industries Other Industries 194 278 312 

1) so-called mixcost refers to the average price of the fuel mix employed for the corresponding subsector.  
2) toe: tonnes of oil equivalent  
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2  Emission reduction options and costs:  

industry  

In this chapter, we stepwise discuss the following groups of abatement measures: 

� The generic principle of replacing old production stock with new capacity (section 
2.1 below). 

� Cross cutting measures that apply to all industrial sectors (section 2.2). 

� Detailed description of specific measures per sector (section 2.3). 

� Overview of results (section 2.4). 

 

2.1  New product ion capaci ty  

 

The replacement of existing production stock over time by new Best Available Technology 
production plants is an important long-term mechanism in the improvement of energy 
efficiency industrial production. Typically, basic industry (e.g. iron and steel production) 
equipment has long lifetimes. In this study we used two categories of stock-lifetimes, 50 
years for basic industry and 25 years for other industries. As a consequence, we assumed that 
each year 2% respectively 4% of standing stock is replaced by new stock (Table 5).  This 
average approach was applied to all Member States. In addition we assumed that increased 
production over time is supplied by new production capacity (See textbox: sensitivity 

analysis on stock turnover  assumptions).  

 

The new production stock is assumed to perform at a 20 to 40% improved energy efficiency 
compared to the reference situation, which is the average performance of the 2005 stock 
(Table 5). Illustrations of the specific technologies that underlie these generic numbers for 
new stock are given in section 2.3. 

 

An important assumption on new production stock is that new plants are built with Best 
Available Technology (BAT). From a legal (IPPC Directive) as well as long-term cost 
perspective, there is no other option. Thus, an alternative, e.g. an average performing and 
cheaper technology, is assumed to be not available. Therefore, no additional costs are 
involved in the implementation of new production capacity.  
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Table 5  Average l i fe t ime of product ion plants  and consequent  replacement rate 

of product ion capaci ty  over  t ime.   

 Energy use and CO2 

emissions of new stock 
compared to average 2005 

efficiency 

Average life 
time (years) 

Annual 
replacement rate 

(%) 

Replaced stock 
compared to 

2005 

    2020 2030 

Chemicals 70% 50 2% 30% 50% 

Engineering 70% 25 4% 60% 100% 

Food, drink, tobacco 70% 25 4% 60% 100% 

Iron & steel 70% 50 2% 30% 50% 

Non-ferrous metals* 70% 25 4% 60% 100% 
Non-metallic 
minerals 60% 50 2% 30% 50% 

Other industries 70% 25 4% 60% 100% 

Pulp & paper 80% 50 2% 30% 50% 

Refineries 70% 50 2% 30% 50% 

Textiles 70% 25 4% 60% 100% 

* the high stock turnover rate does not reflect the average lifetime of installations in this sector, but rather the average old age of the 
current stock in this sector, that could be replaced in the coming 25 years.  

 

 
Sensitivity analysis of stock turnover assumptions 

In general, three different approaches could be taken to mimic stock turnover in industry, see Figure 4. 
In situation A, there is no stock turnover and all production growth is provided by growth of existing 
capacity due to so-called debottlenecking. In situation B, the production of standing stock remains 
constant and only new capacity is provided by new stock. Finally, situation C mimics an approach in 
which we assume that standing stock is gradually replaced by new stock.  We tested the sensitivity of 
model-C, our standard approach, compared to model-A. The resulting overall abatement in situation A 
was 10% lower compared to model-C. The overall outcome, in terms of abatement potential, of our 
assessment (model-C) can thus be regarded as rather robust for the choice of stock-turnover rate.      

 

 

 
Figure 4 I l lust rat ion of three stock turnover  approaches.  Icons i l lust rate growth 

of product ion capaci ty  over  t ime.    

Existing stock New stock

A B C
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2.2  Cross  cutt ing  measures  

 

Cross cutting measures database 

Typically a range of energy efficiency measures exist that can be implemented in all 
industrial sectors. Such ‘cross cutting’ measures are for example energy management, new 
pumps and motor systems and improved boilers. The Industrial Assessment Centres (IAC) 
database (Rutgers University) provides a unique overview of the potential of such measures 
in the US industry. The database contains data from over 14,000 industrial audits in the 
United States collected between 1985 and 2007. The audits sampled the application of (cross 
cutting) technologies, the potential to apply new cross-cutting technologies and their energy 
savings and costs. We used this database for EU purposes, because sectoral production 
technologies as well as cross-cutting technologies in the US and the EU are very similar.   

 

Conversion to SERPEC format  

The following stepwise approach was taken to transfer the IAC database into SERPEC 
format. The audit recommendations in the IAC database are classified in detail, using a five 
digit classification, with each digit adding detail to the previous digit descriptions. A five 
digit number of 2.2112, for example, holds a recommendation on the level of: 2 (Energy 
Management), 2 (Thermal Systems), 1 (Steam), 1 (Traps), 2 (Use Correct Size Steam Traps). 
For each of these measures, we retrieved from the IAC database: 

� The sum of the electricity and fuel use of all industrial sites where the specific 
measure is recommended (in energy units). 

� The electricity and fuel savings of the measures, summed over the number of times 
the recommendation is given (in energy units). 

� The specific implementation costs of the measures, summed over the number of 
times the recommendation is given (in US$).  

� Next, we grouped the measures at the three-digit level. All five-digit measures 
related to steam are thus grouped as one overall measure related to steam. In cases 
where the sample of IAC audits was not representative for a sector as a whole, e.g. 
because the audits focused on small companies, we applied a scaling factor.  

 

Three types of cross-cutting measures were distinguished, i) measures that reduce electricity 
use, ii)  measures that reduce fuel use and iii) measures that reduce both fuel and electricity 
use. Finally, all measures in the database were grouped according to the resulting measure 
classifications as shown in Table 2 and per PRIMES subsector.  All US currencies were 
converted to 2005 Euros. 

The cross-cutting measures were applied to new and existing production stock. 
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Table 6  C lassi f icat ion of  measures that  reduce e lectr i ci ty use,  fuel  use  or  both 

  Average electricity use savings Average fuel use savings 

Alternative Energy Usage General X X 

Ancillary Costs 
Shipping, Distribution, 
And Transportation  X 

Ancillary Costs Administrative X X 

Building And Grounds Lighting X X 

Building And Grounds Space Conditioning X X 

Building And Grounds Ventilation X X 

Building And Grounds Building Envelope X X 

Combustion Systems 

Furnaces, Ovens And 
Directly Fired 
Operations X X 

Combustion Systems Boilers X X 

Combustion Systems Fuel Switching X X 

Electrical Power Power Factor X  

Electrical Power Transmission X  

Electrical Power Demand Management  X 

Electrical Power Cogeneration  X 

Electrical Power Generation Of Power X X 

Electrical Power Cogeneration X X 

Industrial Design Systems X X 

Motor Systems Motors X X 

Motor Systems Air Compressors X X 

Motor Systems Other Equipment X X 

Operations Equipment Control X X 

Operations Maintenance X X 

Thermal Systems Heating X X 

Thermal Systems Heat Recovery X X 

Thermal Systems Heat Containment X X 

Thermal Systems Heat Treating X X 

Thermal Systems Steam X X 

Thermal Systems Cooling X X 

Thermal Systems Drying X X 
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Table 7 shows the overall energy savings and investment costs of the cross cutting measures 
identified in Table 6. On average, these measures save some 10% energy.  

 

Table 7  Savings  potent ia l s of  cross  cut t ing measures per  sector   

 Electricity Fuel 

 % savings Investment costs 
(€/GJ saved) % savings Investment cost 

(€/GJ saved) 

Chemicals 9.2% 25 2.9% 1 
Engineering 12.2% 22 6.6% 6 
Food, drink, tobacco 9.9% 22 6.4% 5 
Iron and steel 6.8% 12 12.7% 13 
Non Ferrous Metals 10.1% 20 8.7% 6 
Non Metallic Minerals 10.6% 43 10.3% 2 
Other Industries 10.7% 23 6.7% 3 
Pulp and Paper 9.0% 38 6.4% 4 
Textiles 6.2% 21 7.2% 4 

 

 

 



 

 20

 

2.3  Sector  wise  assessment   

 

2.3.1  Chemicals  

According to IEA, Eurostat and Primes statistics, the chemicals sector in the EU used some 
2300 PJ of final energy in 2005 (14% of industrial total). Additionally, the sector also 
incorporated 3400 PJ (Eurostat) of energy carriers into products. An example of this non-
energy use in the chemical sector is naphtha consumption in cracking facilities to produce 
olefins. The statistics vary largely between countries. Another complexity, is that refinery 
gasses that are produced as a side-product in such cracking operations, are used as fuels for 
other processes. These quantities are often not acknowledged separately in the various 
statistics, and therefore may lead to double counting. The most important subsectors in terms 
of energy use and CO2-eq emissions are the production of ammonia, urea, nitric acid, adipic 
acid, chlor alkali, olefines, aromatics and methanol. Measures that apply to these subsectors 
are described hereafter.  

 

Generic measures  

Cross cutting measures in the chemistry sector, see section 2.2, can reduce 9.2% electricity 
and 2.9% of fuels compared to the 2005 technology reference situation. A generic energy 
efficiency improvement of 30% was applied to all new production capacity in the chemistry 
sector, which is implemented at a rate of 2% per year at zero additional costs (see section 
2.1). Measures that are hereafter labelled as ‘new’, serve as illustrations of these generic 
savings numbers that we applied. Key data for the other (retrofit) measures presented 
hereafter, were used in the actual calculations.  

 
 

2 .3 .1 .1  Ammon ia  p roduc t ion   

 

New ammonia installations 

The BAT document defines energy consumption levels associated with BAT ranging from 
27.6 to 31.8 GJ for conventional reforming processes, processes with reduced primary 
reforming and heat exchange auto thermal reforming processes (BAT-inorgchem). For new 
installations based on steam-reforming of natural gas we assumed an overall energy 
consumption of 28 GJ/t-NH3 and corresponding CO2 emissions of 1.56 tCO2/tNH3 (Rafiqul 
et al., 2005). Compared to reference values for European production plants of 39 GJ/tNH3 
and 2.2 tCO2/tNH3 (Konghaug, 1998) the energy and CO2 savings are approximately 28%.   
 

Replacement of partial oxidation plants by steam-reforming plants 
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There are about 60 installations for the production of ammonia in the EU-27. Almost all of 
these plants use natural gas as feedstock and fuel. Only four of the European installations use 
oil products (i.e. naphtha and vacuum residual oils) as input for partial oxidation.  Replacing 
these  partial oxidation installations by production plants based on steam-reforming of natural 
gas, reduces energy consumption from 40 to 28 GJ/tNH3 (30%) and corresponding CO2 
emissions from 2.96 tCO2/tNH3 to 1.56 tCO2/tNH3 (47%) (Rafiqul et al, 2005; IPPC, 2001b).  

 
Improvement options for ammonia production 

All data presented below are based on Rafiqul et al (2005). With natural gas as fuel 1GJ of 
energy savings per tonne of ammonia relates to 0.065 tonne of CO2 reduction.   

