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Agenda

ÅIntroduction and background

ÅTask 1 ïDefinition & classification

ÅTask 2 ïEconomic and market analysis

ÅTask 3 ïUser behaviour

ÅTask 4 ïBase-case assessment

ÅTask 5 ïBAT & BNAT assessment

ÅTask 6 ïImprovement potential

ÅTask 7 ïPolicy and impact analysis

Update from 
1st meeting

Main 
topics for 
discussion

Not 
started
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Introduction

ÅThe project partners

ERA Technology, UK

ÅEngineering consultancy ïregulatory compliance, policy 
analysis system safety, technical engineering support

Bio Intelligence Service, France

ÅSpecialists in the measurement of the environmental and 
health characteristics of products and services in France and 
Europe

ÅAt the interface between the environment and products, 
providing a large range of services for public and private 
decision makers
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Background
- Why study furnaces & ovens?

ÅEU aims to reduce CO2 emissions

ï20% by 2020 (30% proposed)

ï80% by 2050 ïambitious ïwill need BIG changes

ÅFurnaces and ovens determined to be 4 th largest energy 
user in EU ïEPTA Working Plan study:

ïEstimated ~6,000 PJ total energy consumption (1,670 TWh)

ï20% improvement potential in energy consumption possible

ÅEco-design preparatory studies

ïto determine if there is significant improvement potential ï
e.g. reduction in energy use
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Background
- Opportunity or threat?

ÅOpportunity to:

ïSignificantly reduce CO2 emissions

ïReduced energy costs for users

ïIncrease sales of new furnaces / ovens by EU manufacturers

ÅIncreased sales of more efficient designs of furnaces & ovens

ÅAccelerate replacement of old inefficient furnaces & ovens

ÅThreat:

ïCompliance with new legislation difficult / expensive 

ÅIndustry needs to ensure EC have accurate understanding of this 
sector so that compliance with any new legislation is possible

ïUsers might relocate outside EU due to increased costs

ÅNeed to understand market ïconsider incentives ïwe need to know 
size of increased costs for eco-design improvements
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Background
- Eco-design studies

ÅMany have already been completed

ï13 EU regulations adopted as a result so far

ï2 self regulatory agreements

ÅEarly studies were on consumer products

ïIncreasingly focusing on industrial and ñenergy relatedñ 
products

ÅFurnaces and ovens different:

ïDue to the very wide variety of designs and uses

ïMany are custom designed

ïLarge furnaces and ovens can be designed using best 
available technology (BAT)



www.era.co.uk/rfa7

with

© ERA Technology Limited

Background
- Aims of this study

ÅProvide data to European Commission on industrial and 
laboratory furnaces and ovens to enable them to make 
policy decisions

ïAll eco-design aspects considered but energy is priority

ÅEC will decide what action is appropriate based on results 
from study
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Tasks 1 - 3
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Task 1 ïDefinition & Classification

ÅDefinition ïwhat is a furnace or oven?

ÅDefinition must describe the equipment ïnot the process

ïWhat is the primary function of equipment? Not the purpose 
of the process

ÅEssential characteristics are:

ïFully or partly enclosed chamber and

ïHeated interior

ÅElectric ïe.g. resistance heating

ÅFossil fuel (e.g. gas) burners

ÅChemical reactions ïe.g. blast furnace
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Task 1 - Definition & Classification

ÅMany ways to classify

ïBy size: small / medium / large

ïBy energy source: electricity, gas, etc

ïBatch / continuous

ïStandard or custom design

ïBy industry sector ïe.g. glass, ceramics, oil, steel, etc.

ïBy capacity range (has been used for some previous studies)

ÅProduction (tonnes) per day

ÅRated or actual power consumption / year

ÅPower rating (e.g. MW etc.)



Classification 
scheme
-see following 3 slides 
>>

Size

Chemical 

reactions 

involving gas, 

liquid & solid

Chemical reactions 

where material 

remains mainly 

solid throughout

Mainly melting of 

solids

Heating solids, 

predominantly phase 

changes only

Steel blast furnace 

(Cont) 3

Cement kilns (Cont) 

4

Glass melting furnaces 

(Cont) 1, 2

Ceramics roller and tunnel 

kilns (Cont) 2

Steel Direct 

Reduction furnace 

(Cont) 3 Lime Kiln (Cont) 3

Non-ferrous metal 

melting - shaft furnace 

(Cont) 3

Ceramics drying ovens 

(Batch & Cont) 1, 2

Basic oxygen 

furnace (Batch) 1

Coating curing 

(Cont) 2

Metal holding furnace 

(Batch) 1

Steel heat treatment 

(various types - Cont) 2

Metal smelters (e.g. 

copper) (Cont) 1 - 4

Chemical production 

furnaces (Batch) 1

Induction metal melting 

(Batch) 1

Chemical dryers (box oven - 

Batch) 1

Petrochem 

furnaces, e.g. 

