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Project Background
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NDRC requested that the Energy Research Institute (ERI)
develop benchmarking tools in support of the Top-1000 Energy
Consuming Enterprise Program
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LBNL is providing technical assistance to ERI, funded by the
Energy Foundation’s China Sustainable Energy Program
WRERIEOLT , REURFTAN ST A3 A 7oA B K SEhe 506 b T K 4
MV IT xR TR

ERI and LBNL will develop benchmarking tools for the Top-
1000 industrial sectors, as possible

FIH TR BT R 5 A KA AN Bk Lol

Initial tool development focusing on cement and steel industries
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Benchmarking

AR A PR R A BN ST (B A=, BEUR) B9 — o 1 75 v
Benchmarking is a common way to evaluate facility or company
performance: financial, production, energy, etc.

EROCEFRT —EHERN LW EIE KRR LR
Energy efficiency benchmarking tools have been developed for use in a
number of industrial energy efficiency programs around the world
e AR A FZREL Various types of energy efficiency benchmarking:
— HRATHL

Peer to peer
— EHERXE

Self performance over time
— SEFXEMXPHYRRELEX

Self performance to national or regional average and best practice
— HEERAESZEX

Self performance to international best practice
TRIEF KGR 5 Advantages and disadvantages to all types

LAWRENCE BERKELEY NATIONAL LABORATORY




W5 [T AN B 33X b

Peer to Peer and Self Performance Over Time

HER T B R R 2%
Norway'’s Industrial Energy Efficiency Network (IEEN)

o SCRBUNTTRE B AR E
Program in support of government’s energy-savings goal
©  IEENGNVIRBEE AR 30 FF
IEEN provided technical and financial support for companies to:

— AIAEIREHEIES) Undertake energy management activities
— PPNV RERE ST, RIFEXARIES)  Assess their energy-efficiency

potential, including undertaking benchmarking
+ IEENFFRT —EMNEXITRLE
IEEN developed an internet-based benchmarking system
o BEM EAVe R RS R A RR SR

Every year industry network members provided performance data via

the internet
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Peer to Peer and Self Performance Over Time

ik Bk, TRME. M. k. . B, k. Kl R
MG . YR JEMTHEE Participating industries: aluminium, bakeries,
breweries, fishing, meat, dairy, grain-drying, fish meal, foundry, pulp and
paper, timber and sawmill, laundries and dry cleaners
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Peer to Peer and Self Performance Over Time

UK SRR SEBR I H UK Energy Efficiency Best Practice Programme
FRBenchmarking — B 7 Glassmaking Furnaces
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Number of Furnaces
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Energy Intensity (GJ/t)
Source: Mallaburn and Shock, 1998
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Peer to Peer and Self Performance Over Time

UK et fgRsc kI H UK Energy Efficiency Best Practice Programme

*FRBenchmarking BB HIEXEY" Glassmaking Furnaces

Number of Furnaces

4 5 6 7 8 9 10
Energy Intensity (GJ/t)
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Self Performance to Average and Best Practice

BRINZS B4 B BT i A e ot i
European Commission
Energy Benchmarking at the Company Level Within
Industry Voluntary Agreements

o FRT—ABIHHEHENRSE, TR TS RIEFHIER BT RO E
Developed an automated computer system to allow companies to make a
comparison with "the best of a branch" regarding the energy efficiency

o f7Mk. ). FLEISL. TERJE Sectors: breweries, dairies, bakeries

BRI gE#ESpecific Energy Consumption — B 15 Brewery Example
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Self Performance to National Average and Best Practice

U.S. EPA Energy Star for Industry S£EEPATNVREEZ B
Energy Performance Indicator (EPI) B35 %5

o KW SEREFII &Y (RFrE L $75% WHeR) KL #Txs, XE
AL KR
Benchmarks the enterprise to the average and “efficient” plants in the U.S.,
where efficiency is defined as the 75th percentile of all plants

o TITREWMAL WEBTEE, BEH—A 8% Plant managers input key
plant operating data to receive an energy efficiency rating

o hEEER B BERE ¥ e H AR
Used to set goals for improvement and ’“’J oo
monitor progress 41| i

o BN AR BRIEZ B AR R TR o 8
Basis for awarding the ENERGY STAR s
label for a plant w5