 
1. Ammonia – improvements in the reformer section 

In the conventional steam reforming process, energy savings can be achieved in various ways 
such as increased pre-heating, the use of enriched air and the installation of a pre-reformer. 
Large improvements in the reformer can save 4 GJ/t ammonia (11%) and moderate 
improvement of 1.4 GJ/t ammonia (4%). The large improvements can be achieved at 
additional investments costs of 24 €/t and moderate improvements at additional investment 
costs of 5 €/t ammonia. We assumed a 10% implementation for large improvements and 20% 
implementation for moderate improvements in 2020 and 2030.  
 

2. Ammonia – improvements in the carbon dioxide removal section 

The CO2 removal section of the ammonia plant consumes a significant quantity of energy. 
Considerable energy savings can be achieved via new solvents or via the use of membranes. 
Such measures can save 0.9 GJ/t ammonia (2.5%) at additional investment costs of 15 €/t 
ammonia. We assumed a 30% implementation in 2020 and 2030.  
  
3. Ammonia – low pressure ammonia synthesis 

The use of improved catalysts allows the use of lower pressures in ammonia synthesis, which 
could save 0.5 GJ/t ammonia (1.5%) at additional investments costs of 6 €/t ammonia. This 
measure can be applied in 90% of the ammonia plants in Europe.  
 
4. Ammonia – improved process control 

Improved process control can also contribute to energy savings in ammonia production 
facilities. We assumed savings of 0.7 GJ/t ammonia (2%), that can be obtained at additional 
investments costs of 6 €/t ammonia. This measure is applicable in 30% of the plants in the 
EU. 
 
5. Ammonia – improved process integration 

Further improvements in energy efficiency can be made via heat exchange reformers and co-
generation of heat and power the application of which is site-specific. Such measures can 
save 3 GJ/t ammonia (9%), at additional investment costs of 30 €/t ammonia. We assume that 
this measure is applicable in 10% of the plants in the EU. 
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2 .3 .1 .2  Urea  p r oduc t i on   

 

New urea production installations 

The state of the art production process "Urea 2000plus™" of Stamicarbon consumes 3.1 GJ/t 
urea of high pressure steam and 0.03 MWh/t urea of electricity. This process exports 0.5 GJ/t 
urea of low pressure steam which results in an overall fuel consumption of 2.6 GJ/t urea and 
0.03 MWh/t urea of electricity (Stamicarbon2000plus). Compared to the reference of 3.7 GJ/t 
urea and an electricity consumption of 0.083 MWh/t urea (IPTS, 2008) the new production 
installations can save 40% on final energy use. Assuming natural gas as fuel, this 
corresponds to direct CO2 emissions savings of 24% per tonne of urea.  

 
Improvement options for Urea production:  revamping existing units 

Urea plants can undergo various revamping measures such as the use of advanced stripping 
technology and novel process concepts. A summary given in IPTS (2008) shows that such 
revamping operation can result in very significant fuel and electricity savings of up to 30%.  
 
As reference for 2005 we assume an average consumption in European urea plants of 3.7 
GJ/t urea in fuel and 0.083 MWh/t urea in electricity (IPTS, 2008). Literature gives the 
following ranges for energy savings and costs of revamping:   

� The investment cost for revamping an existing urea plant in India at the end of the 
1990's was about 35 $ per tonne of annual urea production capacity (Vaish and 
Sarkar, 1998). 

� The investment cost for revamping a urea plant in Belarus in the 2000 was about  70 
€ per tonne of annual urea production capacity (GrodnoAzot, 2005). The operator of 
this plant claims a payback time of 2.2 years for the revamping investment.   

� Investment of revamping an urea plant with pool condenser/stripper technology was 
reported at costs of 23 €/t urea and energy savings of 1.1 GJ/t urea of steam 
(Stamicarbon, 2004). 

� By applying the so-called ACES 21 concept of Toyo Engineering Corporation about 
1.2 GJ/t urea of steam can be saved which comes with an investment cost of 20-30 
$/t urea (Sakata and Yanagawa, 2002). 

� In another example of revamping an existing plant by applying the ACES 21 
concept, the energy consumption to produce one tonne of prilled or granulated urea 
was reduced by 1.5 GJ/t urea to 1.67 GJ/t urea. Within this example a net 
consumption of 3.15 GJ/t urea of steam and about 0.65 GJ/t urea of electricity was 
demonstrated (Sakata and Yanagawa, 2002). 
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In summary, we assumed that revamping existing urea plants can reduce fuel consumption to 
2.9 GJ/t urea (22%) and electricity to 0.055 MWh/t urea (34%) and can be realised at  50% of 
all existing urea production facilities, in 2020 and 2030,  at a cost of  30 €/t urea.  
 
 

2 .3 .1 .3  N i t r i c  ac id  p r oduc t i on   

 

Increasing heat recovery  

Substantial amounts of heat can be recovered from the nitric acid production process, which   
highly exothermal. Indeed, a technology shift from single pressure plants to dual pressure 
plants has improved the energy efficiency of the nitric acid process significantly in the last 
decades. As a result, excess steam is used much more efficiently on the production site, can 
be sold to neighbouring facilities or used for electricity production. Energy recovery in such 
dual pressure plants amounts to around 2.4 GJ/tHNO3 (Kongshaug, 1998; Wiesenberger and 
Kircher, 2001; Worrell and Blok, 1993), as compared to around 1.6 GJ/tHNO3 in the 
reference situation (Kongshaug, 1998). 

We assumed that this improvement still applies to 20% of nitric acid plants in the EU15 and 
to 50% in the 12 countries that joined the EU in a later phase.   

 

Costs estimates of heat recovery measures in the nitric acid production are only available 
from old references (CADDETrecov, 1993), which we re-estimated at 12-18 €/GJ steam.  

 

 
Reduction of nitrous oxide in existing and new plants 

During the production process of nitric acid, nitrous oxide (N2O) is emitted. On average, 
European plants emit in the range of 6 – 7 kg N2O per tonne of nitric acid (1.9 – 2.2 tCO2-eq 
per tonne of nitric acid) (IPPC, 2001b; Jenssen, 2004; Infomil, 2001; Kongshaug, 1998). 
Several abatement technologies for the reduction of nitrous oxide emissions from nitric acid 
plants exist which can be classified as follows (IPPC, 2003; Infomil2001; Groves and 
Maurer, 2004): 

� Primary measures; these reduce the formation of nitrous oxide within the catalytic 
oxidation of ammonia. Reductions of 30 – 40 % of nitrous oxide are achievable; 

� Secondary measures; these measures refer to a removal of nitrous oxide from the 
process gas stream between the outlet of the ammonia oxidation and the inlet of the 
absorption tower. Removal of nitrous oxide to a level below 2.5 kg N2O per tonne of 
nitric acid is achievable.  

� Tertiary measures; these measures refer to reduction of nitrous oxide after the 
absorption process (End-of-Pipe techniques). In particular, non-selective catalytic 
reduction allows reduction of nitrous oxide well below 0.5 kg N2O/tHNO3. However, 
tail gas temperatures in excess of 250°C are currently still required.   
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The BAT N2O emission level for new plants is set in a range of 0.12 – 0.6 kgN2O/tHNO3 and 
for existing plants at 0.12 – 1.85 kgN2O/tHNO3 (BAT-inorgchem).  
 
As reference, average nitrous oxide emissions of 6.5 kg N2O per tonne of nitric acid is 
assumed for the EU. For 2020 we assumed average emissions of 0.5 kg N2O per tonne of 
nitric acid and for 2030 0.2 kg N2O per tonne of nitric acid. The additional costs for these 
abatement technologies are estimated < 1 €/tCO2-eq (Infomil, 2001; IPPC, 2001b).  
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2 .3 .1 .4  Ad ip ic  ac id  p roduc t i on   

 
Improvements Adipic acid production in existing and new plants 

A basic organic chemical with particularly significant greenhouse gas emissions in its 
production process is adipic acid. Adipic acid is mainly used for the production of polyamide 
66 (e.g. Nylon®). The synthesis of adipic acid includes the two-stage oxidation of 
cyclohexane (from benzene) to cyclohexanone and subsequent nitration (using nitric acid). 
An alternative route uses phenol as feedstock.  

Energy consumption for the production of adipic acid is 25.7 GJ of steam, 1.2 GJ of fuel and 
5.2 MWh of electricity per tonne of adipic acid. The nitration process releases substantial 
quantities of nitrous oxide (N2O) which amount to about 0.3 tonnes of N2O per tonne of 
adipic acid (BAT-orgchem). However, N2O can be very efficiently abated. Similar abatement 
technologies as in the production of nitric acid are applied, which can reduce emissions of 
N2O on average by 95%. Implementation of this abatement technology can also reduce 
energy consumption with 10%. 

From the 2005 N2O emissions from adipic acid plants, it can be derived that in 2005 already 
90% of installations were equipped with these reduction techniques and further reduction 
applies to the remaining 10% of the installations.  

 

Abatement cost are about 45 € per tonne of N2O or about 0.15 € per tonne of CO2-equivalent, 
including the impact of fuel savings, the measure becomes cost effective at 0.5 € per tonne of 
CO2-equivalent. 
 

2 .3 .1 .5  Ch lo r  a l ka l i  p roduc t i on    

 

Improvements in the chlor-alkali process  

There are three production technologies to produce chlorine (Cl2) sodium hydroxide (NaOH) 
or potassium hydroxide (KOH), by electrolysis of a salt solution (NaCl or KCl): the amalgam 
process, the diaphragm process and the membrane process. Their energy data and market 
shares are give in Table 8.  

Table 8  Key data for  ch lor  alkal i  product ion technologies  

 
Electricity 
demand 

KWh/t product 

Steam 
demand 

GJ/t product 

Market share 
at end of 

1990s 

% replaced 
(2030) by 

membrane 
technology 

Amalgam 
process 3560 - 55% 50% 

Diaphragm 
process 2970 6.7 22% 50% 

Membrane 
process  2790 2 23% - 
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We assumed that by 2030 half of the plants with the (currently dominating) amalgam 
technology will be replaced by membrane technology. This is mainly motivated by 
environmental policies already in place (i.e. EU mercury strategy). The cost to convert a 
mercury plant to a membrane technology is estimated at 400 €/t chlorine capacity. In addition 
we assumed that by 2030, 50% of the diaphragm process will have shifted to the membrane 
process, because of its significantly lower electricity and steam consumption.    
 

2 .3 .1 .6  Ole f in es  p roduc t i on    

 
The most commonly produced olefines are ethylene, propylene and butadiene. Olefines are 
produced by cracking methane or crude oil fractions like naphta. Over 85% of the olefines 
production is used for the production of polymers.   

 
New steam cracking units for olefines production   

The energy use of new steam cracking units can be considerably lower than the EU-average 
performance of steam crackers today, see Table 9 (Phylipsen, 1998). 

 Table 9 key data for  improved steam cracker  energy per formance (Phyl ipsen,  

1998)  

 Steam cracking of 
naptha 

Steam cracking 
of gasoil 

Steam cracking of ethane 

Reference energy use (GJ/t 
ethylene) 35.5 47 22 

State of the art  technology 
(GJ/t ethylene) 21 24.8 13.8 

Energy savings and CO2 
(%) 41% 47% 37% 

 

 

2 .3 .1 .7  Aromat ic s  p r oduc t ion    

 
New benzene from pygas units 

Benzene is mainly produced from crude oil processing in refineries. The most important 
sources for the industrial benzene production are pygas from steam cracking (see olefines), 
catalytic reforming and toluene hydrodealkylation

2
 (HDA).  