crackers (Cont) 1

Electric arc furnace 

(Batch)1

Paper dryers (Cont - usually 

steam heat) 2

WtE incinerators 

(Cont) 3

Galvanising furnace 

(Cont) 2

Glass Lehr furnace 

(Cont) 2

Hazardous waste 

incinerators, no 

energy recovery 

(Batch) 1

Ceramic powder 

rotary kilns (Cont) 4

Metal melting (foundries 

- Batch) 1 Food manufacture (Cont) 2

Semiconductor & PV 

(Cont) 1

Metal heat treatment 

(air, inert gas, vacuum - 

Batch) 1

Printed circuit boards (Cont) 

2

Fluidised bed 

furnace (Batch) 1

Metal scrap recovery 

(Batch) 1 Microwave dryers 1, 2

Glass melting (remelting 

- Batch) 1

Electric dryers (Batch & 

Cont) 1, 2

Infrared drying and curing 

ovens (Cont + some batch) 

2 & some 1

Chamber and shuttle kilns  

(Batch) 1

Conveyor ovens - various 

processes (Cont) 2

Box ovens (Batch) 1

Grain dryers (Fluidised bed / 

mixed flow - Cont) 1

Rotary drum dryers (usually 

Cont) 4

Spray dryers (various 

materials -  Continuous) 1

Laboratory drying ovens 

(Batch) 1

Incubators (Batch) 1

Autoclaves (Batch) 1

Artisan furnaces (Batch) 1

Dental furnace (Batch) 1

Medium size 

industrial (standard / 

custom designs)

Very Large size 

(Usually custom 

designs)

Process type

Laboratory furnaces (Batch) 1, 4

Laboratory (most 

standard design) 

and small standard 

design industrial

1 "Box"

2 Tunnel / conveyer

3 Tower / shaft

4 Horizontal tube / rotary

Electric

Gas

Coal/oil/gas combination

Waste 

Electric or gas (or oil)

Key to shape

Key to power source
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and small standard 

design industrial

1 "Box"

2 Tunnel / conveyer

3 Tower / shaft

4 Horizontal tube / rotary

Electric

Gas

Coal/oil/gas combination

Waste 

Electric or gas (or oil)

Key to shape

Key to power source

1 "Box"

2 Tunnel / conveyer

3 Tower / shaft

4 Horizontal tube / rotary

Electric

Gas

Coal/oil/gas combination

Waste 

Electric or gas (or oil)

Key to shape

Key to power source



Size

Chemical 

reactions 

involving gas, 

liquid & solid

Chemical reactions 

where material 

remains mainly 

solid throughout

Mainly melting of 

solids

Heating solids, 

predominantly phase 

changes only

Steel blast furnace 

(Cont) 3

Cement kilns (Cont) 

4

Glass melting furnaces 

(Cont) 1, 2

Ceramics roller and tunnel 

kilns (Cont) 2

Steel Direct 

Reduction furnace 

(Cont) 3 Lime Kiln (Cont) 3

Non-ferrous metal 

melting - shaft furnace 

(Cont) 3

Ceramics drying ovens 

(Batch & Cont) 1, 2

Basic oxygen 

furnace (Batch) 1

Coating curing 

(Cont) 2

Metal holding furnace 

(Batch) 1

Steel heat treatment 

(various types - Cont) 2

Metal smelters (e.g. 

copper) (Cont) 1 - 4

Chemical production 

furnaces (Batch) 1

Induction metal melting 

(Batch) 1

Chemical dryers (box oven - 

Batch) 1

Petrochem 

furnaces, e.g. 

crackers (Cont) 1

Electric arc furnace 

(Batch)1

Paper dryers (Cont - usually 

steam heat) 2

WtE incinerators 

(Cont) 3

Galvanising furnace 

(Cont) 2

Glass Lehr furnace 

(Cont) 2

Hazardous waste 

incinerators, no 

energy recovery 

(Batch) 1

Ceramic powder 

rotary kilns (Cont) 4

Metal melting (foundries 

- Batch) 1 Food manufacture (Cont) 2

Semiconductor & PV 

(Cont) 1

Metal heat treatment 

(air, inert gas, vacuum - 

Batch) 1

Printed circuit boards (Cont) 

2

Fluidised bed 

furnace (Batch) 1

Metal scrap recovery 

(Batch) 1 Microwave dryers 1, 2

Glass melting (remelting 

- Batch) 1

Electric dryers (Batch & 

Cont) 1, 2

Infrared drying and curing 

ovens (Cont + some batch) 

