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ER 4

Introduction ERA
with b om‘

A The project partners
ERA ERA Technology, UK

TECHNOLOGY

AEngineering consultancyi regulatory compliance, policy
analysis system safety, technical engineering support

A . . .
blo" Bio Intelligence Service, France

Service

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

AAt the interface between the environment and products,
providing a large range of services for public and private
decision makers
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ERA

Background =
- Why study furnaces & ovens? with | Qieeene

A EU aims to reduce CO2 emissions
I 20% by 2020 (30% proposed)
I 80% by 2050 T ambitious T will need BIG changes

A Furnaces and ovens determined to be 4t largest energy
user in EUT EPTA Working Plan study:

I Estimated ~6,000 PJ total energy consumption (1,670 TWh)
I 20% improvement potential in energy consumption possible
A Eco-design preparatory studies

I to determine if there is significant improvement potential T
e.g. reduction in energy use
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ERA
Background el )
- Opportunity or threat? with pj Oyeere

A Opportunity to:
I Significantly reduce CO2 emissions

I Reduced energy costs for users
I Increase sales of new furnaces / ovens by EU manufacturers

Alncreased sales of more efficient designs of furnaces & ovens
AAccelerate replacement of old inefficient furnaces & ovens

A Threat:
I Compliance with new legislation difficult / expensive

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

I Users might relocate outside EU due to increased costs

ANeed to understand market i consider incentivesi we need to know
size of increased costs for eco-design improvements
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Background EEIT},,‘

- Eco-design studies with bj O

A Many have already been completed
I 13 EU regulations adopted as a result so far
I 2 self requlatory agreements

A Early studies were on consumer products

Il ncreasingly focusing on 1 nc
products

A Furnaces and ovens different:
I Due to the very wide variety of designs and uses

I Many are custom designed

I Large furnaces and ovenscan be designed using best
available technology (BAT)

www.era.co.uk/rfa © ERA Technology Limited



Background Eelea )
- Aims of this study |

A Provide data to European Commission on industrial and
laboratory furnaces and ovens to enable them to make

policy decisions
I All eco-design aspects considered but energy Is priority

A EC will decide what action is appropriate based on results
from study
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TECHNOLOGY

A
With b I ‘é‘;tr“"l-igeéce

Tasks 1 - 3
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ER 8

Task 11 Definition & Classification el )
with blO‘g;f‘;\',';ﬁi"“-’

A Definition i what is a furnace or oven?

A Definition must describe the equipment i not the process

I What is the primary function of equipment? Not the purpose
of the process

A Essential characteristics are:
I Fully or partly enclosed chamber and

I Heated interior
AElectrici e.g. resistance heating
AFossil fuel (e.g. gas) burners

AChemical reactionsi e.g. blast furnace
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ER a8

Task 1 - Definition & Classification Y/

= .
Wlth b I O'S'é;“llllgf;r'o

A Many ways to classify

By size: small / medium / large

By energy source: electricity, gas, etc

Batch / continuous

Standard or custom design

By industry sector i e.g. glass, ceramics, oil, steel, etc.

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

AProduction (tonnes) per day
ARated or actual power consumption / year

APower rating (e.g. MW etc.)

1010
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Classification

scheme

-see following 3 slides
>>

Process type

Chemical Chemical reactions

reactions where material Heating solids,

involving gas, remains mainly Mainly melting of predominantly phase
Size liquid & solid solid throughout |solids changes only

Steel blast furnace [Cement kilns (Cont) [Glass melting furnaces |Ceramics roller and tunnel

(Cont) 3 4 (Cont) 1,2 kilns (Cont) 2

Steel Direct Non-ferrous metal

Reduction furnace melting - shaft furnace |Ceramics drying ovens

(Cont) 3 Lime Kiln (Cont) 3 |(Cont) 3 (Batch & Cont) 1, 2

Very Large size
(Usually custom
designs)

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

WIE incinerators
(Cont) 3

Electric arc furnace
(Batch)1

Paper dryers (Cont - usually
steam heat) 2

Galvanising furnace
(Cont) 2

Glass Lehr furnace
(Cont) 2

Key to shape

"BOX"