Steam cracking of heavier hydrocarbons produces ethylene and propylene fractions (see 
above) as well the by-product pygas (pyrolysis gasoline) which contains typically about 40% 
benzene and 20% toluene.  

                                                      
2  Hydrodealkylation converts toluene by reaction with hydrogen into benzene. 
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As reference for 2005 we assume an average consumption in European benzene plants (from 
pygas) of 2.9 GJ fuel, 7.8 GJ steam and 0.03 MWh electricity per tonne benzene. The energy 
consumption achievable for the production of one tonne of benzene with best available 
technique from pygas is estimated at 0.7 GJ fuel (corresponds to 0.05 tCO2/t Benzene), 7.1 
GJ steam and 0.03 MWh of electricity (IPTS, 2008).  
 

 

New benzene from reformate units 

Catalytic reforming restructures the hydrocarbon molecules of the heavy naphtha feedstock. 
As a result, the yielded reformate product contains significant amounts of aromatics. 
Typically reformate contains 12%-23% benzene, 23%-48% para-xylene and up to 30% 
toluene.  

As reference for 2005, we assume an average energy consumption in European benzene 
production plants (from reformate) of 1.5 GJ/t benzene in fuel, 15 GJ/t benzene in steam and 
0.04 MWh in electricity (IPTS, 2008). The energy consumption achievable for the 
production of one tonne of benzene with best available technique from a reformate plant is 
estimated at 1.1 GJ of fuel gas (corresponds to 0.08 tCO2/t Benzene), 12.0 GJ of steam and 
0.03 MWh of electricity (IPTS, 2008). 

 

2 .3 .1 .8  Methano l  p roduc t i on    

 
New steam reforming methanol capacity  

The average current energy consumption and CO2 emissions of methanol production by 
steam reforming of natural gas is 12.5 GJ[M1]  and 0.44 tCO2 per tonne of methanol 
produced, excluding the non-energy methane use in this process  which corresponds to 19.9 
GJ/tonne of methanol (Neelis, 2008). State of the art methanol production based on steam 
reforming of natural gas can be achieved by using 9.4 GJ of natural gas, 0.025 MWh of 
electricity per tonne of methanol produced (Appl, 1997) 
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2 .3 .1 .9  Ca rbon  cap tu re  and  s t o rage   

 
The CCS-chain consists of: 
1. Capture and compression and/or liquefying at the emissions source (CO2 ready for 

transport)  
2. Transportation of CO2 to an appropriate storage location (ship or pipeline).  
3. The injection of carbon dioxide in an underground reservoir (deep saline aquifers, 

depleted hydrocarbon fields, enhanced hydrocarbon recovery by CO2 injection, 
enhanced coal bed methane recovery by CO2 injection) 

 
While CO2 capture technologies can theoretically be applied to all industrial CO2 emissions, 
the cost of the complete CCS-chain is very uncertain, and varies dependent on geographical 
and technical circumstances.  
 
In general, the highest costs are in step 1; the capture. However, for (near) pure CO2 –streams 
in industry these capture costs are low. Examples are ammonia and hydrogen production and 
gas processing facilities. The total emissions of such sources in the EU in 2005 were 29 Mt 
CO2.   
 
We estimated that capture, transport and storage of CO2 from these sources could occur in an 
overall range between 10 and 40 €/tCO2 (IPPC, 2005) and set an average price of 25 €/tCO2

3.  
For other, less-pure, CO2 emissions, we did not consider CCS.  
 

 

 

 

 

 

                                                      
3 Calculated against 4% discount rate as used in our social cost approach decreases costs to 20 €/tCO2 



 

 29

 

2 .3 .2  I ron  & s tee l  

 

The iron and steel production sector in the EU used some 2500 PJ of final energy (Eurostat, 
Primes) including energy conversion steps in cokes plants and blast furnaces. This 
consumption represents some 16% of industrial total consumption. The most important 
subsectors in terms of energy use and CO2-eq emissions are the production of primary iron 
and steel from virgin ore, versus the production of secondary iron and steel from scrap. 
Measures that apply to these subsectors are described hereafter.  

 

Cross cutting measures in the iron and steel sector, see section 2.2, can reduce 6.8% 
electricity and 12.7% of fuels compared to the 2005 technology reference situation. A 
generic energy efficiency improvement of 30% was applied to all new production capacity in 
the chemistry sector, which is implemented at a rate of 2% per year at zero additional costs 
(see section 2.1). Measures that are hereafter labelled as ‘new’ serve as illustrations of these 
generic savings numbers that we applied. Key data for the other (retrofit) measures presented 
hereafter, were used in the actual calculations.  

 

2 .3 .2 .1  P r imary  i r on  &  s t ee l  p roduc t i on   

 

New: Advanced Blast Furnace  

This route consists in replacing the hot air injected in the blast furnace by pure oxygen, 
recycling of the top gas into the furnace and capture and storage of CO2 from the furnace top 
gas. A proportion of the coke used in the process can be replaced with gas. Unlike the 
conventional BF route, there is no electricity auto-production, which results in higher 
electricity demand. This process is expected to be ready for commercialisation by 2015 and 
will be available both for new plants and for retrofitting. It offers the perspective of a 20% 
reduction in fossil fuel consumption as well as a potential reduction in CO2 emissions of up 
to 63%, due to application of CCS. Electricity consumption increase strongly (+600%), 
however the associated indirect CO2 emission increase is only 15% of the direct CO2 
reductions.      

 

Additional costs and implementation 

Additional investment costs were set at 10 – 12 € per tonne of liquid steel. O&M costs for 
this technology are expected to reduce slightly by 1 € per tonne of liquid steel per year 
compared to the reference technology. The measure is applied to retrofit 5% of capacity in 
2020 and 2030. 
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Various blast furnace improvements  

This measure encompasses various individual measures to improve blast furnace operation 
such as improved process control, improved heat recovery in the hot blast stove and 
increased injection of alternative fuels. According to expert judgements, these measures can 
save approximately 2% energy per tonne of steel. Additional investment costs for this 
measure are estimated at 3 €/t steel. No detailed information was available on the technical 
state of the integrated iron and steel plants in EU-27. For most EU countries the 
implementation potential was set at 100%, for a few Member States more detailed 
information on present implementation was used to estimate the remaining implementation 
potential at 50%.  
 

Basic oxygen furnace gas recovery 

This measure refers to (increased) use of the gas that is produced in the basic oxygen furnace 
that converts pig iron into primary steel.  It is estimated that this measure can save 
approximately 4% of energy per tonne of steel. Additional investment costs for this measure 
are estimated at 13 €/t steel. For eastern- EU countries the implementation potential was set 
at 100%, for a number of Member States more detailed information on present 
implementation was available and used to estimate the remaining implementation potential at 
30 to 70%.  
 

2 .3 .2 .2  Seconda ry  i r on  &  s t ee l  p roduc t i on   

 

Electric arc furnace improvements 

This measure refers to various individual measures that can be taken to improve the overall 
performance of electric arc furnaces such as process control, efficient transformers, foamy 
slag and eccentric bottom tapping.  According to expert judgements, these measures can save 
5% on electricity consumption. Additional investment costs for this measure are estimated at 
6 €/t steel. For eastern- EU countries the implementation potential was set at 100%, for a 
number of Member States more detailed information on present implementation was 
available and used to estimate the remaining implementation potential at 30 to 70%.  
 

New Direct Reduced Iron technology (DRI) 

The process consists of the reduction of iron to metallic iron in the solid state using a 
reduction agent such as gas. The solid product is called Direct Reduced Iron (DRI). 
Compared to the blast furnace, the direct reduction unit uses natural gas or coal and bypasses 
the need for coke preparation, which significantly reduces emissions. However, because 
direct reduction reduces iron ore in the solid state, the product contains larger amounts of 
gangue or impurities in the iron, which have to be removed separately. This can increase the 



 

 31

electric power consumption of the EAF significantly. Measures to avoid or minimise gangue 
should be investigated.  This process roughly allows for a 71% reduction in emissions 
associated with a 38% reduction in fossil fuel consumption. A carbon dioxide capture system 
can also be added for further reductions in emissions. This can achieve up to 95% CO2 
emission reduction. Electricity consumption of this process can be a factor nine higher than 
for the blast furnace. The increase of electricity related CO2 emissions, however, is limited 
compared to the decrease of direct CO2 emissions. Direct reduction has been commercialised 
since the 1970’s but high costs have restricted its penetration in the iron and steel industry in 
Europe. In the future, DRI could prove to be a high quality alternative to using scrap as an 
input in secondary steel production.  
 

Near net shape casting in integrated steel plants and electric arc furnaces 

This measure refers to the casting of crude steel close to its final shape, thereby reducing 
electricity and fuel demand in casting and rolling steps. The measure can save 5% electricity 
(per tonne of steel, electric arc furnaces) and 2% of fuel per tonne of steel (blast furnaces).  

Additional costs are estimated at 90 €/t steel with reduced O&M costs of 19 €/t steel. No 
detailed information was available on the technical state of both, electric arc steel and 
integrated steel production. We assume this measure to be applicable to 50% of the existing 
steel production capacity.  



 

 32

 

2.3.3  Non-fer rous meta ls  

 

The non-ferrous metals production sector in the EU used some 500 PJ of final energy 
(Eurostat, IEA, Primes). This consumption represents some 3% of industrial total 
consumption. The most important subsectors in terms of energy use and CO2-eq emissions 
are the production of aluminium, zinc and copper. Measures that apply to these subsectors 
are described hereafter.  

 

Cross cutting measures in the iron and steel sector, see section 2.2, can reduce 10.1% 
electricity and 8.7% of fuels compared to the 2005 technology reference situation. A generic 
energy efficiency improvement of 30% was applied to all new production capacity in the 
chemistry sector, which is implemented at a rate of 4% per year at zero additional costs (see 
section 2.1). Measures that are hereafter labelled as ‘new’ serve as illustrations of these 
generic savings numbers that we applied. Key data for the other (retrofit) measures presented 
hereafter, were used in the actual calculations.  

 
 

2 .3 .3 .1  Alum in ium p roduc t i on   

 

New Aluminium production technologies 

Currently, all new Aluminium plants are designed according to Point Fed Prebake (PFPB) 
technology. From 2015 the new technologies of Prebake Reduced Temperature Electrode 
(PBRTE) and from 2020 on of Prebake Anode (PBANOD) will become available. Compared 
to the PFPB technology, the PBRTE technology saves up to 20% of electricity and 23% of 
direct CO2 emissions compared with PFPB. PBANOD saves over 30% of electricity and 
more than 80% of direct CO2 emissions, compared to PFPB (Zheng and Soria, 2007). 