2 & some 1

Chamber and shuttle kilns  

(Batch) 1

Conveyor ovens - various 

processes (Cont) 2

Box ovens (Batch) 1

Grain dryers (Fluidised bed / 

mixed flow - Cont) 1

Rotary drum dryers (usually 

Cont) 4

Spray dryers (various 

materials -  Continuous) 1

Laboratory drying ovens 

(Batch) 1

Incubators (Batch) 1

Autoclaves (Batch) 1

Artisan furnaces (Batch) 1

Dental furnace (Batch) 1

Medium size 

industrial (standard / 

custom designs)

Very Large size 

(Usually custom 

designs)

Process type

Laboratory furnaces (Batch) 1, 4

Laboratory (most 

standard design) 

and small standard 

design industrial

Classification scheme 
- details 3

Size

Chemical 

reactions 

involving gas, 

liquid & solid

Chemical reactions 

where material 

remains mainly 

solid throughout

Mainly melting of 

solids

Heating solids, 

predominantly phase 

changes only

Steel blast furnace 

(Cont) 3

Cement kilns (Cont) 

4

Glass melting furnaces 

(Cont) 1, 2

Ceramics roller and tunnel 

kilns (Cont) 2

Steel Direct 

Reduction furnace 

(Cont) 3 Lime Kiln (Cont) 3

Non-ferrous metal 

melting - shaft furnace 

(Cont) 3

Ceramics drying ovens 

(Batch & Cont) 1, 2

Basic oxygen 

furnace (Batch) 1

Coating curing 

(Cont) 2

Metal holding furnace 

(Batch) 1

Steel heat treatment 

(various types - Cont) 2

Metal smelters (e.g. 

copper) (Cont) 1 - 4

Chemical production 

furnaces (Batch) 1

Induction metal melting 

(Batch) 1

Chemical dryers (box oven - 

Batch) 1

Petrochem 

furnaces, e.g. 

crackers (Cont) 1

Electric arc furnace 

(Batch)1

Paper dryers (Cont - usually 

steam heat) 2

WtE incinerators 

(Cont) 3

Galvanising furnace 

(Cont) 2

Glass Lehr furnace 

(Cont) 2

Hazardous waste 

incinerators, no 

energy recovery 

(Batch) 1

Ceramic powder 

rotary kilns (Cont) 4

Metal melting (foundries 

- Batch) 1 Food manufacture (Cont) 2

Semiconductor & PV 

(Cont) 1

Metal heat treatment 

(air, inert gas, vacuum - 

Batch) 1

Printed circuit boards (Cont) 

2

Fluidised bed 

furnace (Batch) 1

Metal scrap recovery 

(Batch) 1 Microwave dryers 1, 2

Glass melting (remelting 

- Batch) 1

Electric dryers (Batch & 

Cont) 1, 2

Infrared drying and curing 

ovens (Cont + some batch) 

2 & some 1

Chamber and shuttle kilns  

(Batch) 1

Conveyor ovens - various 

processes (Cont) 2

Box ovens (Batch) 1

Grain dryers (Fluidised bed / 

mixed flow - Cont) 1

Rotary drum dryers (usually 

Cont) 4

Spray dryers (various 

materials -  Continuous) 1

Laboratory drying ovens 

(Batch) 1

Incubators (Batch) 1

Autoclaves (Batch) 1

Artisan furnaces (Batch) 1

Dental furnace (Batch) 1

Medium size 

industrial (standard / 

custom designs)

Very Large size 

(Usually custom 

designs)

Process type

Laboratory furnaces (Batch) 1, 4

Laboratory (most 

standard design) 

and small standard 

design industrial

1 "Box"

2 Tunnel / conveyer

3 Tower / shaft

4 Horizontal tube / rotary

Electric

Gas

Coal/oil/gas combination

Waste 

Electric or gas (or oil)

Key to shape

Key to power source

1 "Box"

2 Tunnel / conveyer

3 Tower / shaft

4 Horizontal tube / rotary

Electric

Gas

Coal/oil/gas combination

Waste 

Electric or gas (or oil)

Key to shape

Key to power source



www.era.co.uk/rfa15

with

© ERA Technology Limited

Task 1 - Definition & Classification

ÅBoundaries of furnace or oven

ïStraightforward for many 
designs

ïNot simple for complex 
integrated installations:

ÅCement production

ÅSteel production (next slide)

ÅOil refineries

ïExcess heat / energy may be 
used for other processes

Door

Vent

Heating 

elements

Convection 

fan

Door

Vent

Heating 

elements

Convection 

fan
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Draft IPPC BREF (2011) ïenergy flow for 
integrated steelworks

Coke 
oven Basic 

oxygen 
furnace

BF

with
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Task 1 - Definition & Classification

ÅLegislation

ïEU - IPPC / IED

ÅIncludes all large-scale & some smaller-scale processes

ÅRegulates emissions of hazardous substances

ÅEnergy consumption not well regulated

ïEU ïETS

ÅAims to reduce CO2 emissions

ÅMay reduce or increase energy consumption

ïJapan Energy Act (see page 76 of report)

