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1. Introduction

—What is BEST Cement for China?




Cement production in China B_E,;;L__!

4500 2000
é 4000 A — GDP + 1800
g— 3500 - —&— Cement output + 1600
©
|z + 1400 &
S 3000 s
0 + 1200 =
S 2500 =
o + 1000 3
S 2000 =
@ +800 2
[¢B)
§ % {600 ©
S 1000 1 400
5
© 900 + 200
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

1980 1985 1990 1995 2000 2005 2010

China’s gross domestic product (GDP) and cement output, 1980-2010
Source: NBS (various years), CCA (various years).



CO, emissions from China’s cement creee
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Estimation of CO, emissions from China’s cement production in 2005-2009
Source: Ke et al. (2012).

Year 2005 2006 2007 2008 2009

Clinker output (Mt) 779.0 | 8733 | 9567 | 977.0 | 1084.0
Cement process CO, emissions (Mt CO,) 426.0 477.6 523.2 534.3 592.9
Cement output (Mt) 1068.9 | 1236.1 | 1361.2 | 1420.1 | 1648.6
Emissions from fossil fuel combustion (Mt CO,) 347.8 381.2 393.3 399.1 437.6
Direct emissions (Mt CO,) 773.8 | 858.8 | 916.5| 933.5 | 1030.5
Consumed electricity from external power generation (TWh) 105.05 | 116.73 | 123.40 | 122.06 | 126.96
Emissions from external electricity production (Mt CO,) 87.6 97.5 100.3 93.2 95.9
Clinker-to-cement ratio (%o) 72.9 70.6 70.3 68.8 65.8

Total emissions (Mt CO,) 861.4 956.3 1016.8 1026.6 1126.4




BEST Cement for China

4 BEST Cement

BEST Cement
Benchmarking and Energy Savings Tool
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BEST Cement:

process-based benchmarking and
energy savings tool

based on commercially-available
efficiency technologies used
worldwide

applicable to the cement industry
designed for use in China

BEST Cement for China has been developed by Lawrence Berkeley National Laboratory in collaboration with
the Energy Research Institute, the China Cement Association, the China Building Materials Academy, and
Shandong University with financial support of the U.S. Environmental Protection Agency, Energy Foundation,

and Dow Chemical Company.
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Selecting Benchmarking BERKELEY LB

* Entire facility or kiln?
Up to 6 Kilns for entire facility.

» Quick assessment or detailed assessment?

This choice will determine the level of detail of the energy input. The detailed
assessment will require energy data for each stage of production while the
guick assessment will require only total energy used at the entire facility.

» Chinese best practices or international best practices?
BEST Cement provides two benchmarks - one for Chinese best practices and
one for international best practices.

» Best practices or national standard?
BEST Cement can also benchmark the cement facility against the Chinese
national standard for cement production.



2. Process-based benchmarking

— Top-down decomposition and modular analysis




Overview of cement production process B_a;;l&_!
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Overview of cement production process

Note: Dashed lines outline the processes addressed in BEST Cement benchmarking tool



Processes addressed in BEST Cement for
benchmarking a cement facility

-
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Process blocks

Process-steps

* Raw materials preparation

* Preblending (prehomogenization, proportioning and reclaiming)

* Crushing
e Grinding
* Homogenization

* Fuel preparation

* Fuel grinding and preparation

» Additives preparation

* Additive grinding and blending
* Drying

» Kiln system - machinery use (electricity)

e Preheater & clinker cooler
e Precalciners & kiln

* Kiln system - clinker making (fuel use)

e Precalciners
e Kkiln

e Cement grinding

* Grinding by cement types and grades

e Other production energy

* Quarrying
* Auxiliaries
* Conveyors

 Other non-production energy

* Lighting, office equipment, miscellaneous




Benchmark B_;K_E;l;

* No actual cement facility with every single efficiency
measure included in the benchmark will likely exist, however,
the benchmark sets a reasonable standard by which to
compare.