 
Retrofitting aluminium production to Point Fed Prebake technology 

The IPTS aluminium model (Zheng  and Soria , 2007) assumes that the first improvement in 
the primary aluminium industry advancement is to replace current technologies with the 
Point Fed Prebake technology (PFPB). Other technologies, Vertical Stud Søderberg (VSS), 
Centre-Worked Prebake (CWPB) and Side-Worked Prebake (SWPB), are expected to be 
gradually replaced by PFPB. Only 20% of the existing plants had not yet been upgraded to 
PFPB in EU27. Key data are shown in Table 10. Note that associated F-gas emissions 
reductions are discussed in the SERPEC report on F-gases. 
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Table 10 Key data for  retrof i t t ing alumin ium product ion  

Measure Electricity 

savings 

Costs 

(mln €/kt aluminium) 

VSS to PFBP 5% 3 

CWPB to PFBP 1% 0.5 

SWPB to PFBP 2% 0.5 

 

In a second stage, two further technologies, PBRTE and PBANOD are expected to emerge 
from 2015 and 2025, respectively (see next section).  
 

Retrofitting from PFPB to PBRTE 

Currently the electrolysis is performed at an average temperature of 1220K which is far 
above the melting point of aluminium (933K), which implies a high heat loss. Several 
approaches for temperature reduction have been investigated and the promising results come 
from new additives for electrolytes.  Prebake Reduced Temperature Electrode Technology 
(PBRTE) ensures a lower electrolysis temperature by using new additives for the 
electrolytes. Theoretically, a reduction of temperature to around the melting point could 
decrease electricity use by 1-1.5 kWh/kg. Here we assumed that this option could become 
available in 2015, saving some 17% of electricity compared PFPB reference. An additional 
quantity of CO2 is saved as a result from reduced electrode use. 

We assumed that 50% (2020 and 2030) of PFPB capacity can be retrofitted to PBRTE. Cost 
data were not available and therefore set to zero additional costs.  
 

Retrofitting from PFPB to PBANOD 

Process is a major potential advancement in primary aluminium production. Energy 
efficiency could improve by 10 – 25%. When an inert anode is combined with the wettable 
cathode, even higher efficiency gains can be achieved. Though such Prebake Anode 
technology (PBANOD) is not yet on the market, it may well be available in 2030. Compared 
to the PFPB reference, this option saves 34% electricity and 80% of CO2 emissions. The 
latter largely results from the fact that no anode-CO2 will be generated in the electrolysis 
process. We assumed that this measure can be applied to 50% of total PFPB capacity in 
2030. Cost data were not available and therefore set to zero additional costs. 

 

2 .3 .3 .2  Z inc  p roduc t ion   

 
Zinc electrolysis 

The main primary production processes of zinc in the EU are the electrolytic process 
(including roasting) and the Imperial Smelting Furnace process (ISF).  The Electrolytic 
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process accounts for about 80% and the ISF process about 20% of the primary zinc 
production in the EU.  An average total electricity consumption of 4.1 MWh per tonne of 
zinc is used as the reference case (IPPC, 2001a). Total electricity consumption could be 
decreased by about 0.4 MWh per tonne of zinc (10%) by reducing the current density of the 
electrolysis process.   
 
Increased steam recovery  

The electrolytic process of zinc primary production consists of several steps. Firstly, 
sulphidic zinc ores are roasted. The SO2 that is released in the roasting step is used to 
produce sulphuric acid. Secondly, the zinc solution is leached and purified. Finally, zinc 
metal is refined by electrolysis.  

 

The roasting process is an exothermic process which generates steam. About 40 – 50 % of 
the steam is re-used within the electrolytic process.  According to a survey of some zinc 
plants end of the 1990's, steam production ranged from 5 GJ – 9 GJ per tonne of zinc, of 
which about 2.5 GJ – 3.6 GJ of steam per tonne of zinc was recovered [BAT-nonferrous]. 
We assumed that a further 35% increase in recovery is feasible (1.4 GJ/t Zinc). 

 

2 .3 .3 .3  Copper  p roduc t i on   

 

New primary copper production technologies  

The reference electricity consumption in the copper production process is estimated at 6.8 
GJ/t and the fuel consumption in energy use is estimated at 10.2 GJ/t. These figures serve as 
the basis of calculation in PRIMES, which estimates the energy intensity of copper 
production at 17GJ/t. Reducing energy consumption and CO2 emissions of the copper 
production will most probably be achieved by a combination of  retrofitting the current 
installations of the pyrometallurgical route (mainly the so-called Outokumpu process) with 
state of the art technology or building new plants that use the hydrometallurgical route, for 
instance the energy efficient HydroCopper™ process. We estimated that future average 
consumption of these technologies from the figures of the Harjavalta plant (Finland, 
FinBATcop199):  5.4 GJ/t of fuels and 0.96 MWh/t of electricity, resulting in 49% electricity 
savings and 47% fuels savings.  
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2 .3 .4  Non-metal l i c  minerals  

 

The non-metalic minerals production sector in the EU used some 1750 PJ of final energy 
(IEA, Eurostat, Primes). This consumption represents some 11% of industrial total 
consumption. The most important subsectors in terms of energy use and CO2-eq emissions 
are the production of cement, glass and ceramics. Measures that apply to these subsectors are 
described hereafter.  

 

Cross cutting measures in the iron and steel sector, see section 2.2, can reduce 10.6% 
electricity and 10.3% of fuels compared to the 2005 technology reference situation. A 
generic energy efficiency improvement of 40% was applied to all new production capacity in 
the chemistry sector, which is implemented at a rate of 2% per year at zero additional costs 
(see section 2.1). Measures that are hereafter labelled as ‘new’, serve as illustrations of these 
generic savings numbers that we applied. Key data for the other (retrofit) measures presented 
hereafter, were used in the actual calculations.  
 

2 .3 .4 .1  Cement  p roduc t i on  

 
Retrofitted kilns 

Depending on the process and the kiln type, the fuel use for clinker making ranges from 3 to 
6.5 GJ/t clinker, Table 11 (BAT-cement). The CO2 intensity of cement ranges from 0.65 to 
0.92 tCO2/t of cement. Half of CO2 emissions in clinker making are due to the chemical 
reaction in clinker production, which are not affected by energy efficiency and fuel 
switching.   

Table 11: Fuel  Energy Use in  cement manufactur ing in  EU25 (2005, BAT-cement) 

Process Specific thermal energy demand (MJ/t clinker) 

Dry process, multistage (three to six stages) 
cyclone preheaters and precalcining kilns. 3000 – 3953 

Dry process rotary kilns equipped with cyclone 
preheaters. 3100 – 4200 

Semi-dry/semi-wet processes (Lepol kiln) 3300 – 5400 
Dry process long kilns. up to 5000 
Wet process long kilns. 5000 – 6400 
Shaft kilns and production of special cement. 3100 – 6500 and higher 

 
In the European Union, the average energy consumption per tonne of cement is currently 3.7 
GJ per tonne. Cement producers are gradually replacing conventional dry kilns incorporating 
pre-calcining and six-step pre-heaters. This trend is likely to continue. Efficient pre-heater 
and pre-calciner kilns use approximately 2.9 - 3.1 GJ of energy per tonne of clinker (IEA, 
2007). Key energy and costs data are show in Table 12.   



 

 36

 

 Table  12 Key energy and costs data for cement industry (IEA, 2007) 

Measure Code 

Reference 
fuel use 

(GJ-fuel/t 
clinker) 

Reference 
electricity 

use 

Fuel use 
dry 

precalciner 
(GJ-fuel/t 
clinker) 

Electricity 
use of dry 

precalciner 
(KWh/t 
clinker) 

% of 
production 

capacity 
affected 
(2030) 

Costs* 
(€/t 

clinker) 

Wet to dry 
precalciner 

Wet-
DRPC 3.94 137 2.9 81 4 147 

Semi-dry to dry 
precalciner 

Semi-
Dry 
DPRC 

3.2 106 2.9 81 5 38 

Dry-preheater to 
dry precalciner  

PRPH-
DRPC 3.1 85 2.9 81 20-30 38 

Dry-long to dry 
precalciner 

DRLY-
DRPC 3.94 137 2.9 81 1 38 

* source: IPTS (2008) 

 

Clinker kiln improvements 

Small kiln improvements include the installation of combustion controls, kiln shell heat loss 
reduction and improved operation of the clinker cooler. The potential reduction in fuel use of 
this measure is 0.1 GJ/t clinker (3%) with investment costs of 1 € per tonne clinker (IPTS, 
2008).  We assumed that this measure can be applied to all existing cement production 
facilities. 
 

Switch to waste fuels  

In Europe, substitution of traditional fuels by waste fuels is increasing sharply, rising from 
3% in 1990 to 17% today. Cembureau estimates a further growth to 52% in 2030. Key data 
are shown in Table 13. The overall CO2 savings from this measure are 9%. We assumed 2 € 
per tonne cement additional investment cost for this measure.   
 

Table 13 Key data for  fu r ther  implementat ion of waste fuels in  cement product ion  

Reference fuel 
consumption 
(GJ/t cement) 

Substitution by 
waste fuels (% 

in 2030) 

Caloric value of 
waste (GJ/t 

waste 

CO2 savings 
(kg CO2/t 
waste)* 

Resulting CO2 
savings kg/ t 

cement 
3.1 50 20 700 0.06 

* Cembureau (1999) reports a range of 601-967 kg CO2/t waste fuel, dependent on the type of fuel  

 

Reducing the cement clinker ratio  

The CO2 emissions associated with the final product of cement can be reduced by lowering 
the clinker content of cement. This can be done by increasing the use of secondary products 
with similar properties to clinker as substitutes, such as fly-ash, blast-furnace slag or natural 
pozzolana. The current average clinker content in cement in the EU is 82 %. IEA (2006) 
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reports that a 50% clinker/cement ratio is possible while maintaining product 
quality/performance and without increasing costs. Here, we assumed that a 65% ratio in 2030 
is more realistic. Key data are summarized in Table 14  
 

Table 14 Key data for  reduc ing the c l inker/cement rat io 

 Clinker/cement 
ratio 

GJ/t cement 
t-CO2/t 
cement 

Additional 
investment 
costs (€/t 
cement) 

Additional 
O&M costs 

(€/t 
cement/year) 

2005 0.82 3.64 0.74   

2030 0.65 2.91 0.60 200 -50 

  
 

Electricity savings in cement manufacturing 

Reduction in electrical energy use in the cement sector can be achieved via different 
measures such as the utilization of energy efficient equipment of the grinding operations, 
installations of power management system, improved monitoring etc. Current electricity use 
can be reduced with some 15 kWh/t cement (IPTS, 2008) to arrive at current best practice 
electricity use of 80-90 kWh/t of clinker (IEA, 2007). Investment costs are 2 € per tonne 
clinker. We assumed that this measure can be applied to all existing cement production 
facilities.  
 

2 .3 .4 .2  Glass  p r oduc t i on  

 

Fuel Switch in the Glass Sector 

On average, the current EU glass sector uses a fuel mix of 60% gas, 20% oil and 20% 
electricity (ODYSSEE, 2004 data). Towards 2030, we assumed a total phase out of oil use in 
the glass industry. The cost for modifications needed to furnaces is assumed 5 € per tonne. 