ÅImposes targets that regulate energy efficiency of industrial 
furnaces
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Task 1 - Definition & Classification

ÅJapan Energy Act ïimposes compulsory ñstandardò limits and optional 
ñtargetsò:

ï% energy recovered from combustion gases

ÅTarget depends on temperature and rated capacity

ÅProvides waste gas and preheated air temperatures as a guide

ÅObligatory heat recovery standard up to 45%, optional target up to 55%

ïGas / air ratio ïprocess specific values

ïExternal maximum temperature of furnace insulation

ÅLimits depend on internal temperature

ïPower factor (PF, e.g. induction & electric arc furnaces) 0.95 mandatory

ÅEU utilities estimate electricity generating costs for large installations to 
account for PF so that users can either modify their equipment to raise PF or 
pay. Not applicable for on-site generation 

ÅGHG emissions / kWh electrical heat increases as PF decreases
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Task 2 ïEconomic and Market Analysis Data 

needed for later tasks

ÅNeed data for annual sales and stocks in the EU

ÅPRODCOM Eurostat data not suitable

ÅData has been obtained from:

ïIPPC BREF guides (mainly for large-size, some gaps)

ïPublications (very limited)

ïStakeholder questionnaires (comprehensive for laboratory)

ïFrom stakeholders (very useful data provided)

ÅHowever we still have some data gaps
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Task 2 ïEconomic and Market Analysis
Sales & EU stocks

ÅData for sectors in tables 22 and 30 of report

ïEstimated totals

Size range Annual sales EU stocks

Large (>10t cap 
or >20t/day)

200 - 400 ~20,000

Small / medium 
industrial

15,000 300,000

Laboratory 50,000 800,000
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Task 2 ïEconomic and Market Analysis
Sales in millions EurosProduction and consumption Furnaces EU15
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Task 2 ïEconomic and Market Analysis

Size classification and type  Batch / continuous ratio  Heat source - Electricity / 
fossil fuel ratio  

Large furnaces and ovens  Mostly continuous Various sources used 

Small / m edium industrial  

All medium-size1 95% batch, 5% continuous  95% electricity, 5% gas  

Heat treatment (metals)  All vacuum and most induction are 
batch furnaces 

50% of thermal air atmos phere are 
batch processes, rest continuous 

Induction and vacuum are all 
electric 

Thermal are mostly electric except 
for largest which use gas 

Metal melting Most batch melting (large-size 
furnaces are more often continuous) 

Mostly gas or oil 

Ovens 95% were batch from 2009 sales 
(80% were batch in 2000)  

80% electric, rest gas/oil.  

Laboratory  Mostly batch Electricity  

 

                                                

1 From one German manufacturer who has a significant market share 

N.B. Data for small / medium industrial is from 3 stakeholders
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Task 2 ïEconomic and Market Analysis
Estimates made using data from stakeholders

ÅSmall & Medium Industrial ïestimates made for EU market using 
data provided by 3 stakeholders:

Å~15,000 sold / year

Å40% are furnaces (>650 C) : 60% are ovens (<650 C) 

ÅFurnaces

ï85% batch : 15% continuous

ï85% electric : 15% gas

ÅOvens

ï80% batch : 20% continuous 

ï85% electric : 15% gas

ÅDo you agree?

ÅCan you provide better data?
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Task 2 ïEconomic and Market Analysis
Operating costs - energy

ÅEnergy consumption data ïtables 22 &  35 of report

ÅFurnace / oven lifetime ïvaries from 7 to >100 years

ïSee table 34

ÅSales data:

ïñNewò ïgreen field site may require new building, etc.

ïReplacement ïalso new but constrained by space available

ïñRebuiltò or ñrefurbishedò

ÅCould effectively be a replacement oven or furnace *

ÅRebuild existing furnace / oven ïreplace most parts *

ÅReplace insulation only ïnot a new furnace / oven *

ï* opportunity for eco -design improvements
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Task 3 - User Requirements

ÅUser information

ïExtensive energy consumption data for large industrial

ïVery limited energy consumption data for small / medium 
industrial and laboratory

ÅUser behaviour in use phase

ïUsers requirements define overall design

ÅRequirements that limit primary energy efficiency e.g.

ïProduction capacity (large-scale usually more efficient / tonne)

ïSpace available (e.g. need very tall buildings for shaft melting 
furnace)

ïEnergy source (electricity is not primary energy)

ïAvailability of uses for waste heat ïmay be limited
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Task 3 - User Requirements

ÅOperational Issues (that affect energy consumption)

ïCapacity (lower efficiency if furnace not full)

ïMaintenance (>2.5% savings possible)

ïWorking patterns (up  to 9% savings possible)

ïEnergy tariffs (is electricity cheaper at night?)