* The energy consumption of the benchmark facility will
differ due to differences in processing at a given cement
enterprise.

* The tool accounts for these variables and allows the user to
adapt the model to operational variables specific for their
cement facility.



3. Workflow of BEST Cement
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Major production variables required include:

* the amount of raw materials used

* the amount of raw materials that are prehomogenized and
proportioned

* the amount of additives that are dried and ground

* the production of clinker from each kiln by kiln type

* the amount of production of cement by type and grade

* the energy used by fuel type and process

Information such as milling and electricity generation is also required.
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4 BEST Cement - Cement Production Input (Detailed Assessment of Facility)

Cement Production rea—r—— ~
Type of cement produced: Quantity (1) Enter production data for all applicable wellm cells. —
(tonnes | year) (2) Data should be entered for one specific calendar year.
1. Pure Portland Cement (3) Crreyy cells are calculated and data do not need 1o be entered in these cells. A
425/ 435R 50,000 . . - -
5357 525E ] Additional Information on Milling
. - Enter the percentage of materials that are ground in each type of mill:
625/625R [ ] : . g
2 P o Raw materials and additives grinding
- Common Poriland Cement (tormes/year) (%, Tatal =100}
12573258 [ ] Total  wgw |
42.5/42.3R ] Ball mill(s) | 149,400 L mw
52.5/525R ] Vertical roller millis) | 30,600 Lo |
3. 8lag C t
lag Cemen High pressure roller press(es) | 0 | | 0% |
Combined
onbine - e T
(et L il
525/525R |:| Fuel grinding
4.Fly Ash Cement {tonmes/year) (%%, Total =100)
325/325R [ ] Total | = |
Q514 1 b | 0 e
525/ 52.5R 1 Vertical roller mill(s) | 14,500 [ 0w |
5.Pozzolana Cement
335 /325K I:l Cement grinding (includes additives)
I:I (tonnesfyear) (%, Total =100)
42514258 Total | 125,000 |
515/ 513R
Ball milli; 25,000 20%
6. Blended Cement » | | | |
S ] Vertical roller mill(s) | 100,000 '
Combined grinding
4257 425R I:l ( roller press(es) +hall mill(s) ) | 0 | | 020 |
525452.5R, 1 High pressure roller press(es) | 0 [ |
[ Horizontal roller mill(s)
Total Cement Produced
Average clinker to cement ratio (g) (0<g==1) 0.80 Previous | ‘ Wext ‘
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4 BEST Cement - Purchased and Generated Electricity Input(Detailed Assessment of Facility)

Fleciricity Purchased Instrartions:
(1) Enter purchased and generated electricity data for all applicabls yellow cells,
Total Electricity Purchased (KWhivear) 15,880,000 () Diata should be entered for one specific calendar year.
(3) Grey cells ave calculated and data do not reed to be entered in these cells.
. . (4) Enter zero for waste heat if won ondy use fuels to generate onsite electricity (ie. no onsite
FElectricity (Generation electricity is generated using waste heat).
.. MNotes:
Electricity Output (1) Please enter electricity parchased frorn outside and nsed at wour plant, as well as
Total Elertricity Cenerated Onsite electricity generated at your site.
(kWhiyear) For the onsite generated electricity, please enter the armount of electricity that is sold to grid
or offsite, and the armount of generated electricity that is used at your own plant. Please enter
Electricity Geneated and Sold zero or lesve it blank if no electricity is generated, or sold.
to Girid or Offsite (KWhiyear) (20 If yrour plant does generate electricity onsite, BEST-Cetment will assurne that all the
gererated electricity is fiora waste heat, and provide energy usage frorn waste heat from
Self-Use Electricity of Electricity default corversion factors. If the defanlt value does not ratch the real situation in your plant,
Cheneratinn Syster (kKWhiyear) please chioose “Don’t use default/Enter”, and enter exergy use frorn waste heat to generate
electricity.
Electricity Generated and Used If self-generated electricity is not fror waste heat, but other fuels, such as coal, coke, and
in Cernent Production (kWhiyear) hintnass, please enter the armount of energy use for the specific fuels. Please enter zero for
waste heat.
Energy Used to Generate Electricity Please use the Energy Coreersion Caleulator at right to corseert phyrsical units to standard
coal equivalent (kaee) for different types of fuel.  Corsrersion factors are from China Energy
Waste Heat (kacefyear)
Lhout corrverting electricitsy use to coal equralent
(%) Use default (") Dor't use default / Enter .
Energy Conversion Calculator
Coal (kgcefyear) Motice: If you are not fardliar with how to coreeert phrsical units to
standard coal equivalent, press the button below to use our energy
Coke (heelyear) coreversion caloulator.
Biormass (kgrefyear)
Other Energy 1 | (ke year)
[ Energy Corversion Calculator ]
Other Energy 2 | (hgeefyear)
Subtotal (kgce/year .
(kgee/year) [ Previous ] [ Next \
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Input — Energy consumption by process step BERKELEY LAB