Tunnel / conveyer

Horizontal tube / rotary

1
2
3| Tower / shaft
4
e

y L0 power source

Electric

Gas

Coal/oil/gas combination

Medium size
industrial (standard /
custom designs)

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

W aste

Electric or gas (or oil)

Laboratory (most
standard design)
and small standard
design industrial

Laboratory drying ovens
(Batch) 1

Incubators (Batch) 1

Autoclaves (Batch) 1

Laboratory furnaces (Batch) 1, 4

Artisan furnaces (Batch) 1

Dental furnace (Batch) 1




Classification scheme

- details 1 Process type
Chemical Chemical reactions
reactions where material Heating solids,
involving gas, remains mainly Mainly melting of predominantly phase

Size liquid & solid solid throughout [solids changes only

Steel blast furnace |Cement kilns (Cont) |Glass melting furnaces |Ceramics roller and tunnel
(Cont) 3 4 (Cont) 1, 2 kilns (Cont) 2
Steel Direct Non-ferrous metal
Reduction furnace melting - shaft furnace |Ceramics drying ovens
(Cont) 3 Lime Kiln (Cont) 3 [(Cont) 3 (Batch & Cont) 1, 2

Very Large size
(Usually custom
designs)

Key to shape

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

WHIE incinerators
(Cont) 3

Electric arc furnace
(Batch)1

Paper dryers (Cont - usually
steam heat) 2

Galvanising furnace
(Cont) 2

Glass Lehr furnace
(Cont) 2

Key

y t0 power source

"Box"

Electric

Tunnel / conveyer

Gas

Coal/oil/gas combination

1
2
3| Tower / shaft
4

Horizontal tube / rotary

Waste

Electric or gas (or oil




Classification scheme

- detalls 2

Process type

Medium size
industrial (standard /
custom designs)

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&somel

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

Key to shape Key to power source . .
"Box" Electric materials - Continuous) 1
Tunnel / conveyer Gas

Coal/oil/gas combination

1
2
3| Tower / shaft
4

Horizontal tube / rotary

Waste

Electric or gas (or oil




Classification scheme

- details 3 Process type
Laboratory drying ovens

Laboratory (most I(Bat(t:)h)tl Satch 1

standard design) NALIOEIELS ([Elich)
Autoclaves (Batch) 1

and small standard
desian industrial Laboratory furnaces (Batch) 1, 4
g Artisan furnaces (Batch) 1

Dental furnace (Batch) 1

Key to shape Key to power source
1["Box" Electric
2| Tunnel / conveyer Gas
3| Tower / shaft Coal/oil/gas combination
4|Horizontal tube / rotary Waste
Electric or gas (or oil




ER a8

Task 1 - Definition & Classification Y/
with oj O

A Boundaries of furnace or oven

I Straightforward for many
designs

I Not simple for complex
Integrated installations:

Convection
fan

ACement production

ASteel production (next slide)

. . . Heating
AQil refineries elements

I EXxcess heat / energy may be
used for other processes
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Draft IPPC BREF (2011)i energy flow for
Integrated steelworks

ERA

TE(.ZHNDL(?\G’Y”
with ] om@e‘
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ER 4

Task 1 - Definition & Classification e )
with bjo-
A Legislation
i EU- IPPC/IED

Alncludes all large-scale & some smallerscale processes
ARegulates emissions of hazardous substances
AEnergy consumption not well regulated

I EUT ETS
AAims to reduce CO2 emissions

AMay reduce or increase energy consumption

I Japan Energy Act (see page 76 of report)

Almposes targets that regulate energy efficiency of industrial
furnaces
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ER 4

Task 1 - Definition & Classification e )
with bjo-

A Japan Energy Actii mposes compul sory fistandai
Atarget so:

I % energy recovered from combustion gases
A Target depends on temperature and rated capacity
A Provides waste gas and preheated air temperatures as a guide
A Obligatory heat recovery standard up to 45%, optional target up to 55%
I Gas/ airratio T process specific values
I External maximum temperature of furnace insulation
A Limits depend on internal temperature
I Power factor (PF, e.g. induction & electric arc furnaces) 0.95 mandatory