ÅEnd of life

ïReuse after refurbishment is common practice

ïRecycling ïmetals recovered for reuse but insulation to 
landfill
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Task 4 

Assessment of base-cases
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Task 4 ïAssessment of base-cases ï
includes:

ÅTask 4 reviews all technologies currently used in the EU

ïFor construction of new furnaces and ovens

ÅEnvironmental and health impacts are both considered:

ïEnergy consumption (most significant environmental impact)

ïHazardous materials used in furnace or oven & from fuel, but not 
from processes unless this is significantly influenced by eco-design

ÅBase-case assessment of representative furnaces and ovens used to 
determine what are the most significant environmental impacts

ÅResults used to estimate life cycle costs (LCC) for base-cases

ïThese will be compared with BAT designs

ÅTo estimate EU27 environmental impacts

ïDetermine which impacts are significant and whether eco-design 
requirements are justified
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Task 4 ïAssessment of base-cases
Range of furnaces / ovens on EU market

Large 
industrial

Laboratory

ÅMost are 
standard design

ÅSold in large 
numbers / year

ÅEach has small 
energy 
consumption

ÅMost are 
custom design

ÅFar fewer sold 
/ year

ÅEach has very 
large energy 
consumption
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Task 4 ïAssessment of base-cases 
Approaches used

ÅLaboratory ïstandard approach used is same as for most other 
eco-design studies

ïSelected a representative laboratory oven

ÅSmall / medium industrial

ïDesigns are much more varied than is typical for previous eco-
design studies

ïSelected base-cases with ñrepresentative simplified BOMò to 
determine most significant environmental impact 

ÅLarge industrial

ïSelected two example BOMs to determine which environmental 
impacts are largest but using calculated average energy 
consumption of a large-size furnace & oven
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Task 4 ïAssessment of base-cases -
Suggested boundaries ïused for base-case analysis

Classification Includes ïsuggested boundaries

Laboratory (designed to 
be used in laboratories)

Ovens <750 litres, Furnaces <120 litres 

Some are used by industry

Small ïmedium 
industrial (designed for 
industrial use)

Batch <10 tonnes capacity or <10MW

Continuous <20 tonnes / day or < 20MW

Some small industrial used in laboratories

Large industrial Batch >10 tonnes capacity or >10MW

Continuous >20 tonnes / day or >20MW

Note: This size classification may not be necessary for eco-design requirements 
ïwe could use other classifications if appropriate
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Task 4 ïAssessment of base-cases
Possibleeventual outcomes

ÅThere could be one approach for standard designs (e.g. 
laboratory and small industrial) and a different approach 
for custom designs

ïFor standard designs (lab & small industrial)

ÅNeed standard energy consumption test method(s) before 
MEPs (Minimum Energy Performance Standards) can be 
specified and adopted

ïISO 13579 measures energy consumption & efficiency for 
specific processes

ïTest method for standard multi -purpose furnaces and ovens 
would need to define representative ñdummy loadsò

ÅStandard energy consumption test methods are being 
developed for commercial catering ovens
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Task 4 ïAssessment of base-cases 
Possibleeventual outcomes

ïFor custom designs

ÅImposition of minimum energy efficiency values for every 
process is impractical ïfar too many processes (1000ôs) and 
limits would need to be capacity-dependent

ÅMuch simpler option is to specify minimum energy performance 
based on Japanese legislation

ÅFirst need to determine minimum performance parameters by

ïCollecting data on currently installed new furnaces/ovens and;

ïDetermine what improvement is achievable.

ïWe will also consider cost impact

ÅThis approach could be used for custom designs ïfrom small 
to very large industrial

ïBut need to know what to exclude due to technical constraints
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Task 4 ïAssessment of base-cases 
Issues covered by report

ÅBase-case assessment assumptions

ïAnnual energy consumption

ÅFurnace and oven technology ïdescribed in report

ïInsulation

ïHeat sources

ïHeat recovery

ïProcess control

ÅBase-case calculations

ÅResults
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Task 4 ïAssessment of base-cases 
Assumptions for base-cases

ÅBOM Assumptions:

ïBC1: All laboratory ovens in the EU consume far more energy 
than all EU lab furnaces, incubators or sterilisers. Estimated to 
consume ~5.4 TWh/y

ïBC2ï5: Small / medium industrial (not BAT designs) ïthose 
most frequently sold will be available as standard designs & most 
common size is ~ middle of standard design ranges

ÅEstimate that simplified BOMs (Mostly the quantities of steel & 
insulation/refractories) of these ñrepresentò >60% - possibly >70% of 
all small / medium-size

ïBC6: Large industrial furnace ïselected continuous design 
with no melting or smelting

ïBC7: Large industrial oven ïSelected continuous drying oven
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Task 4 ïAssessment of base-cases
Assumptions for base-cases

ÅInput to base -cases 2 ï7 provided by several furnace & oven 
manufacturers

ïUsed simplified BOMs including quantities of main materials ï
steel, insulation, etc.