. E&RHTKE. BYEBH. WEHE o
MV H BRI AR 10
EPIs have been developed for the L
cement, corn milling, and automobile Total Primary Energy (Billion Btu)

manufacturing industries
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Self Performance to International Best Practice
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Netherlands Benchmarking Covenants

Al A 2 /> 201 24F B A HE SR BE R SUSE &
Industries pledge to be among the world’s leaders in energy efficiency by
2012 at the latest

%%g%ﬁ SenterNovem W & 1 H BT 5L, PFMALAF R “HF EREFKF”

Companies evaluate their distance from “best in the world” through studies
that are overseen by SenterNovem

FB= B R E R E by e R R
Expert 3rd party determines international best practice energy efficiency:
— @f—%ﬁ@ , ARNVABERISSRY AT L X (RERRT D o XX B3 K Pt 2
TR
Top region (in terms of energy efficiency) outside The Netherlands that is
comparable in terms of size and plants. Average of that region is the benchmark.
o TIEZANTHANEHEEE, HEFFEATIIL0% 1E X

Ranking comparable plants outside The Netherlands and taking the top 10% as
the benchmark

HRABTRFFSN. MRAKFEEDNTI0% KRS
Best operating plant worldwide. Benchmark is set at 10% below the best plant
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Self Performance to International Best Practice

MEMTFRETIE (BEST)
BEST: Benchmarking and Energy Savings Tool

BESTA® MR RZRML T XHARIZL, LARIILERERT7 T R H B d S B PR BE Y
BEST provides a benchmark score for each facility indicating its distance from
international best practice in terms of energy

R REIRTE O, HAbZEREARAR

Compares only energy to best practices, keeping other variables the same.

— BN REZERKKEMLAEFRFASE, FFEGSKKE, - FRERR
R BERRREAR .
For example for cement , the best practice enterprise produces the same
amount of cement, the same grades of cement and uses the same input
raw materials but it (or they) uses the most efficient energy technologies
to do so

29
BESTHISE M AR R @
BEST allows for development of an efficiency

improvement plan and target-setting
LAWRENCE BERKELEY NATIONAL LABORATORY

12




RSB LA

Best Practice Benchmarking Tool

o Kb EFE LS o LA E B R AR SE R BEAT X L
Compares an enterprise’s energy consumption to Chinese and international
best practice

© RAFTRBRA T RERIIRS

Insights into which processes are most inefficient

o [UHEEFES RAETEI I, HAAREAAE
Only energy is compared to best practices, keeping other variables the
same.
— Bl %ﬁ%ﬁﬂﬁﬂ(%ﬁﬂkﬁaf‘ﬁlﬁl%, FIREAR S HIKIE, M R R R

» B RBEAR,
For example for cement , the best practice enterprise produces the same
amount of cement, the same grades of cement and uses the same input raw
materials but it uses the most efficient energy technologies to do so
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Energy Intensity Index (ElI)
RERATE AL
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P, El,
. E
Ell =100- & =100 ——%
I:’i'EIi,BP ZPI 'Eli,BP
i=1 i=1

Ell = energy intensity index fEFE 4k
n = number of products to be aggregated 217~ i ¥ &
El, = actual energy intensity for product | 7= 1525 e kE
Ellgr = best practice energy intensity for product ij* it HEFE
P, = production quantity for product i.;*= i/
Eot = total actual energy consumption for all products

IV 7 il R S5 B U E G
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BEST Cement
KBRESCHRA T e TR
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Cement Industry Example: Defining Boundaries

HE #0517
CHE, BHEKAE)
Preparing; Additives
(gypsum, fly ash, etc.)
v
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prepared additives
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Quarrying & . ] e
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KIEA BT IR
Example boundary of analysis for cement i Transport
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Cement Industry Example: Input Sheet

4= 7 $df Production Data

o JFERPEIH A Raw materials input (t/year)
o fiJKAiLimestone
o InFIF K Additives by type

o M Kiln Type

o #Bl7 & Clinker output (t/year)

