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Introduction
ABB Global Consulting

Industrial Energy
Efficiency

Process Safety
Management

Asset Reliability
& Integrity

Operations
Improvement
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. Capability

4. 400+ strong global
= team,including:
UK 350, North
America 25, South
Africa, 6, China 6,
Italy 3, Germany 2,
UAE 2

Disciplines:
Chemical,
mechanical,

T electrical,
"}’ L : NG automation,
‘ W ¢ e behavioural change,
P = e human factors.
g UAE / Middle Eastlill | = & ~\ ¢ project management
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South Africa

B Existinglocations
¢ 2011 major expansions

O 2012 expansions
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Industrial Energy Efficiency
Case Study Overview

X
\

Integrated Steel Mill,
Southern Europe

Industrial Energy
Efficiency scope:

Opportunity
Identification Study on
electrical systems

Energy Master Plan
to develop Project
Specifications for top
5 projects
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Industrial Energy Efficiency programme
= Integrated Steel Mill, Southern Europe

53 Individual energy saving opportunities identified
- Estimated electrical savings $5.5M to $6.8M/year
- Additional gas savings of up to $8.2M per year

3 Opportunities agreed for immmediate implementation
= Zero capital investment opportunities
= Energy saving of $180K/year, payback <lyear

5 Project Specifications developed
- Energy savings up to $2.05M/year

= Averaged payback on portfolio of < 2 years

The Industrial
Energy Efficiency
programme at the
site focussed on key
plant areas,
including:

= BOF Steelmaking
plant

= Blast Furnaces
= Cowper Stoves
= Power Plant

= Sintering Plant
= Hot Rolling Mill

“We are very
pleased with the
results. ABB have
defined very clearly
where energy can be
saved and how to
achieve it. The work
is really appreciated.
Itis better than just
an audit”

European Energy
Manager




Industrial Energy Efficiency
Site Based Program Overview

ABB'’s proven methodology to help customers reduce energy
consumption.

Industrial Energy Efficiency is a 3 phase program, designed to
deliver sustainable energy savings:

Industrial Energy Efficiency

Opportunity
Identification

“Find the Savings” “Develop the Solution”

On-site Assessment

Master Plan Implementation

Solution Options ABB Services

Recommendations Cost Estimates ABB Technologies

Technology & Control Payback & ROI

Solution Implementation

Behaviours & Practices

Project Specification Measure Success

Monitoring & Targeting Quantify Benefits
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5% to 20%

Industrial Energy
Efficiency saves
between 5% and
20% of our
customers energy
bill, dependent upon
the industry and site
specifics.

US$ 75M
“Gain the Benefits”

Total energy saved
per year, every year,
via Industrial Energy
Efficiency (IEE)
across all industrial
sectors since 2006.



Industrial Energy Efficiency
Scope of Supply

Industrial Energy Efficiency

Opportunity Master Plan

Identification

= Opportunity Identification Study (Electrical Systems Only)
= Hot Rolling Mill
= 13 other major electricity consumer areas
- Energy Master Plan
= Limited to the ‘Top 5’ Opportunities
= Alignment Workshop & Prioritisation Process

= 5 Project Specifications to be developed
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Industrial Energy Efficiency
Opportunity Identification Overview

Industrial Energy Efficiency

Opportunity
Identification

Master Plan Implementation

On-site Assessment & Off-site Analysis

Behaviours & Practices
Monitoring & Targeting
Technology & Control

PROCESS UTILITIES ORGANISATION
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Opportunity Identification
Plant Areas/Unit Processes Considered

BOS & Sinter Plants

Ventilation systems — 1st, 2"d & 3 fume
catchment drivers. Sinter line combustion
air control system and optimisation.

Blast Furnace Plant

Grinding & charging plants, Cowper stove
operation, blast furnace auxiliary
equipment and drives.

Power Plant

Power plant optimisation and control.
Optimum boiler combustion air and
draught pressure control.