ïRatio of materials & energy consumed intended to be 
representative of a large proportion of furnaces and ovens

ÅRepresentative = typical ratios ïwe know that this varies 
considerably

ÅResults will be of limited accuracy because insulation materials are not 
included in EcoReport tool

ïResults are used mainly to determine which are the largest 
environmental impacts

ïResults also give an indication of total EU energy consumption 
which we will compare with data from other sources
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Task 4 ïAssessment of base-cases 
Energy consumption assumptions

ÅBC1: Laboratory oven energy consumption

ïEnergy consumption to maintain maximum temp of empty 
oven x 3 to account for heat up of oven and to heat process 
materials: assume total = ~2kWh/hr 

ÅNote: almost no actual consumption data is available!

ÅBC2 ï5: Estimated from power rating values 

ïSee next slide

ÅBC6 & 7: EU average values calculated, 

ïSee Table 58 of report (following slide)
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Task 4 ïAssessment of base-cases  
Energy consumption for BC 2 - 5

Parameter Units BC2 

Batch oven

BC3 

Continuous 
oven

BC4 

Batch 
furnace

BC5 

Continuous 
furnace

Power 
rating

KW 66 60 235 60

Electric 
version

KWh /h 30 40 140 40

Gas 
version

kWh /h 40 52 187 52

Operating 
time per 
year

Hours 5 000 5 760 5 000 5 760



Furnaces

Sector Sales Refurb Stock

Average  

energy 

consumption 

MWh/y (newly 

sold)

Total stock 

energy 

consumption 

TWh/y (based 

on newly sold)

Energy 

consumption 

annual sales 

GWh/y

Actual energy 

consumption 

of EU stock 

old furnaces 

less efficient

Cement 2 2 377 735,000 277 1,470 315.78

Lime 1.2 1 600 50,000 30 60 34.5

Steel production 

except electric arc 0 10 329 389 447.35

Electric arc (steel) 1 1 209 215,311 45 215 56.25

Container glass 

melting 25 17 300 53,333 16 1,333 17.6

Flat glass melting 0 4 58 220,690 12.8 14.08

Glass wool & 

domestic 25 270 29,630 8 741 8.8

Other glass 27 29.7

Brick & roof tile 10 750 35,378 27 354 31.8401592

Ceramic tiles & 

sanitary ware, 10 900 28,889 26 289 31.200156

Other ceramic 4 100

Oil refinery 45 1800 50,000 90 2,250 99

WtE incinerators 10 10 903 5,500 5 55 5

Metal smelting and 

melting 10 10 400 17,500 7 175 7.7

Annual prodn and 

Energy / tonne for 

copper 10 11.44

Large metal re-

heating / heat 

treatment 20 400 100,000 40 2,000 44

Others not included 

above 5 50 10000 1 50 1.1

Furnace totals 168 55 7,446 1,011 8,992 1,155

Ovens

Brick & roof tile 10 750 17,687 13 177 15.918408

Ceramic tiles & 

sanitary ware, 10 900 14,444 13 144 15.599844

Bakery 30 700 17,000 11.9 510 13.09

Others 6 150 10000 1.5 60 1.65

Oven totals 56 2500 59,131 40 891 46

Totals 224 55 9,946 1,050 9,883 1,202

TWh/y GWh/y TWh/y

Primary energy consumption

Calculation of average 
energy consumption of 
large furnaces and ovens 
(page 152 of report)

with
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Task 4 ïAssessment of base-cases 
Energy consumption in the use phase

ÅLaboratory ïsome data is available on energy consumption to 
maintain temperature of empty oven / furnace (this is useful for 
comparison)

ÅTrends

ïLarger size consume less energy / litre than smaller sizes

ÅPartly due to surface area : volume ratio

ï1 litre cube surface area = 600 cm 2

ï2 litre cube surface area = 952 cm 2

ïEnergy consumption increases as maximum temperature rises

ÅDue to increased thermal gradient

ïHowever, variation in performance is apparent from the limited 
data available
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Task 4 ïAssessment of base-cases 
Data for Lab furnaces at 1000 C
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Task 4 ïAssessment of base-cases 
Energy consumption in use phase

ÅSmall / Medium industrial ïVery large variation in 
energy consumption

ïNo actual consumption data available

ïDifficult to estimate energy consumption - as usage 
patterns vary, power rating very varied and consumption 
depends on heat capacity of load

ïThere are no standard energy consumption test methods 

ïMany very varied designs ïso many different test methods 
would be needed

ïVery large range of sizes / capacity 
(e.g. 100 ï5000MWh/year)
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Task 4 ïAssessment of base-cases 
Energy consumption in use phase

ÅLarge industrial

ïSome energy consumption data is available in Lot 4 report, 
which has been obtained from various sources including 
IPPC BREF guides (but there are gaps!)
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Task 4 ïAssessment of base-cases 
Definition of base-cases

ÅReview of current technology - task 4 of report describes technology 
currently used including the best performing technologies

ïProcess specific designs (e.g. for cement, lime, glass, etc.)