Table 15 Key data for  fuel  switch in  glass  sector  (IPTS,  2008) 

 Gas oil Electricity 
Indirect and direct 
CO2 emissions /t 

glass 

Additional 
costs 

Current 60 20 20 0.074 5 € per 
tonne 

2030 85 - 15 0.067 5 € per 
tonne 

 
 
Improved glass furnaces 

The lifetime of flat glass furnaces is about 8 - 12 years, after which they are retrofitted or 
replaced (IPPC, 2008). In the glass industry, a wide variety of furnace types are applied such 
as regenerative, recuperative furnaces and electric and oxy-fuel furnaces. Based on IPTS 
(2008) we derived two generic ‘improved glass furnace’ measures:  
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� for container glass the energy use of the best available technology furnace 
technology was estimated at 6.0 GJ/t glass, compared to and average 7.4 GJ/t glass in 
2005. 

� for flat glass the energy use of the best available technology furnace technology was 
estimated at 7.4 GJ/t glass, compared to and average 10.1GJ/t glass in 2005. 

By weighing relative to the market share of container glass (62%) and flat glass (29%) we 
arrived at a reference energy use of 7.5 GJ/t glass and a best available technology estimate of 
5.9 GJ/t glass (21% energy savings).  

Costs for this improvement are estimated at 200 €/t glass. This measure applies to all glass 
furnaces in 2020 and 2030.  

 
 
Preheater for container glass production 

Virgin raw materials and cullet are usually fed cold into the furnace. However, by using 
residual heat of the waste gases to preheat the raw materials and cullet, significant energy 
savings can be achieved. The use of preheaters is only considered as feasible for the 
container glass production, with its typically high cullet rates. The recovered waste heat is 
about 0.28 GJ/t where the overall energy consumption of the furnace is about 3.78 GJ/t 
(HVG, 2007). This corresponds in energy savings of 7.4% of the furnace fuel consumption.  
The installation cost of a preheater are estimated at €1 million. We estimate that 40 % of the 
capacity in the container glass production can be retrofitted with batch preheater systems in 
the next two decades.  
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2 .3 .4 .2 .1  Ceram ics   

 
Improved kilns  

Several different measures apply to kiln/dryer systems individually or in combination to 
reduce the energy intensity of ceramics production, for example the replacement of 
inefficient kilns (e.g. down-draft kilns), and installation of new, adequately sized tunnel or 
shuttle kilns or fast-firing kilns (for instance roller hearth kilns). 

Table 16 Key data for  ki ln  improvements in  ceramics sector  (BAT-ceramics)  

 

Reference 
energy use 

kilns 
(GJ/t product) 

Best practise 
kilns (GJ/t 
product) 

Percentage 
of total 

ceramics 
market 

Additional 
investment 

Costs 
(€/t product) 

Bricks and roof tiles 2.31 1.7 60% 

Wall and floor tiles 5.6 4.0 30% 

Refractory products 5.6 4.7 5% 
30 

 

Bricks and roof tiles 

For continuous brick production in a tunnel kiln using admixed coal, pulverized coal or 
natural gas, the current energy requirement is reported at 2.04 to 3.51 GJ/t, with an average 
value of 2.3 GJ/t in 2003 (BAT-ceramics). The implementation of improved kilns and dryers, 
according to (IEA, 2007), may lead to the reduction of energy consumption from 2.31 GJ/t to 
2 GJ/t. However, the energy intensity of the production of bricks and roof tiles has already 
reached 2.0 GJ/t in Italy and 1.69 GJ/t in Austria. Therefore, the average energy intensity of 
brick and roof tiles production for the whole EU in 2030 was assumed at the level of the best 
existing energy intensity, 1.69 GJ/t (Table 16). 

 

Wall and floor tiles and refractory products 

(IEA, 2007). According to IEA (2007) the energy savings potential for improved kilns varies 
between 10% for countries with modern tunnel kilns to 30% for the countries that use 
outdated intermittent kilns. Therefore, we applied an average energy efficiency improvement 
of 15%. We assumed a 100% implementation of these measures in each of the subsectors in 
2020 and 2030.  
 

Fuel switch  

The ceramics sector still uses to some extend liquefied petroleum gas and coal for firing. As 
detailed data on the fuel mix of this sector were not available, we took 1998 data for 
Germany as a reference. The switch from heavy fuels to gaseous fuels leads to an improved 
firing efficiency and CO2 emissions. For 2030 we assumed a nearly full switch to gas with no 
additional costs. The CO2 savings are the result of the difference in emission factor between 
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the fuels. Small changes in the specific energy consumption induced by the fuel switch were 
not taken into account. Key data are given in Table 17.   

Table 17 Average ceramics sector  fuel  mix (set  equal  to Germany,  1998 data 

BAT-ceramics) 

Sector Natural gas Fuel oil Heavy fuel oil Other 
% CO2 savings 

by switch to 
99% gas 

Bricks and roof tiles 88.6 5.3 5.3 0.8 4% 

Wall and floor tiles 98.1 1.1 0.8 0.0 0% 

Refractory products 90.2 7.3 0.1 2.4 5% 
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2 .3 .5  Pulp  & paper  

The pulp and paper sector in the EU used some 1400 PJ of final energy in 2005 (IEA, 
Primes, Eurostat). This consumption represents some 9% of industrial total consumption. On 
average, the pulp making consumes 55% of the overall electricity use of the sector and 44% 
of the heat consumption. Measures that apply to these subsectors are described hereafter 
(IEA, 2007).  

 

Cross cutting measures in the pulp and paper sector, see section 2.2, can reduce 9.0% 
electricity and 6.4% of fuels compared to the 2005 technology reference situation. A generic 
energy efficiency improvement of 20% was applied to all new production capacity in the 
chemistry sector, which is implemented at a rate of 2% per year at zero additional costs (see 
section 2.1). Measures that are hereafter labelled as ‘new’, serve as illustrations of these 
generic savings numbers that we applied. Key data for the other (retrofit) measures presented 
hereafter, were used in the actual calculations.  

 

Chemical processing  

According to the IPTS pulp and paper model, energy performances in chemical paper process 
are close to the BAT figures and no relevant saving stemming from BAT use is expected. 
 

Gasification of black liquor  

The gasification of black liquor by pyrolysis offers the opportunity of improving electricity 
production efficiency. The principle is to pyrolyse concentrated black liquor into an 
inorganic phase and gas phase through reaction with oxygen (air) at high temperature. 
Running a gas turbine in combination with a steam turbine in a combined cycle, this allows 
producing twice the amount of electricity conventionally produced (BREF-paper, 2001). 

We consider that black liquor used in a conventional recovery boiler has a power efficiency 
of 12% and used in an IGCC system a power efficiency of 30%. As a result, 1.5 GJ heat/t 
(13%) pulp are saved with gasification of black liquor used in a combined cycle. This 
measure can be applied to the European share of chemical pulping facilities, approximately 
30%. The investment costs are estimated around 550 €/t from 2005 to 2015, then 500 €/t until 
2015 and 450 €/t from 2030 (IAE, 2006). 

 

New plants: mechanical pulping  

In mechanical pulping the wood fibres are mechanically separated into fibre bundles and 
single fibre fragments. The prime energy source for mechanical pulping is electricity, rather 
than wood in chemical pulping. Mechanical pulp mills are mostly integrated with paper 
production. 

The best available technology (BAT) in mechanical pulping process is estimated to consume 
around 2 MWh electricity/t pulp (IEA, 2007), compared to a current average electricity 
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efficiency of 2263 kWh/t. Examples of BAT-measures are the implementation of a system 
for monitoring energy usage and upgrading of equipment.  

 
Improved paper production 

Best available techniques in paper processing should bring substantial energy saving, e.g. 
through the application of high consistency slushing, best practice refining, twin wire 
forming, optimised vacuum systems, etc. (BAT-paper). Table 18 compares current average 
performance and BAT performance.  Full implementation of BAT in 2020 and 2030 was 
assumed against an additional cost of 150 € per tonne paper production   
 

Table 18: Current  average and BAT (BAT-paper)  average energy consumpt ion 

(heat  and electr ic i ty)  ( IPTS,  EC,  Sevi l le) 

 
Share of 

total paper 
market 

 
Heat 
GJ/t 

Electricity 
kWh/t 

Fine paper 23% BAT 5.21 717 

  IPTS model 7.24 803 

News paper 36% BAT 3.78 600 

  IPTS model 5.1 761 

Board paper 43% BAT 4.78 700 

  IPTS model 6.78 925 
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2.4  Sectora l  overview:  industry   

  

Figure 5 illustrates the baseline development and abatement potential for industrial 
emissions, as identified in the chapter. The emissions level after abatement in 2030 is 17% 
below the emissions level in 2005. For direct emissions alone, the reduction amounts to 34%.   
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Figure  5  Emission curves for  the industry in  the EU27, showing the Frozen 

Technology Reference development (FTRL) , the PRIMES basel ine and 

the abatement potent ia l  ident i f ied in  th i s study.  Emissions refer  to the 

sum of  di rect  and electr ic i ty re lated ( indirect) emissions.  

 

Overall, some 60% of the abatement potential is realized through implementation of best 
available technology in new built production plants, either replacing retired facilities or 
supplying industrial growth. Some 25% is realized through energy efficiency measures in the 
remaining ‘old’ stock. Reduction of N2O emissions and applying CCS to pure CO2 streams in 
the chemicals sector contributes 15%.   

  

Around 90% of the reductions are calculated at negative specific costs, which mean that there 
is a net economic gain from implementing these measures. Note that is calculated from a 
social perspective, using pre-tax energy costs and a discount rate of 4% and also assuming 
that energy savings from implementation of new production stock occur at no extra costs (see 
section 2.1). This social cost perspective is quite different from the industrial end-users 
perspective. 
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Figure 6 Abatement potent ia l  and speci f ic  cost  of the abatement opt ions in  the 

industry and ref iner ies sector  in the EU27 in  2030. The abatement 

potent ia l  is  re lat ive to the frozen technology reference scenario. 
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3  Emission reductions and costs:  refineries  

3.1  Introduct ion 

The refineries sector in the EU used some 3000 PJ of final energy (IEA, Eurostat, Primes). 
This consumption represents some 18% of industrial total consumption. The refineries sector 
is considered a conversion sector in the statistics. The 'own-use' energy consumption is not 
consistently administered separately, which explains differences found among various 
sources. This section describes abatement measures that can reduce the energy use and 
associated CO2 emissions in this sector.  

 

Oil refineries are an important industry in the fossil energy supply chain. Their primary 
purpose is to convert crude oil into higher value liquid fuels and gas. Depending on the 
complexity of a refinery, more value can be added per barrel. Upon extraction and 
conversion of their raw material, the remaining so called bottom of the barrel becomes 
increasingly black, solid and useless. 

Frequently, refineries are integrated with other petrochemical processes, e.g. to produce 
benzene (derivatives) or olefins for further application in other chemical industries. 

Process integration technology has its origins in the petrochemical industry. It has been 
applied successfully at many oil refineries and offshore installations. In general, the aim in 
the petrochemical sector is to reduce energy requirements. Some of the schemes 
implemented to achieve energy savings include: 

� Heat recovery from product streams, particularly from distillation columns. 

� Boiler water and feed preheating using waste heat. 

� Installation of additional levels of refrigeration. 