« JKJEr=m Cement output by type (t/year)

o JKJPEH S Grades of cement

o BrEESA Mill Types
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Cement Industry Example: Input Sheet

it B Energy Data
o FENHEFE CTRARBYAEE T FUI/4E) Fuel consumed per year
(kgcelyear or kWh/year)
o ML R, BV (TREARKAE) Coal, coke, biomass (kgcelyear)
o ) (FELE/AE) Electricity (kWh/year)
o HAb Other
« TJ7HIfiE By process step
o JRRHER CRBT, fik, TSN, EORLRIEN, BERE, OB, WA
BAMMT, BRI, 1K) Raw material preparation (quarrying,
conveying, prehomogenization, proportioning, reclaiming, crushing, grinding,
additives preparation, additive drying, fuel preparation, homogenization)

o BoRIBEL (TS, b, A%, AHIHL  Clinker making (preheaters,
precalciners, kiln, cooler)
 JKIEHEE Finish grinding
o HAh(izfi. . ke, e Hae
Other (other conveying, auxiliaries, packaging, non-production energy use)
o EBRRLAS (TT/ T RLH BT T AR AR Cost of fuel per year (yuan/kWh
or yuan/kgce)
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Cement Industry Example: Hypothetical Benchmarking

Distance from best practice

200
Energy Intensity Index (EIl) 137
150
= 1w m BEST PRACTICE = 100
o
1]
Your Reference Potential for Potential Cost
Summary Data Enterprise  Enterprise  Efficiency  Reduction ($/year)
Electricity Consumption (kWh/year) 18,741,000 13,905,108 4,835,892 $270,810
Fuel Consumption (kgce/year) 13,950,000 10,110,922 3,839,078 $268,735
Final (site) Energy Consumption (kgce/year) 16,253,269 11,819,859 4,433,410 $539,545
Primary Energy Consumption (kgce/year) 21,501,701 15,713,996 5,787,705
Energy Intensity (kgce/tonne cement produced) 172 126 46
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SRR TR (BEST)
BEST: Benchmarking and Energy Savings Tool
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o ABERBERARFIRZ A H AR E M REE A B AL — P R RERICR
Provides not only benchmarking score BUT ALSO provides additional
energy efficiency menu for target setting and energy management

—  ARRASTN T PR K9
Allows low-cost and easy evaluation of potential
«  BESTHilsE f ekt A H bril e

In this way, BEST allows for development of an efficiency
improvement plan and target-setting

3
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Energy Efficiency Opportunities

o TSIt P RE Sl A Tt

Extensive menu of energy-efficiency or carbon emission reduction measures

that could be implemented

— BT HLRSE. AL

e

Cross-cutting: motor systems, compressed air, lighting
— FILZAHXK: I EZENLE EPTTR, BED
Process-related: all major process technologies (kiln upgrades,

blending)
» i Each measure

— FPERRERE CRVELEKTE)

Typical energy savings per ton product (clinker or cement)

— SR

Cost of implementation
— By

Typical payback period

o —HSEHJRIERE, BESTHH BRI
Once options for implementation are selected, BEST calculates new,

potential Ell for plant
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Energy Efficiency Options for the Cement Industry

Raw Materials Preparation

Wash Mills with Closed Circuit Classifier (Wet Process)
Raw Meal Process Control (Dry process - Vertical Mill)
High-efficiency classifiers/separators (Dry process)

Use of Roller Mills (Dry Process)

Efficient transport systems (Dry process)

Raw Meal Blending (Homogenizing) Systems (Dry Process)

All Kilns

Improved refractories

Energy management and process control systems
Adjustable speed drive for kiln fan

Cement Grinding

Energy management and process control
Improved grinding mill (horozontal mill)
Improved grinding media (ball mills)
High efficiency classifiers

Product and Feedstock Changes
Low alkali cement

Blended cements

Use of waste-derived fuels
Limestone cement

Use of steel slag in kiln (CemStar®)

Rotary Kilns

Seal replacement

Grate cooler optimization

Optimize heat recovery in clinker cooler

Kiln combustion system improvements

Low temperature heat recovery for power generation
High temperature heat recovery for power generation
Conversion to reciprocating grate cooler