A EU 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

A GHG emissions / kWh electrical heat increases as PF decreases

www.era.co.uk/rfa © ERA Technology Limited



Task 21 Economic and Market Analysis Data ERA“ /

needed for later tasks with | Qieeene

A Need data for annual sales and stocks in the EU
A PRODCOM Eurostat data not suitable

A Data has been obtained from:
I IPPC BREF guides (mainly for largesize, some gaps)
I Publications (very limited)
I Stakeholder questionnaires (comprehensive for laboratory)

I From stakeholders (very useful data provided)

A However we still have some data gaps
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Task 21T Economic and Market Analysis TEGHNOLOGY
Sales & EU stocks with ] Ogere

eeeee

A Data for sectors in tables 22 and 30 of report

I Estimated totals

Size range Annual sales EU stocks
Large (>10t cap 200 - 400 ~20,000
or >20t/day)

Small / medium 15,000 300,000
iIndustrial
Laboratory 50,000 800,000
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Task 21 Economic and Market Analysis

Sales in millions Euros

ER 4

TECHNOLOGY
. M ”‘
Wlth b' Olséznlll‘:‘:o

Millions Euros

7000

EU
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5000 4

Produ
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Consumption-
In the EU
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0
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1997
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2001 2003 2005

Year

2007

Data from CECOF
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TECHNOLOGY

Task 21 Economic and Market Analysis Y 1Y,
with o] O
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-size

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% wer e batch from 2009 sales 80% electric, rest gas/oil.
(80% were batch in 2000)
Laboratory Mostly batch Electricity

N.B. Data for small / medium industrial is

from 3 stakeholders

www.era.co.uk/rfa




ER a8

Task 21 Economic and Market Analysis eeetey g
Estimates made using data from stakeholders with bi"‘omgrce
A Small & Medium Industrial | estimates made for EU market using

data provided by 3 stakeholders:
A ~15,000 sold / year
A 40% are furnaces (>650 °C) : 60% are ovens (<650 °C)
A Furnaces
I 85% batch : 15% continuous
I 85% electric : 15% gas
A Ovens
I 80% batch : 20% continuous
I 85% electric : 15% gas
A Do you agree?
A Can you provide better data?
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Task 21 Economic and Market Analysis EBA“;‘

Operating costs - energy with 0] Quier

A Energy consumption datai tables 22 & 35 of report
A Furnace / oven lifetime i varies from 7 to >100 years
I See table 34

A Sales data:
i i N e Wwgreen field site may require new building, etc.
I Replacementi also new but constrained by space available
i ARebui |l to or fArefurbishedo

ACould effectively be a replacement oven or furnace *
ARebuild existing furnace / oven i replace most parts *
AReplace insulation onlyi not a new furnace / oven *

I * opportunity for eco -design improvements

2424
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ER 8

Task 3 - User Requirements el )
with blO‘g;f‘;\',';ﬁi"“-’

A User information
I Extensive energy consumption data for large industrial

I Very limited energy consumption data for small / medium
Industrial and laboratory

A User behaviour in use phase

I Users requirements define overall design

ARequirements that limit primary energy efficiency e.g.
I Production capacity (large-scale usually more efficient / tonne)

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

I Energy source (electricity is not primary energy)
I Availability of uses for waste heat T may be limited

25 www.era.co.uk/rfa
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Task 3 - User Requirements

A Operational Issues (that affect energy consumption)
I Capacity (lower efficiency if furnace not full)
I Maintenance (>2.5% savings possible)
I Working patterns (up to 9% savings possible)
I Energy tariffs (is electricity cheaper at night?)
A End of life

I Reuse after refurbishment is common practice

I RecyclingT metals recovered for reuse but insulation to
landfill
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Task 4

Assessment of basecases

27
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Task 417 Assessment of basecasesi ERA“ /b

inCIUdeS: With bi Olr‘tell.qw:e

Service

A Task 4 reviews all technologies currently used in the EU
I For construction of new furnaces and ovens
A Environmental and health impacts are both considered:
I Energy consumption (most significant environmental impact)

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

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

A Results used to estimate life cycle costs (LCC) for basecases
I These will be compared with BAT designs
A To estimate EU27 environmental impacts

I Determine which impacts are significant and whether eco-design
requirements are justified
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Task 417 Assessment of basecases