ïDesign technology, e.g.

ÅInsulation 

ÅHeat sources (burners, etc.)

ïSome heat sources are process specific , e.g. microwave

ÅHeat recovery and re-use

ïDesigns that influence energy consumption include:

ÅContinuous / batch

ÅControl of ventilation through ovens

ÅDesign and materials of kiln cars and kiln furniture

ÅDesigns to minimise water cooling

ïMany designs however are process specific
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Task 4 ïAssessment of base-cases
Technology in current use

ÅInsulation and refractories - wide variety of types are used

ïHeat capacity and thermal conductivity are important for 
energy consumption

ÅHeat sources

ïMany types available 

ÅBest designs, e.g. regenerative burners, infrared heaters, 
microwave, etc. can give large energy savings

ÅBest designs consume less fuel (e.g. gas)

ÅHeat recovery

ïSeveral methods used ïrely on being able to use recovered 
heat ïmay depend on entire installation design
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Task 4 ïAssessment of base-cases
Technology in current use

ÅFurnace / oven design

ïSome designs recover and re-use heat within process 

ïHeat transfer efficiency ïnovel burners, IR, microwave, etc.

Åshorter process time reduces time for heat losses to occur

ÅHeat recovered from combustion gases, product, etc., use for: 

ïPre-heating or drying raw materials

ïHeating air / fuel for burners (recuperative and regenerative)

ïReuse of heat elsewhere ïby a different process, steam 
generation, electricity generation, etc.

ÅProcess efficiency varies considerably ïnext slide: data for best 
performing large furnaces
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Task 4 ïAssessment of base-cases ï
Examples of best performing large furnaces

Process Energy efficiency 
(from published Sankey 

diagrams)

Comments

Parallel flow regenerative 
lime kiln

~90% No further improvement 
likely

Rotary cement kiln with 
pre-heater and pre-
calciner

~70% Largest heat loss in flue 
gases although some of this 
heat may be used elsewhere

Cross-fired regenerative 
glass melting

~50% Pre-heating of raw materials 
is uncommon

Brick tunnel kiln ~68% Sankey diagram from 2006 ï
could be improved

Steel electric arc furnace 70% (electrical 
efficiency ïnot primary)

Heat lost in flue gases and 
cooling water

Steel re-heating 75% Fairly high efficiency, most 
losses in flue gases
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Task 4 ïAssessment of base-cases
Currently used technology

ÅInsulation and refractories

ïMany types and combinations are used depending on process requirements

ïThermal mass affects energy consumption during heat up 

ÅEspecially important for batch processes

ïThermal conductivity affects rate of heat loss through walls

ÅCan limit cooling rate if very low

ïPossible to calculate heat loss for any combination of materials and layer 
thickness to determine optimum for performance and price

ÅConstraints on choice

ïChoice limited due to need to be resistant to process characteristics & 
temperature

ïMust be chemically resistant 

ïMust be used within upper temperature limit

ÅUpper limit may be lower if gas velocity high or if process material is corrosive
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Task 4 ïAssessment of base-cases
Currently used technology

ÅHeat sources

ï Burner designs that reduce fuel consumption

ÅPre-heated air

ÅRecuperative and regenerative

ÅñFlamelessò ïreduces NOx formation

ÅOxy-fuel ïenergy needed to generate oxygen

ï Electricity

ÅMaximum 30% primary energy efficient due to generating losses

ÅCan be low GHG emission option if electricity generated from fossil fuel-free sources

ÅNovel efficient designs ïinfrared, induction, microwave ïheat materials / parts directly 
so consume less energy heating the furnace

ï Waste and biomass (to reduce fossil carbon emissions)

ÅVery limited availability & need waste license

ÅSome wastes are derived from materials made from fossil carbon (e.g. plastics)

ÅBiomass must be ñsustainableò ïe.g. not grown on land that was virgin rainforest, or 
replacing food crops
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Task 4 ïAssessment of base-cases
Currently used technology - Hazardous substances

Å Insulation and refractories

ï Crystalline silica classified IARC as a human carcinogen (causes silicosis) ïpresent in 
most refractories (dust when cut)

ï Alumino-silicate fibre insulation ïType of HTIW (big energy savings from increased 
use)

ÅClassified in the EU as a Category 2 carcinogen but no evidence of human cancer ï
ECHA report

ÅClassification is disputed ïthis is outside scope of this study

ÅAlternatives ï

ï AES ïalready used where possible 

ï Polycrystalline wool ï15 x price so could make EU industry less competitive

ï Other types will result in higher energy consumption

ÅAs the classification could affect furnace energy consumption and it is disputed, re-
assessment may be beneficial