¢4 BEST Cement - Energy Consumption Input (Detailed Assessment of Facility)

Energy Consumption Input - Process Step Input

Insiructions: (1) Enter energy consurnption data for all applicable wellowr cells. (2) Diata should be entered for one specific calendar year. (3) Grey cells are calculated and data do not need to be -~
entered. e
Fiel wremnaration Kiln gystern - Kiln gystermn -
Process A dditrve drying ( P p]. Horogenization preheaters (1f precaleiners (if Kiln systern - kiln
applicable) applicable)
Production Per Process (tonnes/year) 15,000 14,500 180,000 100,000 100,000 100,000

Energy Input (not including fuels used
to generate eleciricity)

Coal (kaeefrear) 400,000 400,000 13,000,000
Coke [kegeelyvear)

Biomass (kaeelyvear)
Other Energy 5 (kgeehyear)

Other Energy 4 (kzeefyear)

Electncity Consumed (purchased and

¢ generated) (kWhivear] 450,000 400,000 200,000
Final Electricity Consumption hy
Process (kWhiyear) 450,000 400,000 200,000
Final Fuel Consumption by Process 400000 . 0 ] w0000 13000000
(kgee /vear)
Total Final Energy Consumption 400,000 55,305 49,160 98,320 400,000 13,000,000
(kgee/year)
. Enerey Consumption 400,000 169,786 150,921 301,842 400,000 13,000,000
(kgee/year)
2 >

Ezergy Corrversion Caleulator ] l Previous l l Next
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Benchmarking —

« Energy intensity

 Energy Intensity Index (EIIl)

« Benchmarking is used to
(1) evaluate the energy efficiency of the user’s cement facility;
(2) identify the potential for improving energy efficiency.
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International benchmarking BERIELEY LAS

¢4 BEST Cement - Benchmarking Results (Detailed Assessmant of, Facility)

International Benchmarking
Final Energy Use Comparisons Distance from International Best Practice Insiructions: The results of
200 betichrnarlang your facility to a
reference, best practice cerment plant
1572 producing the same procducts under
15 4 ] N L o .
& 12,494 150 | Your facility = 142 | sE:Jla.r conditions are presented. on this
S 11,056 sheet. The results of the analysis are
= expressed as an internsity index. The
E L 1 = Best = 100 performance (or index) of the reference
2 'g 100 facility is 100, The higher the intensity
2 & index, the larger the potential for
5T i efficiency improvement.
50 - 4| |Mote: EII = Energy Intensity Index
1]
T onr Tonur International
facility target best practice o
e International Best Practice Potential for Efficiency Potential Cost Reduction
¥ Summary Data MR AL Farility [rprovernent (RIIBivrear)
Electnmty Consumption (kWhiyear) 15,220,000 9,775,262 6,104,738 3,032,369
Electricity Intensity of Clinker (kWhitonne) 23 52 30
Comprehensive Electricity Intensity of Cement(kWhitonne) 127 18 40
Purchased Electricity Intensity (k'Whitonne cement) 127
Fuel Conmmption (kgeefrear) 13,200,000 0534949 3,945,051 2,761,536
Comprehensive Fuel Intensity (kaceftonne clinker) 138 ] 30
Final (site] Energy Connuuption (kzcefrear) 15,751,652 11,056,329 4695323 5,813,905
Final (site) Energy Intensity (kgoe/tonne cemant) 126 22 38
Frimary Energy Consumption (kerefyear) 19,791,572 13,543,185 f,248 387
Prmary Energy Intensity (kgceftonne cement)) 158 108 =0
Energy Use Benchrarking i
() Final Enerzy Use Benchroarking () Prirary Enerey Use Benchraarking Previous l [ Next
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Domestic benchmarking BERKELEY LB