Range of furnaces / ovens on EU market

ER 4

TECHNOLOGY

A

AMost are
standard design

ASold in large
numbers / year

AEach has small
energy
consumptio

Energy consumption of
furnace /oven

Range
between
ese two

AMest are
custom design

AFar fewer sold
[ year

AEach has very
large energy
consumption

SIZE — Laboratory

Small / medium
industrial

Large
industrial

29
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Task 417 Assessment of basecases ERA:‘ /

Approaches used with pj Qe

A Laboratory i standard approach used is same as for most other
eco-design studies

I Selected a representative laboratory oven
A Small / medium industrial

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

I Selectedbasecases with Arepresentat.
determine most significant environmental impact

A Large industrial

I Selected two example BOMs to determine which environmental
Impacts are largest but using calculated average energy
consumption of a large-size furnace & oven

30
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ER 4

Task 41 Assessment of basecases- et
Suggested boundariesi used for base-case analysis with D] Ot
Classification Includes 1 suggested boundaries

Laboratory (designed to | Ovens <750 litres, Furnaces <120 litres

be used in laboratories) Some are used by industry

SmallT medium Batch <10 tonnes capacity or <10MW
iIndustrial (designed for

. . Continuous <20 tonnes / day or < 20MW
iIndustrial use)

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 ecodesign requirements
I we could use other classifications if appropriate
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Task 417 Assessment of basecases ERA” m

Possibleeventual outcomes with pj Oyeere

Service

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

I For standard designs (lab & small industrial)

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

I 1SO 13579 measures energy consumption & efficiency for
specific processes

I Test method for standard multi -purpose furnaces and ovens
woul d need to define represer

AStandard energy consumption test methods are being
developed for commercial catering ovens

www.era.co.uk/rfa © ERA Technology Limited



Task 417 Assessment of basecases ERA” m

Possibleeventual outcomes with pj Oyeere

Service

I For custom designs

Almposition of minimum energy efficiency values for every
process isimpracticali f ar t oo many proce:
limits would need to be capacity-dependent

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

AFirst need to determine minimum performance parameters by
I Collecting data on currently installed new furnaces/ovens and,;
I Determine what improvement is achievable.
I We will also consider cost impact

AThis approach could be used for custom designsi from small
to very large industrial

I But need to know what to exclude due to technical constraints

www.era.co.uk/rfa © ERA Technology Limited



Task 417 Assessment of basecases ERA“ /5

Issues covered by report with pj Qe

A Base-case assessment assumptions
I Annual energy consumption
A Furnace and oven technologyi described in report
I Insulation
I Heat sources
I Heat recovery

I Process control
A Basecase calculations
A Results

34 www.era.co.uk/rfa © ERA Technology Limited



Task 417 Assessment of basecases

TECHNOLOGY
Y17/

Assumptions for base-cases with Ot

Service

A BOM Assumptions:

BC1: Alllaboratory ovens in the EU consume far more energy
than all EU lab furnaces, incubators or sterilisers. Estimated to
consume ~5.4 TWhly

BC2A 5: Small / medium industrial (not BAT designs) 1 those
most frequently sold will be available as standard designs & most
common size is ~ middle of standard design ranges

AEstimate that simplified BOMs (Mostly the quantities of steel &
Il nsul ation/ refractor i e s-)posshlly>T0% efs
all small / medium-size

BC6: Large industrial furnace | selected continuous design
with no melting or smelting

BC7: Large industrial oven 1 Selected continuous drying oven

35
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Task 417 Assessment of basecases ERA“ /

Assumptions for base-cases with pj Qe

A Input to base -cases 21 7 provided by several furnace & oven
manufacturers

I Used simplified BOMs including quantities of main materialsi
steel, insulation, etc.