ÅBurners

ï There is potential to emit CO and nitrogen oxides

ÅBoth can be well-controlled by using suitable designs

ÅBoth are regulated by IED for processes that are in scope
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Task 4 ïAssessment of base-cases
Definition of Base-Cases

Classification Base-case
Oven (O)/ 

Furnace (F)
Continuous 

(C)/Batch(B)
Fuel

Laboratory ovens BC 1 LO O B Gas

Medium sized 
industrial ovens and 
furnaces

BC 2a MIBOe O B Electricity

BC 2b MIBOg O B Gas

BC 3a MICOe O C Electricity

BC 3b MICOg O C Gas

BC 4a MIBFe F B Electricity

BC 4a MIBFg F B Gas

BC 5a MICFe F C Electricity

BC 5b MICFg F C Gas

Large industrial 
ovens and furnaces

BC 6 LIF F C Gas

BC 7 LIO O C Gas
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Task 4 ïAssessment of base-cases
Inputs ïProduction phase

Base-
case

Weight
1

Bulk
Plastics

2
Tech.

Plastics

3
Ferro

4
Non -
ferro

5
Coating

6
Electronics

7
Misc.

Total

BC 1 LO kg 0.2 0.5 40 0.5 0 0.1 3.8 45

% 0% 1% 89% 1% 0% 0% 8% 100%

BC 2 
MIBO

kg 12 0 2 391 26.4 0 4.8 228 2 662

% 1% 0% 90% 1% 0% 0% 9% 100%

BC 3 
MICO

kg 20 0 8 660 170 0 10 1 640 10 500

% 0% 0% 83% 2% 0% 0% 16% 100%

BC 4 
MIBF

kg 7.5 0 6 629 10.5 0 2.5 802 7 451

% 0% 0% 89% 0% 0% 0% 11% 100%

BC 5 
MICF

kg 7.5 0 2 599 25.5 0 2.5 125 2 760

% 0% 0% 94% 1% 0% 0% 5% 100%

BC 6 LIF kg negligible negligible 409 000 negligible negligible negligible 2 893 000 3 302 000

% 0% 0% 12% 0% 0% 0% 88% 100%

BC 7 LIO kg negligible negligible 184 000 negligible negligible negligible 2 262 000 2 446 000

% 0% 0% 8% 0% 0% 0% 96% 100%
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Task 4 ïAssessment of base-cases
Inputs ïDistribution phase

Base-case
Volume of packaged 

product (in m 3)

BC 1 LO 0.25

BC 2 MIBO 15

BC 3 MICO 35

BC 4 MIBF 20

BC 5 MICF 6

BC 6 LIF 2 430

BC 7 LIO 5 570
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Task 4 ïAssessment of base-cases
Inputs ïUse phase

Base-case
Consumption 

per hour (kWh)

Number of 
hours per 

year

Lifetime 
(years)

Number of 
km over the 
product life

BC 1 LO 2 5 000 15 500

BC 2a MIBOe 30 5 000 25 -

BC 2b MIBOg 40 5 000 25 -

BC 3a MICOe 40 5 760 25 -

BC 3b MICOg 52 5 760 25 -

BC 4a MIBFe 140 5 000 - -

BC 4a MIBFg 187 5 000 25 -

BC 5a MICFe 40 5 760 25 -

BC 5b MICFg 52 5 760 25 -

BC 6 LIF 18 852 7 200 35 -

BC 7 LIO 2 203 7 200 35 -
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Task 4 ïAssessment of base-cases
Inputs ïEnd-of-Life (EOL) phase

ÅPercentage of weight to landfill: 1%

ÅRecycling

ÅMetals: 

ï95% recycled

ÅPaper, cardboard and plastics: 

ï90% incineration (thermal recycling) and 

ï10% reuse and recycling
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Task 4 ïAssessment of base-cases
Market data

Base-case Sales (2008) Stock (2008)

BC 1 LO 25 000 400 000

BC 2a MIBOe 6 885 122 400

BC 2b MIBOg 1 215 21 600

BC 3a MICOe 765 30 600

BC 3b MICOg 135 5 400

BC 4a MIBFe 4 860 86 700

BC 4a MIBFg 540 15 300

BC 5a MICFe 540 15 300

BC 5b MICFg 60 2 700

BC 6 LIF 168 7 446

BC 7 LIO 56 2 500
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 1 (Lab oven)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 2a (MIBOe)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 2b (MIBOg)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 3a (MICOe)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 3b (MICOg)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 4a (MIBFe)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 4b (MIBFg)

-80%

-60%

-40%

-20%

0%

20%

40%

60%

80%

100%

Material Manufacturing Distribution Use End-of-life



www.era.co.uk/rfa64

with

© ERA Technology Limited

Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 5a (MICFe)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 5b (MICFg)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 6 (Large industrial furnace)
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Task 4 ïAssessment of base-cases
Env. Impact Assessment - BC 7 (Large industrial oven)