Hot Rolling Mill

Cooling water systems, rolling mill drives,
pumps, fans etc. Compressed air system
overview.
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Opportunity Identification
Engagement Process

= 1st Phase completed Dec 2008
= Completed within 8 weeks
= Conducted by:
- ABB Energy Consultants
- ABB Specialist Engineers
= Supported by:
= Site Operations Personnel
- Energy Manager
« Staged Approach
= On Site Assessment

« Remote Analysis
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Request for Information

Initial Data Review

Site Assessment

DEIEWAEISTS

Presentation of Portfolio
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OPPORTUNITY IDENTIFICATION PORTFOLIO

— 1
NA

Legend

Energy saving opportunity proposed for next phase Alignemsnt Workshop.
ot appiicable at this stage of the [EE Opportunity [deriification process
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Tac Technalogy and Contral
B&P Behaviours and Practices
MAT and Verification
> ABB Group
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Opportunity Identification
Payback Chart — Blast Furnace Area

Project Considered

ID138 BF Raw Material Prep

ID139  Charging & Grinding

ID140  plant de-dusting

:51:; extraction Fan VSD

44 Installation

ID143 BF Combustion Air Fan

ID145  BF1 & BF2 Cowper

43 Stove FD Fan VSD
Installation

ID144 BF Comb Air Header

ID146  BF1 & BF2 Cowper

4.3 Stove Combustion Air
Header Pressure Control

ID147 BF Lurgi Fans

ID149  BF1 & BF2 Tapping
Fume Extraction Fan
VSD Installation

Low Medium High ID148  BF Intensiv Fans

High

ID-00143°

ID-00147¢

ID-00144¢

Potential Savings Estimate
Medium

Capital Investment Estimate ID150  BF1 & BF2 Torpedo
Fume Extraction Fan
A Inciudes ID-00139, 140, 141, 142, 148 & 150 VSD Installation

b tncludes ID-00145 “ Inciudes ID-00146
9 Includes ID-00149



Opportunity Identification
Payback Chart — Hot Rolling Mill

= ID101
'% 3.2.1
2 ID102
¢ |ID-00103 D10
)7 ID103
7
w 3.2.1
& § ID104
£ = 3.2.1
S T
3 S ID105
. 1D-00104 ID106
8 ID108
g T 321
"g ID 00110 > 1 ID107
Q = B 3.2.1
2 ‘.ID?;O195b e = ID109
o -. e Sar W
~ |D~00'107 T od TENEEY
P ot AN il | sl ‘: e :" \ ‘ | | ID110
Low Medmm High 3.2.1

Cost Investment Estimate
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Project Considered

PXXQ (Dys Chassess)
V5D Installationon 1 x Pump
PXXW (Dys Agitation)
VSD Installationon 1 x Pump
PXX Pressure Control
Pumping System Pressure
PXX Pumping System
VSD Installationon 1 x Pump
PXX, PXY, PXZ Pumps
VSD Installationon 1 x Pump

in each above pumping
system

PXX Pumping System

V5D Installationon 1 x Pump

SX Cooling Tower
Reduce ‘overcooling’ —
elevate CW temperature

SX Cooling Tower

VSD Installation on Fans

AL 1B D
npmp



Opportunity Identification PROJECT #1

Quick Win Example

PLANT AREA
= Blast Furnace Cowper Stoves
OPPORTUNITY IDENTIFIED

= Optimum combustion air header control

= IGV controlled combustion air fan operating at less than
optimum performance for system demand

SOLUTION

= Eliminate opportunity for variable speed drive

- Downgrade to redundant lower sized fan & motor
VALUE

= $50K per year electricity savings

= Less than 1 year payback (including verification)

AL 1D ED
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Opportunity Identification PROJECT #1

Quick Win Example

MIXED GAS HEADER

[ I |
o Lr

= = | 1
MAIN FAN COWPER
1,330 kW 13
XXX, 000 Nm3/hr

COMBUSTION AIR HEADER

—)
—

N/

FILTERS

/ N\

N/

FILTERS

AUXILLIARY FAN
800 kw
XXX, 000 Nm3hr




Opportunity Identification
Quick Win Example

Cowper stove firing range:
Percentage of time Cowper stoves are fired

ENERGY
PROJECT #1

Cowper stove header flow rate:
Combustion air flow rates over time

a0

=]

70

=]

a0

40

30

Percentage of Time in Range (%1}

20

0 Cowpers

.