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

ARepresentative = typical ratios i we know that this varies
considerably

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

I Results are usedmainly to determine which are the largest
environmental impacts

I Results also give an indication of total EU energy consumption
which we will compare with data from other sources

36
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Task 417 Assessment of basecases ERA

Energy consumption assumptions with b|c')t:‘

A BC1: Laboratory oven energy consumption

I Energy 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

ANote: almost no actual consumption data is available!
ABC2i 5: Estimated from power rating values
I See next slide
ABCG6 & 7: EU average values calculated,
I See Table 58 of report (following slide)
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Task 417 Assessment of basecases

Energy consumption for BC 2- 5 with b|o'f‘

Parameter | Units BC2 BC3 BC4 BC5
Batch oven | Continuous Batch Continuous

oven furnace furnace

Power KW 66 60 235 60

rating

Electric KWh /h 30 40 140 40

version

Gas kWh /h 40 52 187 52

version

Operating | Hours 5000 5760 5000 5760

time per

year

38
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Furnaces Primary energy consumption
Average Total stock
energy energy Energy
consumption [consumption |consumption
MWh/y (newly|TWh/y (based |annual sales
Sector Sales Refurb Stock sold) on newly sold) |GWhly
Cement 2 2 377 735,000 277 1,470
Lime 1.2 1 600 50,000 30 60
Steel production
except electric arc 0 10 329 389
Electric arc (stq 215
Container glas
melting 1,333
Flat glass melt
Glass wool &
domestic . 741
ez | Calculation of average
Brick & roof tile 354
Ceramic tiles & =
e | @1€1QY CONSUMPtiON Of
Other ceramic
aerey | [arge furnaces and ovens
WHIE incinerato 55
veasnema| (DAQE 152 Of report)
melting 175
Annual prodn g
Energy / tonne
copper
Large metal re-
heating / heat
treatment 20 400 100,000 40 2,000
Others not included
above 5 50 10000 1 50
Furnace totals 168 55 7,446 ( 1,011 ) 8,992
Ovens ~— —
Brick & roof tile 10 750 17,687 13 177
Ceramic tiles &
sanitary ware, 10 900 14,444 13 144
Bakery 30 700 17,000 11.9 510
Others 6 150 10000 _1 5 60
Oven totals 56 2500 59,131 C 40l D) 891
Totals 224 55 9,946 1,050} 9,883
TWhly GWhly

ERA
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Task 417 Assessment of basecases ERA“ /

Energy consumption in the use phase with Ot

Service

A Laboratory i some data is available on energy consumption to
maintain temperature of empty oven / furnace (this is useful for
comparison)

A Trends
I Larger size consume less energy / litre than smaller sizes

APartly due to surface area : volume ratio
i 1 litre cube surface area = 600 cm 2
i 2 litre cube surface area = 952 cm?
I Energy consumption increases as maximum temperature rises

ADue to increased thermal gradient

I However, variation in performance is apparent from the limited
data available
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Task 417 Assessment of basecases

Data for Lab furnaces at 1000°C

ER 4

TECHNDOLOGY
Wlth bl O‘sé}\lfl‘ﬁé'b
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ER a8

Task 417 Assessment of basecases Loy g
Energy consumption in use phase with pj Oz
A Small / Medium industrial I Very large variation in

energy consumption
I No actual consumption data available

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

I There are no standard energy consumption test methods

I Many very varied designsT so many different test methods
would be needed

I Very large range of sizes / capacity
(e.g. 100 7 5000MWhlyear)

42
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Task 417 Assessment of basecases ERA:‘ /5

Energy consumption in use phase with | Qieeene

Service

A Large industrial

I Some 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 417 Assessment of basecases ERA /5

L Y
Definition of base-cases with blo’

Service

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

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

I Design technology, e.g.
Alnsulation
AHeat sources (burners, etc.)
I Some heat sources are process specific , €.9. microwave
AHeat recovery and re-use

I Designs that influence energy consumption include:
AContinuous / batch
AControl of ventilation through ovens
ADesign and materials of kiln cars and kiln furniture

ADesigns to minimise water cooling
I Many designs however are process specific
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Task 417 Assessment of basecases ERA

Technology in current use with b|&f‘

A Insulation and refractories - wide variety of types are used

I Heat capacity and thermal conductivity are important for
energy consumption

A Heat sources

I Many types available

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

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

A Heat recovery

I Several methods usedi rely on being able to use recovered
heat I may depend on entire installation design
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Task 417 Assessment of basecases ERA“ /b

Technology Iin current use with D] Ot

Service

A Furnace / oven design
I Some designs recover and reuse heat within process
I Heat transfer efficiency i novel burners, IR, microwave, etc.
Ashorter process time reduces time for heat losses to occur
A Heat recovered from combustion gases, product, etc., use for:
I Pre-heating or drying raw materials
I Heating air / fuel for burners (recuperative and regenerative)

I Reuse of heat elsewherei by a different process, steam
generation, electricity generation, etc.