Efficient kiln drives

Conversion of long dry kilns to preheater/precalciner kiln
Dry process upgrade to multi-stage preheater kiln
Upgrading of a preheater to a preheater/precalciner kiln
Low pressure drop cyclones

Indirect firing

Motor Systems
High efficiency motors
Efficient fans with variable speed drives

Vertical Shaft Kilns (VSKs)
Kiln combustion system improvements
Conversion to new suspension preheater/precalciner kiln

Compressed Air Systems

Reduce leaks

Maintenance of compressed air systems
Heat recovery for water preheating
Reducing inlet air temperature
Compressor controls

Sizing pipe diameter correctly

Lighting Systems

Replace mercury lights by metal halide or high pressure sodium lights
Lighting controls

Replace magnetic ballasts with electronic ballasts

Replace metal halide HID with high-intensity fluorescent lights
Replace T-12 by T-8 tubes

Eess————————— L. AWRENCE BERKELEY NATIONAL LABORATORY
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Energy Efficiency Options for the Iron and Steel Industry

Overall Measures (measures apply to both integrated and secondary plants)

Preventative maintenance

Energy monitoring and management systems

Variable speed drives for flue gas control, pumps, and fans

¢ +

Integrated Steel Making Measures Secondary Steel Making Measures Casting and Rolling (apply to integrated and
secondary plants unless otherwise specified

Iron Ore Preparation (Sintermaking) Electric Arc Furnace Casting

Sinter plant heat recovery Improved process control (neural networks) | Adopt continuous casting

Use of waste fuels in the sinter plant Flue gas monitoring and control Efficient ladle preheating

Reduction of air leakage Transformer efficiency measures Thin slab casting

Increasing bed depth Bottom stirring/gas injection Rolling

Improved process control Foamy slag practices Hot charging

Coke Making Oxy-fuel burners/lancing Recuperative burners in the reheating furnace

Coal moisture control Post-combustion Controlling oxygen levels and variable speed drives

Programmed heating Eccentric bottom tapping (EBT) on combustion air fans

Variable speed drive on coke oven gas compressors Direct current (DC) arc furnaces Process control in the hot strip mill

Coke dry quenching Scrap preheating Insulation of furnaces

Iron Making - Blast Furnace Consteel process Energy efficient drives in the hot rolling mill

Pulverized coal injection (medium and high levels) Fuchs shaft furnace Waste heat recovery from cooling water

Injection of natural gas Twin shell DC arc furnace Heat recovery on the annealing line (integrated only)

Top pressure recovery turbines (wet type) Automated monitoring & targeting system

Recovery of blast furnace gas Reduced steam use in the pickling line

Hot blast stove automation

Recuperator on the hot blast stove

Improved blast furnace control

Steel Making - Basic Oxygen Furnace

BOF gas & sensible heat recovery (supressed combustion)

Variable speed drive on ventilation fans
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BE/KIEE R BEST-Cement Demonstration

)
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Feedback and Next Steps

o ik Feedback

o T—HrEit%l Next Steps
—ZEFFRAKVR MR B K Ve TR Testing BEST-Cement with

two cement plants
« PG/KiE/ PG Cement Plant
o NEW/KE) Liulihe Cement Plant
— BT K EEKIE T ERevise and Finalize BEST-Cement
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Feedback and Next Steps

— BAKIE T AR Training Course for BEST-Cement

Frbkye) % | BREAERCOR B RO

Hi[X Region Number of Top-1000 EU-EEP Energy
Cement Enterprises Conservation Center?
YL# Jiangsu Province 8 £Yes
% Shandong Province v £Yes
it Hebei Province 4 HYes
1174 Shanxi Province 2 7 No
Z® Yunnan Province 0 7 No
i Shanghai 0 HYes

— IR T EFF &R Development of Steel Benchmarking Tool
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For further information BE&{ZE

LBNL Industrial End Use Analysis Website:
http://industrial-energy.lbl.gov/

LBNL China Group Website:
http://china.lbl.gov

BEST Website:
http://industrial-energy.lbl.gov/node/100

Publications:
http://industrial-energy.lbl.gov/publications

» Christina Galitsky (CGalitsky@Ibl.gov)
* Lynn Price (LKPrice@Ibl.gov)
* Zhou Nan (NZhou@lIbl.gov)
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