O

NHo
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230

200
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100 \\

Combu stion Air
a0 Pressure

Pressure (mbar)

o

%]
G R S

o o &

Cowper stove header pressure:
Combustion air header pressure over time

I N




Opportunity Identification PROJECT #1

Quick Win Example

MIXED GAS HEADER

[ I |
o Lr

= = | 1
MAIN FAN COWPER
1,330 kW 13
XXX, 000 Nm3/hr

COMBUSTION AIR HEADER

—)
—

N/

FILTERS

/ N\

N/

FILTERS

AUXILLIARY FAN
800 kw
XXX, 000 Nm3hr




Industrial Energy Efficiency
Opportunity Identification - Activities & Resources

Request for Information

Initial Data Review

Site Assessment

Data Analysis

Presentation of Portfolio
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Schedule - : - Client
(Week No) ABB Activities  Client Activities RESOUICEs
Mobilise, tailor L. Site Energy
1-2 RFI as needed, data dré\?vin S Champion +
issue & provide ' ete 9 support
guidance ' (part-time)
) o Site Energy
Review d_at_a_ & Availability to Champion as
3 produce initial answer basic needed
energy maps queries. _
(occasional)
Coordination, Plant area (10)
2 Lead liaison, Q&A, personnel & Site
4 consultants split support Energy
into 2 teams additional data Champion
acquisition (part-time)
ABB energy Availability to Site Energy
5-7 team with mix answer further Champion
of resources questions (part-time)
Site Energy
8 Present & Portfolio review g}:gg&og t;
finalise Portfolio & feedback
management

team (1/2 day)

AL 1B D
Apmw



Industrial Energy Efficiency
Master Plan Overview

Industrial Energy Efficiency

Opportunity
Identification

S Alignment Workshops
- & Prioritisation Process

Enabling Programme

Master Plan

Quick Win Project Implementation

Project Specification

Opportunity Confirmation

Consolidation

© ABB Group “ I. I.
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Industrial Energy Efficiency
Prioritisation Process

= Opportunity Identification
Portfolio

= Energy saving
opportunities by plant
area or system

= Prioritised by estimated
simple payback times

= Master Plan Portfolio

= Energy saving projects
by development and
Implementation priority

= Projects prioritised by
ranking process and
payback

© ABB Group
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Industrial Energy Efficiency
Master Plan — Alignment Workshop

= Alignment Workshop Goals

Selected Opportunities

= Confirm opportunities

« Reduce assumptions E
= |dentify constraints ;'
= Agree potential ROI

= Prioritisation Process
= Project ranking process
- FEASIBLE
- SIMPLE
- QUICK

= Agreed set of projects for
development (Tier 1)

© ABB Group
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Industrial Energy Efficiency

Prioritisation Process

Solution Confidence Data Confidence

Witnessed technology within industry application,
certain of success, 100% review team agreement.

Proven technology within application, success is
anticipated, < 100% review team agreement.

Documented solution for application, sound &
established engineering principles, <100% review
team agreement.

CERTAIN
5

ALMOST CERTAIN
4

EXPECTED
3

Unproven technology within specific application, data  threaAT EXISTS

suggests success, <75% review team agreement.

No available technology identified, clear identified
threat to success, less than 50% review team
agreement that any practical solution is conceivable.

© ABB Group
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2

POSSIBLE
1

Archived historical data of process parameters
confirms opportunity beyond doubt across all normal
operating conditions.

Archived historical data of process parameters
confirms opportunity over majority of expected
operating conditions.

Snapshot of historical data confirms opportunity
during a period of stable process operation, under
normal operating conditions.

Local process parameter readings witnessed at
expected levels. Site-based knowledge of typical
operating ranges confirmed.

No data available to confirm opportunity, expected
process parameters suggest success, clear
requirement to measure and record data.

AL 1B D
Apmw



Industrial Energy Efficiency
Prioritisation Chart

Prioritisation Chart
Avisual representation of simple payback and project ranking as a
combination of ‘feasible’, ‘simple’ and ‘quick’ parameter assessment.

Payback (Years)

25  1D-00201
 1D-00202

2
©1D-00203
15 @ ID-00204

@ ID-00205
, A
N

0

0 ! ! ! ! ! ! ! !