A Process efficiency varies considerablyi next slide: data for best
performing large furnaces
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Task 417 Assessment of basecasesi

ER 4

. TECHNOL L:J L_}: Y’ ’
Examples of best performing large furnaces with b|ow‘
Process Energy efficiency Comments
(from published Sankey
diagrams)
Parallel flow regenerative ~90% No further improvement
lime kiln likely
Rotary cement kiln with ~70% Largest heat loss in flue
pre-heater and pre- gases although some of this
calciner heat may be used elsewhere
Crossfired regenerative ~50% Pre-heating of raw materials
glass melting IS uncommon
Brick tunnel kiln ~68% Sankey diagram from 2006 i

could be improved

Steel electric arc furnace

70% (electrical
efficiency 1 not primary)

Heat lost in flue gases and
cooling water

Steel re-heating

73%

Fairly high efficiency, most
losses in flue gases
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Task 417 Assessment of basecases

TECHNOLOGY
Y17/

Currently used technology with ] O

Service

A Insulation and refractories

Many types and combinations are used depending on process requirements
Thermal mass affects energy consumption during heat up

A Especially important for batch processes
Thermal conductivity affects rate of heat loss through walls

A Can limit cooling rate if very low

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

A Constraints on choice

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

Must be chemically resistant
Must be used within upper temperature limit
A Upper limit may be lower if gas velocity high or if process material is corrosive
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Currently used technology with bk’)’

Service

A Heat sources

I Burner designs that reduce fuel consumption
A Pre-heated air
A Recuperative and regenerative
AR Fl amé lreelices dOx formation
A Oxy-fuel i energy needed to generate oxygen
I Electricity
A Maximum 30% primary energy efficient due to generating losses
A Can be low GHG emission option if electricity generated from fossil fuel-free sources

A Novel efficient designs i infrared, induction, microwave i heat materials / parts directly
so consume less energy heating the furnace

I Waste and biomass (to reduce fossil carbon emissions)
A Very limited availability & need waste license
A Some wastes are derived from materials made from fossil carbon (e.g. plastics)

ABi omass must biegimtgownaon land thdt wad virgin rainforest, or
replacing food crops
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Task 417 Assessment of basecases ERA /

M
Currently used technology - Hazardous substances with b|o’

Service

A Insulation and refractories

I Crystalline silica classified IARC as a human carcinogen (causes silicosis) presentin
most refractories (dust when cut)

I Alumino-silicate fibre insulation T Type of HTIW (big energy savings from increased
use)

A Classified in the EU as a Category 2 carcinogen but no evidence of human canceti
ECHA report

A Classification is disputedi this is outside scope of this study

A Alternatives i
i AESI already used where possible
i Polycrystalline wooli 15 x price so could make EU industry less competitive
T Other types will result in higher energy consumption

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

A Burners
I There is potential to emit CO and nitrogen oxides
A Both can be well-controlled by using suitable designs
A Both are regulated by IED for processes that are in scope
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Task 417 Assessment of basecases

ER 4

Definition of Base-Cases with b|5€:‘
Classification Base-case F?J\r/r?gc(eo()llz) ( g)?gg?;:)(tés) Fuel
Laboratory ovens BC1LO (@) B Gas
Medium sized BC 2a MIBOe O B Electricity
;E‘::;ge'z' ovens and | g op MIBOg 0 B Gas
BC 3a MICOe @) 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 BC 6 LIF F C Gas
ovens and furnaces | gc 7 | |0 0 C Gas
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Task 417 Assessment of basecases

ER 4

TECHNOLOGY

Y]

Inputs 1 Production phase with o] Oy
Base- | \yeight lek Teih. 3 N04n : 2 o [ Total
case Plastics Plastics Ferro ferro Coating |Electronics Misc.