 

Typical savings are a 20% reduction in energy consumption with some reports of savings as 
high as 50%. Payback periods are generally less than two years and can be as low as several 
months. The complexity and high level of process integration sometimes make it more 
difficult to implement the measures that are described. The continuous nature of the 
processes also make a measure will typically be integrated during the turnaround of the 
refinery, or planned shutdown of a unit. As refinery turnarounds typically have a 4-10 year 
frequency, there will be an inherent delay for implementation of measures that are currently 
commercially available. 
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Calculation approach for the refineries sector 

The generic stock turnover and cross cutting measure approach as described in sections 2.1 and 2.2 
has not been applied to the refineries sector. This is for the following reasons: a refinery cannot be 
regarded as a single ‘plant’ that is fully replaced after a certain lifetime. Rather, refineries are 
considered as a site consisting of different plants, each of which may be replaced or revamped, or 
debottlenecked independently. Also, global market conditions are such, that the construction of new 
(energy efficient) large-scale refineries is not expected in Europe until 2030. As a result, we focussed 
on defining a set of cross-cutting measures, typical for the refineries sector.  

 

The next sections provide short descriptions of the identified measures (all from Worrell and 
Galitsky, 2005). Table 19 summarized the key input data.  

 
Process Control 

 The use of energy monitoring and process control systems can play an important role in 
energy management and in reducing energy use. These may include sub-metering, 
monitoring and control systems. They can reduce the time required to perform complex 
tasks, often improve product and data quality and consistency, and optimize process 
operations. Although energy management systems are already widely disseminated in 
various industrial sectors, the performance of the systems can still be improved, reducing 
costs and increasing energy savings further. For example, total site energy monitoring and 
management systems can increase the exchange of energy streams between plants on one 
site. Traditionally, only one process or a limited number of energy streams were monitored 
and managed. Various suppliers provide site-utility control systems. Specific energy savings 
and payback periods for overall adoption of an energy monitoring system vary greatly from 
plant to plant and company to company. Total site energy monitoring and management 
systems can increase the exchange of energy streams between plants on one site. 
Traditionally, only one plant or a limited number of energy streams were monitored and 
managed. Various suppliers provide site-utility control systems. Valero and Aspen Tech have 
developed a plant-wide energy optimization model to optimize the flows of intermediates, 
hydrogen, steam, fuel and electricity use, integrated with an energy monitoring system. The 
optimization system includes the cogeneration unit, FCC power recovery, and optimum load 
allocation of boilers, as well as selection of steam turbines or electric motors to run 
compressors. The system was implemented at Valero’s Houston refinery in 2003 and is 
expected to reduce overall site-wide energy use by 2-8%. Company wide, Valero expects to 
save 7-27 $ million annually at 12 refineries. 
 
Process Integration 

Process integration or pinch technology refers to the exploitation of potential synergies that 
are inherent in any system that consists of multiple components working together. In plants 
that have multiple heating and cooling demands, the use of process integration techniques 
may significantly improve efficiencies. Total Site Pinch Analysis has been applied by over 
40 refineries around the world to find optimum site-wide utility levels by integrating heating 
and cooling demands of various processes, and by allowing the integration of CHP into the 
analysis. Process integration analysis of existing refineries and processes should be 
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performed regularly, as continuous changes in product mix, mass flows, and applied 
processes can provide new or improved opportunities for energy and resource efficiency. 
Major refineries that have applied total site pinch analysis are: Amoco, Agip (Italy), BP, 
Chevron, Exxon (in the Netherlands and UK), and Shell (several European plants). Typical 
savings identified in these site-wide analyses are around 20-30%, although the economic 
potential was found to be limited to 10-15% 
 
Steam Generation 

Steam is used throughout the refinery. An estimated 35% of all onsite energy use in EU 
refineries is used in the form of steam. Steam can be generated through waste heat recovery 
from processes, cogeneration, and boilers. In most refineries, steam will be generated by all 
three sources, while some (smaller) refineries may not have cogeneration equipment 
installed. Steam, like any other secondary energy carrier, is expensive to produce and supply. 
The use of steam should be carefully considered and evaluated. Various measures can be 
implemented to improve boiler efficiency, including improved insulation, optimization 
combustion air supply, blowdown recovery, as well as condensate return (where applicable), 
and reduction of standby losses.  
 
Steam Distribution  

When designing new steam distribution systems, it is very important to take into account the 
velocity and pressure drop. This reduces the risk of oversizing a steam pipe, which is not 
only a cost issue but would also lead to higher heat losses. A pipe too small may lead to 
erosion and increased pressure drop. Installations and steam demands change over time, 
which may lead to under-utilization of steam distribution capacity utilization, and extra heat 
losses. However, it may be too expensive to optimize the system for changed steam demands. 
Still, checking for excess distribution lines and shutting off those lines is a cost-effective way 
to reduce steam distribution losses. Other maintenance measures for steam distribution 
systems aim particularly at steam trap maintenance, flash steam recovery, and proper 
insulation. It is estimated that typically up to 15% of steam traps are malfunctioning, leading 
to significant losses. 
 
Efficient Drive Systems 

Electric motors are used throughout the refinery, and represent over 80% of all electricity use 
in the refinery. The major applications are pumps (60% of all motor use), air compressors 
(15% of all motor use), fans (9%), and other applications (16%). Using a “systems approach” 
that looks at the entire motor system (pumps, compressors, motors, and fans) to optimize 
supply and demand of energy services often yields the most savings. For example, in 
pumping, a systems approach analyzes both the supply and demand sides and how they 
interact, shifting the focus of the analysis from individual components to total system 
performance. The measures identified below reflect aspects of this system approach 
including matching speed and load (adjustable speed drives), sizing the system correctly, as 
well as upgrading system components. However, for optimal savings and performance, the 
systems approach is recommended. 
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Flare Gas Recovery 

Flare gas recovery (or zero flaring) is a strategy evolving from the need to improve 
environmental performance. Conventional flaring practice has been to operate at some flow 
greater than the manufacturer’s minimum flow rate to avoid damage to the flare. Typically, 
flared gas consists of background flaring (including planned intermittent and planned 
continuous flaring) and upset-blowdown flaring. In refineries, background flaring will 
generally be less than 50%, depending on practices in the individual refinery. Emissions can 
be reduced by improved process control equipment and new flaring technology. 
Development of gas-recovery systems, development of new ignition systems with low-pilot-
gas consumption, or elimination of pilots altogether with the use of new ballistic ignition 
systems can reduce the amount of flared gas considerably. Development and demonstration 
of new ignition systems without a pilot may result in increased energy efficiency and reduced 
emissions. Reduction of flaring can be achieved by improved recovery systems, including 
installing recovery compressors and collection and storage tanks. 
 
Power Recovery 

Various processes run at elevated pressures, enabling the opportunity for power recovery 
from the pressure in the flue gas. The major application for power recovery in the petroleum 
refinery is the fluid catalytic cracker (FCC). However, power recovery can also be applied to 
hydrocrackers or other equipment operated at elevated pressures. Modern FCC designs use a 
power recovery turbine or turbo expander to recover energy from the pressure. The recovered 
energy can be used to drive the FCC compressor or to generate power. Power recovery 
applications for FCC are characterized by high volumes of high temperature gases at 
relatively low pressures, while operating continuously over long periods of time between 
maintenance stops (> 32,000 hours). There is wide and long-term experience with power 
recovery turbines for FCC applications. Various designs are marketed, and newer designs 
tend to be more efficient in power recovery. Recovery turbines are supplied by a small 
number of global suppliers, including GE Power Systems. Power recovery turbines can also 
be applied at hydrocrackers. Power can be recovered from the pressure difference between 
the reactor and fractionation stages of the process.   
 
Hydrogen Optimization 

Hydrogen is used in the refinery in processes such as hydrocrackers and desulfurization using 
hydrotreaters. The production of hydrogen is an energy intensive process using naphtha 
reformers and natural gas-fuelled reformers. These processes and other processes also 
generate gas streams that may contain a certain amount of hydrogen not used in the 
processes, or generated as by-product of distillation of conversion processes. In addition, 
different processes have varying quality (purity) demands for the hydrogen feed. Reducing 
the need for hydrogen make-up will reduce energy use in the reformer and reduce the need 
for purchased natural gas. Natural gas is an expensive energy input in the refinery process, 
and lately associated with large fluctuations in prices (especially in California). The major 
technology developments in hydrogen management within the refinery are hydrogen process 
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integration (or hydrogen cascading) and hydrogen recovery technology. Revamping and 
retrofitting existing hydrogen networks can increase hydrogen capacity between 3% and 
30%. 
 
Advanced Distillation 

Distillation is one of the most energy intensive operations in the petroleum refinery. 
Distillation is used throughout the refinery to separate process products, either from the 
CDU/VDU or from conversion processes. The incoming flow is heated, after which the 
products are separated on the basis of boiling points. Heat is provided by process heaters 
and/or by steam. Energy efficiency opportunities exist in the heating side and by optimizing 
the distillation column. Various new distillation processes are demonstrated or under 
development. All of these advanced distillation processes aim at improved heat transfer 
within the distillation column. For example, Progressive Crude Distillation has been 
developed by Technip and Elf (France) as an energy efficient design for a crude distillation 
unit, by redesigning the crude preheater and the distillation column. The crude preheat train 
was separated in several steps to recover fractions at different temperatures. The distillation 
tower was re-designed to work at low pressure and the outputs were changed to link to the 
other processes in the refinery and product mix of the refinery. The design resulted in 
reduced fuel consumption and better heat integration (reducing the net steam production of 
the CDU). Technip claims up to a 35% reduction in fuel use when compared to a 
conventional CDU. This technology has been applied in the new refinery constructed at 
Leuna (Germany) in 1997 and is being used for another new refinery under construction in 
Europe. Because of the changes in CDU-output and needed changes in intermediate flows, 
progressive crude distillation is especially suited for new construction or large crude 
distillation expansion projects. 
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Table 19 Overview of energy savings and costs  data for  ref iner ies in the EU27. 

Savings are expressed as % of total  energy use, except  for  ef f i c ient  

dr ives (measure 5) ,  which is  expressed as % of  total  e lectr i c i ty use. 