0 50 100 150 200 250 300 350
EMP Project Ranking
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MASTER PLAN PORTFOLIO
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Master Plan — Tier 1
Project Specifications
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Project Description & Energy Savings &
Assumptions Payback Estimates

Contains detailed project specific information to enable the
implementation of the energy saving opportunity
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Master Plan — Tier 1
Project Specifications
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Implementation Scheme Cost Estimate &
& Risk Identification Benefits Verification

- May be supported with further documentation
(e.g. vendor quotations)
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Project Specification Example

Opportunity Identification PROJECT #2

PLANT AREA

= Power Plant
OPPORTUNITY IDENTIFIED

= Improve boiler efficiencies

= IGV controlled FD/ID fan not operating with optimum control
SOLUTION

= Install variable speed drives

= Improve control loop to maintain optimum air-to-fuel ratios
VALUE

= $8.2M per year gas savings (€$80K electrical savings)

= Less than 2 year payback (including verification)
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Opportunity Identification PROJECT #2

Project Specification Example

HP STEAM DESUPERHEATER
T |

e S 1 — o=
e > gl
: : T EVAPORATOR : i S T | =8
I <> ‘I : : | SET POINT
|

1 e [
| SEF bk . SUPERHEATER :
L P E 1 B -
: | MULTI—FUELi N , ECONOMISER BOILER |
: } BURMNERS = FEEDWATER |

h’:
! BFG, COG, HFO, BOFG, NG L= |
l - - |
| F-35 fm———————— "
N o e e o e o e i .- |
I ' : |
U | <[ ]
T
b /V' | )/ |
" IGV% 5.5kV |GV %
FILTER 0.5MW 55;:;
FORCED DRAUGHT INDUCED DRAUGHT
(FD) FAN {ID} FAN

© ABB Group “ l. l.
April 19, 2011 | Slide 26 " .. ..



Opportunity Identification
Project Specification Example

2,500,000

2,000,000

1,500,000

1,000,000

Annaul Saving (Euros)

00,000
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Opportunity Identification

Project Specification Example

ENERGY

PROJECT #2
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Indusinial Encngy Efficiancy — Enangy Managamant Masteplan (ENRP)

Boiler 1GV Optimisation Summary — VSD Installation
Scheme Methodelogy

1.

2

a

4
R

Evaluate the Boiler 1GY inlet guide vane mechanical problem and quantify
likely repair costs;

Undertake & series of tials to manually control flus gas oxygen
concentration:

a. Operators should switch to manual control of the FD Fan GV
position, lowsring combustion  a&ir intake and  allowing  the

automated |0 Fan IGV posiion o vary to mest the required
draught pressure;

b. The trials should be conducted over a sufficient operating period
to allow data o be recorded for a range of boiler kads where
possible (2-3 hours minimum );

c. The trial should incrementally reduce flue gas cwygen control
lewelz, & trial 1 = 6%, trial 2= 5%, mial 3 = 4%;

d. Rezorded data for ooygen concentration, steam flow rate, FO fan
GV position, 1D Fan IG5 position and measure air flows should be
analysed in conjunction with the combustion control model (Fig 2.

Re-evaluate liksly skchical energy savings through V5D installation using
Fig & & Fig & as approximations;

Apply for capital funding according to the normal site application process.

isks { Technical Commercial'Safety & Environment atc)

Technical:

1.

WVariable speed drives for boiler combustion fan systems are a standard
techmology and widely used throughout the world;

Ease of Implementation

Complex - this scheme
invohles fremt end
enginesring  design  and
modification of the esisting
bodler 1GY fan system,
together with associated
chowntime,

Timescale

Lomger Term
= & months

Yerification of Banefits

Benafits can be assessed
through monitoring the site
gas consumption, sbeam
flowrates, IDVFD fan speed
and flue gas mygen levels
st implementation.

Interaction with other
Energy Schemes

Bath of the Boiler 1GV
Cyptim ization schems

subcategories (air-to-fusl
ratio & WVE0s) interact and

2. The existing 55KV supply for fan electric mators is a non-standard voltage may affect the cversll
for variable speed dive technokgy. Care should be taken to ensurs that sehamea net savings,
potential vendors can demonstrate case studies and experisnce of solution however each are
implementation at this voltage for fan applications; somplimentary cverall,

3. With muliple fuels and variable fuel composition, care should be taken to
ensure that incomplete combustion does not cccur within the boiler furnaces. Further Infermation
This can be monitored using the sxisting flus analysers, checking for CO Suggestad for
{carbon monaxids) concentrations; Benchmarking