BC1LO | kg 0.2 0.5 40 0.5 0 0.1 3.8 45

% 0% 1% 89% 1% 0% 0% 8% 100%
BC 2 kg 12 0 2 391 26.4 0 4.8 228 2 662
HIEE % 1% 0% 90% 1% 0% 0% 9% 100%
BC 3 kg 20 0 8 660 170 0 10 1640 | 10500
HIEE % 0% 0% 83% 206 0% 0% 16% | 100%
BC 4 kg 7.5 0 6 629 10.5 0 2.5 802 7 451
LIS % 0% 0% 89% 0% 0% 0% 11% | 100%
BC5 kg 75 0 2 599 25.5 0 2.5 125 2 760
LG % 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 417 Assessment of basecases
I Distribution phase

Inputs

ER 4

TECHNDOLOGY
Y/
Wlth bl Olséznl,l‘z:»

Base-case Volume of packaged
product (inm 3)

BC1LO 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 5570
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Task 417 Assessment of basecases

ER 4

Inputs T Use phase with mé‘:‘
: Number of L Number of
Base-case SOl hours per SIS km over the
per hour (kWh) year (years) product life
BC1LO 2 5000 15 500
BC 2a MIBOe 30 5 000 25 i
BC 2b MIBOg 40 5 000 25 i
BC 3a MICOe 40 5760 25 _
BC 3b MICOg 52 5 760 25 ]
BC 4a MIBFe 140 5000 - -
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 i
BC 7 LIO 2 203 7 200 35 i
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Task 417 Assessment of basecases
Inputs 1 End-of-Life (EOL) phase

ER 4

TECHNOLOGY
. M ”‘
Wlth b' Olséznlll‘:‘:o

A Percentage of weight to landfill: 1%

A Recycling
AMetals:
I 95% recycled
APaper, cardboard and plastics:
I 90% incineration (thermal recycling) and

I 10% reuse and recycling
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Task 417 Assessment of basecases

ER 4

Market data with biaZ2.
Base-case Sales (2008) Stock (2008)
BC1LO 25 000 400 000
BC 2a MIBOe 6 885 122 400
BC 2b MIBOg 1215 21 600
BC 3a MICOe 765 30 600
BC 3b MICOg 135 5400
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 417 Assessment of basecases ERA m

Env. Impact Assessment - BC 1 (Lab oven) with bi‘c’),’pw..w

Service

m Material m Manufacturing = Distribution m Use m Endof-life
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Task 41 Assessment of basecases ERA /5

Env. Impact Assessment - BC 2a (MIBOe) with bf’n'meuw

Servu:e

®m Material ® Manufacturing = Distribution mUse m Endof-life
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Task 41 Assessment of basecases ERA /5

Env. Impact Assessment - BC 2b (MIBOQ) with b]w""te"mrce

Serv«:e

m Material m Manufacturing ® Distribution mUse m Endof-life
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Task 41 Assessment of basecases ERA /5

Env. Impact Assessment - BC 3a (MICOe) with b]w"”e"mrce

Serv«:e

m Material m Manufacturing = Distribution mUse m Endof-life
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Task 41 Assessment of basecases ERA /5

Env. Impact Assessment - BC 3b (MICOg) with b|”|’meuw

Serv«:e

® Material m Manufacturing ® Distribution mUse m Endof-life
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Task 41 Assessment of basecases ERA /5

Env. Impact Assessment - BC 4a (MIBFe) with bi‘c’y’wm

Service

m Material m Manufacturing = Distribution mUse m Endof-life
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Task 41 Assessment of basecases ERA /5

Env. Impact Assessment - BC 4b (MIBFQ) with b]w""te"mrce

Serv«:e

®m Material = Manufacturing m Distribution mUse m Endof-life
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Env. Impact Assessment - BC 5a (MICFe) with b|"";;gg;gg«e

m Material m Manufacturing = Distribution mUse = Endof-life
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Task 41 Assessment of basecases ERA /5

Env. Impact Assessment - BC 5b (MICFQ) with b]w"”e"mrce

Serv«:e

m Material = Manufacturing = Distribution mUse m Endof-life
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Env. Impact Assessment - BC 6 (Large industrial furnace) with o]y

Serv«:e

m Material ®m Manufacturing = Distribution m Use m Endof-life
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Env. Impact Assessment - BC 7 (Large industrial oven) with pj Qe
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