Measure (#) 1 2 3 4 5 6 7 8 9 

Measure 
(name) 

Process 
Control 

Process 
Integration 

Steam 
Generation 

Steam 
Distribution 

Efficient 
Drives 

Flare Gas 
Recovery 

Power 
Recovery 

Hydrogen 
Optimization 

Advanced 
Distillation 

Applicable 
processes Overall 

CDU, VDU, 
FCC, HT, 
Ref Steam Steam Overall Overall FCC, HC Hydrogen CDU, VDU 

Austria 4% 8% 2% 2% 16% 2% 0% 0% 5% 

Belgium 4% 12% 2% 3% 16% 2% 0% 0% 7% 

Bosnia 4% 12% 6% 8% 20% 2% 2% 6% 15% 

Bulgaria 4% 11% 2% 3% 16% 2% 0% 0% 8% 

Croatia 4% 12% 6% 8% 20% 2% 2% 6% 15% 

Cyprus 4% 12% 6% 8% 20% 2% 2% 6% 15% 
Czech 
Republic 4% 10% 2% 3% 16% 2% 0% 0% 6% 

Denmark 2% 10% 1% 1% 16% 2% 0% 0% 8% 

Estonia 4% 12% 6% 8% 20% 2% 2% 6% 15% 

Finland 4% 11% 2% 3% 16% 2% 0% 0% 6% 

France 4% 12% 2% 3% 16% 2% 0% 0% 7% 

Germany 2% 8% 1% 1% 16% 1% 0% 0% 6% 

Greece 4% 11% 2% 3% 16% 2% 0% 0% 6% 

Hungary 4% 11% 2% 3% 16% 2% 0% 0% 6% 

Ireland 4% 12% 2% 3% 16% 2% 0% 0% 6% 

Italy 4% 10% 2% 3% 16% 2% 0% 0% 7% 

Latvia 4% 12% 6% 8% 20% 2% 2% 6% 15% 

Lithuania 4% 11% 2% 3% 16% 2% 0% 0% 6% 

Luxembourg 4% 12% 6% 8% 20% 2% 2% 6% 15% 

Malta 4% 12% 6% 8% 20% 2% 2% 6% 15% 

Netherlands 2% 8% 1% 1% 16% 1% 0% 0% 7% 

Poland 4% 9% 2% 3% 16% 2% 0% 0% 6% 

Portugal 4% 11% 2% 3% 16% 2% 0% 0% 6% 

Romania 4% 12% 2% 3% 16% 2% 0% 0% 8% 

Slovakia 4% 9% 2% 3% 16% 2% 0% 0% 5% 

Slovenia 4% 12% 2% 3% 16% 2% 0% 0% 15% 

Spain 4% 10% 2% 3% 16% 2% 0% 0% 6% 

Sweden 2% 7% 1% 1% 16% 1% 0% 0% 6% 

Turkey 4% 10% 2% 3% 16% 2% 0% 0% 8% 
United 
Kingdom 3% 9% 2% 3% 16% 2% 0% 0% 7% 

          
Payback time 
(yrs)*  1.5 3.5 2 1.2 3 2 4 2.5 6 

Range EU27 0% - 4% 0% - 12% 0% - 6% 0% - 8% 0% - 20% 0% - 2% 0% - 2% 0% - 6% 0% - 15% 

Typical EU27 4% 11% 3% 4% 17% 2% 1% 1% 9% 

* recalculated to investment cost using the values of fuel savings 
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3.2  Sectora l  overview:  re f iner ies    

 
Figure 7 illustrates the baseline development and abatement potential for refineries 
emissions, as identified in the previous section. In 2030, emissions can be reduced with 21% 
compared to 2005.  
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Figure  7  Emission curves for  the industry in  the EU27, showing the Frozen 

Technology Reference development (FTRL) , the PRIMES basel ine and 

the abatement potent ia l  ident i f ied in  th i s study.  Emissions refer  to the 

sum of  di rect  and electr ic i ty re lated ( indirect) emissions.  

 
All measures are calculated negative specific costs, which means that there is a net economic 
gain from implementing these measures (Figure 8).  
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Figure 8 Abatement potent ia l  and speci f ic  cost  of the abatement opt ions in  the 

industry and ref iner ies sector  in the EU27 in  2030. The abatement 

potent ia l  is  re lat ive to the frozen technology reference scenario. 

 

 

Table 20 Key resu l ts for  the ref iner ies sector  in  2030. 

 Abatement potential  

Name 
 

Total (Mt CO2) Direct (Mt CO2) Indirect (Mt CO2) 
Specific costs 

€/t CO2 

Steam Distribution 5 5 0 -92 

Process Control 7 7 0 -89 

Efficient Drives 28 0 28 -84 

Steam Generation 4 4 0 -84 

Hydrogen Optimization 0.3 0.3 0 -84 

Flare Gas Recovery 3 3 0 -83 

Process Integration 19 19 0 -69 

Advanced Distillation 13 13 0 -65 

Power Recovery 0.4 0,4 0 -63 
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4  Emissions reductions and costs:  CHP 

4.1  Introduct ion  

Combined Heat and Power (CHP) is the simultaneous generation of usable heat and power 
(electricity or mechanical energy) in a single process. CHP is also referred to as 
cogeneration. The main goal of combined power and heat generation is to achieve energy 
savings and lower carbon emissions per kWh of useful energy produced compared to 
separate generation of power and heat. The CO2 reduction potential of CHP depends on the 
capacity that can be installed; the fuels used and on future developments of CHP technology 
and technology for separate generation of heat and power (see Figure 9 for illustration)4.  

 

 

Figure  9  Quant i tat ive i l lust rat ion of  the CO2-abatement calcu lat ion of  CHP.  

 

In full cogeneration mode the overall efficiency of a CHP plant amounts to 80-90%. Full 
cogeneration mode occurs when the CHP unit operates with maximum technically possible 
heat recovery. Full cogeneration mode can only occur when the maximum possible heat 
recovery matches the local heat demand. Therefore, CHP plants are always sited close to the 
heat consumers. For industrial CHP installations it is hard to establish full cogeneration mode 
in case there is insufficient lower grade heat demand on or near the site, or when coverage of 

                                                      
4 Note, the CHP (CO2 reduction) potential calculated in this chapter is  based on industrial heat demand (see section 4.3). To a 
large extent though, this potential CHP-volume will produce electricity for the market and thus replace centralized electricity 
production. Still, the full CO2-savings of CHP are in this report (see chapter  5) attributed to the industry & refineries sector. On 
the sub-sector level, e.g. refineries, this bookkeeping can in theory lead to emissions reductions that exceed the actual emissions 
of the sector.  
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the lower grade heat demand is economically unjustifiable. For those plants annual overall 
efficiencies will be somewhat lower than 80%.   

 

A distinction can be made between heat-demand driven and electricity-demand driven CHP. 
For heat-demand driven CHP plants, the thermal capacity is based on the (projected) local 
heat-demand. For electricity-demand driven CHP plants, the power capacity is based on the 
(local) power demand. In the latter case, cogenerated heat production is likely to be 
insufficient to meet the local heat demand and should be complemented with heat from 
boilers. Generally, it is economically and environmentally more attractive to have a 
configuration based on the heat demand because of scale advantages. However, a 
precondition for a heat configuration is the possibility to feed excess electricity into the grid 
and get a reasonable price for this power.  

 

In 2006 15.2% of total gross electricity generation in EU27 is considered as CHP electricity. 
CHP electricity is defined as electricity production with cogeneration of useful heat.  In 
addition to the generation of CHP electricity, about 12% of the total heat production (steam, 
hot water, process heat) in EU27 was generated by CHP.  

 

CHP electricity and heat come from industrial CHP, district heating and small-scale CHP in 
the built environment. Differences between Member States are considerable. Denmark, 
Finland, Latvia and the Netherlands have high shares of CHP, whereas big countries like 
Italy, Spain, France, Germany and UK have relative low shares. At the EU level 45% of the 
CHP electricity is produced by autoproducers, mainly industrial CHP; see Table 2 (Eurostat, 
2006). Autoproducers generate electricity and heat wholly or partially for their own use 
supporting their primary activity. The public supply produces 55% of total CHP electricity. 
Public supply producers generate electricity and heat and sell these as their primary activity. 
Public supply includes both district heating schemes for the built environment and industrial 
CHP. In the Netherlands e.g., a major part of the public supply consists of industrial joint 
ventures. Based on available Eurostat statistics it is not possible to determine the amount of 
industrial CHP in the public supply. For this study, these data were taken from PRIMES. 
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Table 21 CHP in  the EU27 + Turkey in  2006 (Eurostat ,  2008)  

Member 
State 

CHP 
electricity 
generation 
TWh 

Main 
activity 
producers 
% 

Auto 
producers 
% 

CHP Heat 
production, 
PJ 

Main 
activity 
producers 
% 

Auto 
producers 
% 

       
EU-27 366.3* - - 3107.2* - - 
AT 10.24 47.8 52.2 98.9 32.1 67.9 
BE 7.44 67.3 32.7 74.5 32 68 
BG 2.77 81.6 18.4 48 69.2 30.8 
CY 0.01 0 100 0.1 0 100 
CZ 12.71 70.3 29.7 143.2 60.5 39.5 
DE 79.72 67.7 32.3 646.5 56.5 43.5 
DK 18.63 - - 117.2 - - 
EE 1.04 89.3 10.7 11.6 78.3 21.7 
EL 1.05 20 80 8.3 28.3 71.7 
ES 21.94 0 100 188.8 0 100 
FI 28.75 67.4 32.6 274.5 49.8 50.2 
FR 18.42 45.3 54.7 187.4 30.2 69.8 
HU 8.02 88.9 11.1 46.9 80.8 19.2 
IE 1.54 - 100 10 - 100 
IT 30.89 59.1 40.9 208.3 39.6 60.4 
LT 1.78 90.6 9.4 16.9 93.4 6.6 
LU 0.47 90.2 9.8 2.7 0 0 
LV 2.08 97.5 2.5 12.1 99.6 0.4 
MT 0 0 0 0 0 0 
NL 29.42 0 0 219.9 0 0 
PL 25.96 77.3 22.7 264.6 60.5 39.5 
PT 5.7 69.2 30.8 63.3 51.7 48.3 
RO 11.3 91.8 8.2 99.6 96.1 3.9 
SE 11.43 62.1 37.9 141.5 49.9 50.1 
SI 1.12 74.2 25.8 13.5 50.9 49.1 
SK 8.66 70.4 29.6 43.6 41.4 58.6 
TR 7.71 29.2 70.8 94.2 20.1 79.9 
UK 25.21 9.8 90.2 165.5 8 92 
Norway 0.09 100 0 3.6 100 0 
Iceland 1.43 100 0 8.7 100 0 

* 15.2% of total gross electricity generation in EU27; 12% of the total heat production (steam, hot water, 
process heat) in EU27 was generated by CHP.  
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Table 22 CHP in  EU25 by economic act ivi ty  in  2002 (Eurostat , 2006)  

 
 

4.2  CHP technologies   

 

Industrial CHP technologies 

Figure 10 and Figure 11  provide an overview of the CHP technologies being applied in 
EU25. Industrial CHP is mainly based on either combined cycle technology, gas turbines 
with heat recovery or steam backpressure turbines. The far majority of the gas turbines can 
be attributed to industrial CHP, whereas combined cycles and steam backpressure turbines5 
are both used in industry and for district heating schemes. Based on the available statistics, it 
is not possible to specify the figures for each group separately.  

Figure 10 provides an overview of the CHP electricity generated by each type of technology, 
whereas Figure 11  provides the same overview for CHP heat production. The two pies 
clearly show that production of the combined cycle is dominated by electricity, whereas the 
production of the steam backpressure turbine is dominated by heat. This can be explained by 
the power to heat ratios of both technologies. Figure 12  shows that existing steam 
backpressure turbines in EU25 have, on average, a relatively small power to heat ratio (0.24) 
whereas the combined cycles which are currently operational in the EU countries have a 
relatively large ratio (0.73 on average). 