4. Using cocygen mimming systems, it is also important to be aware of the Further operating data of
respongs time of control loops o ensure adequats air during ingtantanscus Bailer 16V — Steam flow
steam generaion peaks.  With V5D applications, response times ars rates, stack temperatures,
generally quicker than 1GY contral. air flow rates, gas rates,

5. Lower flue gas cxygen concentration lavels will promaote higher supsrhester stack oxygen
flue gas temperatures, potentialy increasing thermal stresses around concentrations — over an
superheater tubes and in particular de-supsrheater thermal shock, Abhough eutended data period
the temperatures within design specifications of Bailer 1GV it may have fduring normal operation)
been some time sincs the system was last sxposed to higher temperatures. to confirm cp=rating
Corwersely, current problems  achieving desired superheater steam profile.
termn peratures should be sliminated.

| Ref: PE1584 ¥ 2008, ABE Limited. 21% Dacember 2008 I1SEUE1 Page 11 of 12 |
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Industrial Energy Efficiency
Master Plan - Activities & Resources
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Alignment Workshop

Master Plan Development

a Tier 1 Project Specifications

b Tier 2 Opportunity Confirmations

Enabling Programme

Cansolidation

review / further
development

Tier 2 projects to
advance

Schedule o . o Client
(Week No) ABB Activities  Client Activities RESOUICES
Prepare Attend Site Energy
Workshop, workshop, Champion + key
1-2 facilitate, issue confirm & stakeholders
draft Master prioritise projects
Plan for development (1day +)
Develop specs
and _
confirmation Provision of site / Site Energy
sheets, company specific Champion +
including information; support
3-8 schemes, liaison with (especially
estimates, risks, preferred engineering
verification vendors where team)
method. necessary (part-time)
Programme
management.
Present Master  Confirm/ review;, .
. . Site Energy
Plan for implement Quick :
. . : . Champion +
implementation Wins & Tier 1 .
9 . selected site
/ progress projects, select
management

team (1/2 day)




Industrial Energy Efficiency
Implementation

Industrial Energy Efficiency

Opportunity

e Implementation
Identification Mestersbian : P

ABB Programme
Manager

MANAGEMENT

Client Sponsor

Client Energy Team

ABB Energy Team EXPERTISE

Client Engineering

ABB Engineering ENGINEERING

Client Contractor

ABB Service EXECUTION

ABB Automation & . 3rd Party/OEM

Technologies Technologies
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Return on Investment?
Estimates indicate < 2 year averaged payback

Industrial Energy Efficiency Projects
S CEUM 5oy rce: Industrial Energy Efficiency programme conducted at an integrated

someexceptional  Steel mill in Southern Europe, completed early 2009.
projects were
identified with simple

payback of less than Plant Area
1year.

Cooling Towers

FAN, PUMP & PROCESS CONTROL

s0s pant |E e ©
B Example Project Savings
_ < 2 Years
B Example Project Costs
EQUIPMENT SELEC|TION Averaged payback of
the energy saving
project portfolio across

the site was estimated
at less than 2 years.

=) Cowper Stoves

O Power Plant

OPTIMUM AIR-TO-FUEL RATIO + FAN VSDs

0 200 400 600 800 1000 1200 1400 1600

Investment Cost & Energy Savings (Thousand Euros/year)
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Industrial Energy Efficiency
Programme Value Creation

Current Plant
Energy Cost

Energy Cost

Lost Energy

Industrial Ener
Costs &

Efficiency Benefit

Projects

Following the
identification of
energy saving

projects and Reductiorf in Energy

development of the v Costs ith IEE
Master Plan, projects v

are implemented
accordingto a
prioritised plan.

\/
A

Theoretical
Energy Intensity

Opp(_)r_tun_lty —| Master Plan —| Implementation ———
Identification
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Industrial Energy
Efficiency identifies
zero or low capital
investment projects to
save energy that can
be implemented
immediately as “quick
wins”.



Lessons from the project

= Quick payback opportunities are often still available

- Identifying the potential requires understanding of
technology + operation + constraints

- Need to consider both Thermal and Electrical energy
- Benefits from sharing experiences across industry sectors

= Objective prioritisation of Opportunity Portfolio by joint
team yields real benefits

ADD
crsncn o FADPD
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Power and productivity
for a better world ™
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