                                                      
5 The majority of the steam backpressure turbines can be found in industry. However, in some countries (e.g. Germany) the CHP 
production from condensing steam turbines is statistically labelled as steam backpressure turbine (whereas actually the unit is a 
steam condensing turbine).  
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Figure  10  CHP power product ion EU25 by technology (Eurostat , 2006) 
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Figure  11  CHP heat  product ion EU25 by technology (Eurostat ,  2006) 
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Figure 12  Average power to heat rat ios of operat iona l  CHP plants  in  EU25 (note 

that  for  each technology power to heat rat ios vary because of plant  

s ize,  state of  technology and spec i f i c des ign condi t ions; power to rat ios  

for  modern plants  wi l l  deviate from these average figures) 

 
Industrial CHP fuels 

Figure 13   provides and overview of the different types of fuels used in CHP plants in EU25. 
Solid fossil fuels (hard coal, lignite, peat) and natural gas are the dominant fuels, whereas the 
share of renewable energy sources and waste fuels is 13%. The statistics for CHP fuel 
includes both the fuel consumption for CHP electricity (and heat) and the non-CHP 
electricity. Statistics for fuel consumption for CHP electricity only are not (yet) available. 
Roughly one could say that Figure 13   overestimates the share of solid fuels since these are 
dominantly used in steam condensing turbines. The dominant fuel for industrial CHP in all 
Member States is natural gas. 
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Figure  13    Fuel  input  CHP in  EU25 (Eurostat  2006, 2004 data) 

 
 

4.3  Emiss ions  reduct ion  opt ions  and  costs   

New industrial CHP potential comprises the replacement or retrofit of existing heating 
equipment (including existing CHP installations) as well as the construction of additional 
CHP plants to cover growth in heat demand. This study focuses on the additional CHP 
potential. Technically, CHP can cover the full industrial heat demand.  
Two categories of industrial heat demand are distinguished: 

� Hot water / steam  
� Process heat (low and high temperature) 

 
 
CHP for steam production 

CHP is predominantly used for production of steam. About 50% of steam and hot water 
demand in EU27 industry is covered by CHP (source: PRIMES 2008, 2005 data). Although 
it is technically possible to cover the full steam demand of an industry with a CHP plant, we 
assume as a rule of thumb that in industry CHP can cover on average about 80% of the steam 
demand, where the remaining demand is covered by boilers. The remainder of the steam 
demand covers peak load for which CHP is disproportionally expensive.  
 
CHP can either be applied to cover new steam demand or to replace existing boiler capacity 
for which an average lifetime of 30 years is assumed. For new CHP capacity we assume that 
large natural gas fired combined cycles (>100 MWe) are typically installed in the chemical 
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and petrochemical industry. Smaller combined cycle units (50-100 MWe) and gas turbines 
(<25 MWe) are more common for steam production in other industries. For industries with 
large variations in steam demand gas turbines we assume that supplementary firing will be 
applied. Finally, for industries with very small steam flows (50 kW up to several hundreds of 
kWs) we assume that microturbines offer the most promising cogeneration option. The latter 
category has not been included in the analysis.  
For the chemical industry and refineries 8000 full load hours per year is assumed, for the 
other sectors 5000 hours. 
 
CHP for low temperature process heat  

In addition to steam production, CHP can be used for low temperature (LT) process heat, e.g. 
for direct drying purposes in food, drink & tobacco, paper & pulp, engineering, textiles and 
other industries.6 It is assumed that CHP can cover 25% of the total LT heat demand (new 
and replaced demand) in the above mentioned industries. For existing installations an 
average lifetime of 30 years is assumed. Gas turbines are considered to be the dominant 
technology for low temperature process heat.  An annual operation time of 4000 full load 
hours is assumed. 
 
CHP for high temperature process heat  

As modern gas turbine designs allow higher inlet and outlet temperatures, it is possible to use 
the flue gas of the turbine to heat a reactor in the chemical and petroleum refining industries. 
One option is to repower existing furnaces in these industries. The basic principle is to 
replace the combustion air fans of the furnace by a gas turbine. Gas turbine exhaust contains 
sufficient oxygen to be used as combustion air. With the repowering option up to 20% of the 
furnace heat can be delivered by the gas turbine. Another option with a larger CHP potential 
is so called high temperature CHP. In this case, the flue gases of the CHP are used to heat the 
input of a furnace. The remainder of the heat available in the exhaust allows for generating 
steam. Main candidate processes to apply this option are ethylene and ammonia 
manufacturing in the chemical industry and atmospheric oil distillation, coking and 
hydrotreating in petroleum refineries (Bailey & Worrell, 2005). The technology has been 
successfully demonstrated at the oil refinery in Fredericia, Denmark. For this study it is 
assumed that up to 2030 50% of existing furnaces in the chemical and refinery industry can 
be repowered and that for 25% of new basic chemical production and refinery capacity high 
temperature CHP will be applied. An annual operation time of 8000 full load hours is 
assumed. 
 

Costs and efficiencies 

Table 23 provides an overview of the costs and efficiencies for the CHP technologies used in 
the potential analysis.  

Table 23 Costs  and e f f i c iencies of  CHP technologies (ECN, 2008) 

                                                      
6 For the other energy intensive industries it is assumed that the majority of the LT heat demand can be covered by recycling 
energy (exhaust from steam production or recycled HT heat). 
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Power 
efficiency 

[LHV] 

Heat 
efficiency 

[LHV] 
Investment costs 

2005 [€/kWe] 

O&M costs 
2005 

[€ct/kWh] 

Large combined cycle >100 MWe 43% 27% 881 0.56 

Small combined cycle 50-100 MWe 41% 34% 1199 1.0 
Large gas turbine + supplementary 
firing 25-50 MWe 28%7 61% 971 0.53 
Small gas turbine + supplementary 
firing  < 25 MWe 25% 64% 1470 1.1 

 

It is assumed that investment costs for CHP will not further decrease over time due to 
learning effects. Actual investment costs might differ e.g. due to fluctuating steel prices. 

Investment costs are annualized against 4% discount rate (social cost perspective) and 15 
year lifetime. CHP electricity production is pretax valued at 66.2 € per MWhe in 2020 and 
€68.3. For natural gas 7.2 € per GJ is taken for 2020 and €7.7 in 2030. 

 
CO2 emission factors 

Table 24 provides an overview of the reference CO2 emission factors which have been used 
in the study. For the additional industrial CHP capacity natural gas is assumed to be the 
dominant fuel. Therefore, for CHP fuel a CO2 emission factor of 56.8 kt CO2/PJ is applied. 
 

 

Table 24 Reference CO2  emission factors  appl ied in  the analys is  

Category Reference CO2 emission factor Remarks 

LT heat / steam / hot water 63 kt CO2/PJ heat 
Based on 90% reference 

efficiency 

HT heat 71 kt CO2/PJ heat 
Based on 80% reference 

efficiency 

Electricity 0.5 kt CO2/GWhe  

 

                                                      
7 Modern large gas turbines can achieve 38-39% electric efficiency and small gas turbines 30-35%. Due to supplementary firing 
annual average electric efficiencies of the turbine (including the supplementary firing) are lower. Consequently, thermal 
efficiencies are higher. 



 

 62

 

4.4  Sectora l  overview:  CHP  

 

The total CO2 savings from full implementation of the industrial CHP potential in the EU27 
amount to 137 Mt in 2020 and 223 Mt in 2030. Figure 14 shows the development of the total 
CO2 emissions in industry and the potential CO2 savings from industrial CHP. Figure 15 
gives the marginal abatement curves for the industrial CHP in 2030. As the FTRL scenario 
does not consider any reduction of steam demand due to implementation of energy demand 
savings measures, the actual CHP potentials may be somewhat lower. 
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Figure 14 Emiss ion curves for  the industry and ref iner ies  sector  in  the EU27, 

showing the Frozen Technology Reference deve lopment (FTRL)  and the 

abatement potent ia l  of  deploying the fu l l  CH-potentia l . 
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Figure  15  Marginal  abatement curve CHP ( industry and ref iner ies)  -2030 

 

Error! Reference source not found. and Table 25 illustrate that the supply of new steam 
demand and the replacement of boilers in refineries and the chemical industry offer the 
largest potential for CHP. 
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Table 25 Potent ia l  and costs  of  CHP measures per  sector  in 2030. 

sector measure name 
Potential in 
MtCO2 -eq 

specific costs in  
€/t CO2 

chemicals repowering furnaces 2 -55 
refineries HT process heat 1 -55 
refineries repowering furnaces 4 -55 
chemicals HT process heat 1 -55 
chemicals new steam demand 36 22 
chemicals boiler replacement 20 22 
refineries new steam demand 44 22 
refineries boiler replacement 41 22 
textiles LT process heat 0.4 72 
paper & pulp LT process heat 1 72 
other industries LT process heat 8 72 
food, drink, tobacco LT process heat 2 72 
engineering LT process heat 5 72 
paper & pulp boiler replacement 8 88 
non-ferrous new steam demand 0 88 
other industries boiler replacement 4 88 
textiles new steam demand 0.1 88 
textiles boiler replacement 2 88 
food, drink, tobacco new steam demand 11 88 
iron & steel new steam demand 1 88 
iron & steel boiler replacement 2 88 
paper & pulp new steam demand 7 88 
food, drink, tobacco boiler replacement 9 88 
other industries new steam demand 8 88 
engineering boiler replacement 1 88 
non-ferrous boiler replacement 0.4 88 
engineering new steam demand 3 88 
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5  Conclusions 

In this SERPEC report, we have determined the potentials and costs of control options in the 
industry and refineries sectors. The direct emissions in these sectors in 2005 equalled some 
25% of overall greenhouse gas emissions in the EU27. When the emissions associated with 
electricity use (so-called indirect emissions) are include, the emission share of this sector is 
approximately 35%. These GHG emissions can be reduced to around 32% below 2005 
emissions in 2030. The main contributions of measures/sectors are shown in Table 1. 
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Figure  16  Emiss ion curves for the industry and refiner ies sector , including CHP 

opt ions, in  the EU27,  showing the Frozen Technology Reference 

development (FTRL), the PRIMES basel ine and the abatement potent ia l  

ident i f i ed in  this  study. Emiss ions refer  to the sum of direct and 

electr i c ity re lated ( indi rect)  emiss ions.  

 

Around 70% of the measures are calculated at negative specific costs, which means that there 
is a net economic gain from implementing these measures. Note, that is calculated from a 
social perspective, using pre-tax energy costs and a discount rate of 4%, to annualize 
additional capital costs over the prolonged lifetime of industrial technologies (several 
decades). This social cost perspective is very different from the industrial end-users 
perspective, where upfront investments are a major barrier and future (long term) revenues 
are valued at much higher discount rates. 
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Table 26 main contr ibut ions of measures/sectors to abatement potent ia l  of  

industry and ref iner ies  sectors.  Reduct ions are re lat ive to the FTRL 

basel ine in  2030.  

Group Mt-CO2 €/t-CO2 
Industry: New BAT installations 461 -107 
Industry: energy efficiency (retrofit) 169 -74 
Refineries: process improvements 79 -78 
Industry: clinker reduction and use of waste-fuel 33 -20 
Industry: N2O reduction 75 2 
CHP: Chemicals & Refineries 149 18 
Industry: CCS 44 20 
CHP: other Industry  74 84 
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Figure 17 Abatement potent ia l  and spec i f ic  cost  of the abatement opt ions in  the 

industry and ref iner ies sector  in  the EU27 in  2030. The abatement 

potent ia l  is  re lat ive to the frozen technology reference scenario. 
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