4 BEST Cement - Benchmarking Results (Detailed Assessment of Facility)

Domestic Benchmarking
Final Fnexrgy Use Comparisons Distance from Chinese Besi Praciice Instructions: The resultz of
200 berichrvarkang your facility to a
reference, best practice cerment plant
. 15,752 producing the same products under
_ T 1 irvilar conditions are presented on this
150 1LF P
g e 11,298 Your facility = 128 sheet. The results of the analysis are
E- expressed ags an intensity index. The
E 10 + 1 E Best =100 performmance (or index) of the reference
z 'E 100 facility is 100, The higher the intensity
g & indezx, the larger the potential for
51 1 efficiency irnproveraent.
&0 4| |Note: EII = Enerey Intensity Index
0
Fomr Fomr Chinese
facility target best practice 0
o Chinese Best Practice Potential for Efficiency Potential Cost Beduction
»  Summary Data Your Farility Farility Lrproveraent (BB fyrear)
Electricity Conmmption (k'Whiyear) 15,280,000 11,149,600 4,730,391 2,365,196
Electricity Intensity of Clinker (EWhitonne) 22 a1 21
Comprehensive Electricity Intensity of Cement(kWhitonne) 127 0 32
Purchased Electricity Intensity (kWhitonne cement) 127
Fuel Comsumption (kgeelrear) 13,200,000 10,927,926 2,272014 2,010,410
Comprehensive Fuel Intansity (kzeeftonne clinker) 138 109 a0
Final (site] Energy Connomption (kgeefrear) 15,751,652 12,298,273 3,453,379 4,375,605
Final (site) Energy Intensity (kgoeftonme cement) 126 oz 28
Primary Energy Consumption (kgee/year) 19,791,572 15,134,767 4,656,804
Primary Enerzy Intensity (kgceftonne cement) 158 121 37
Enerzy Use Benchrnarking .
(%) Final Energy Use Benchmarking ) Prirary Energy Use Benchroarking Previous l [ Next




Benchmarking by process .
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4 BEST Cement - Benchmarking by Process (Detailed Assessment of Facility)

Benchmarking by Process
3 (1) Faw haterials Preparation 3 (2) Fuel prepatation 3 (3) sdditives Preparation 3 (4) Kiln - Machinery Use
3 (5) Kiln - Clinker Iaking C (8) Cerent Grinding 3 (7) Other Production Energy 3 (8) Other Hon-production Energyr
[ Oreerall
300
g 250 | a1 230 International Benchmarling 5
2 om0 | 167 170 164 (Final Energy) .
B 150 138 142 5 A 142 |
g 116 Best Practice = 100
E 100
£ 50 .
0
() )] &) 8] (5 )] 7 (8 Orrerall
300
5 250 230 Domestic Benchmarking e
E 200 - 173 170 ( Final Energy ) 7
=10 b 141 124 127 Lk 128 ) .
= 100 1 Besi Practice = 100
g 100
o
D SD I I I:I ]
0
(1 (2 (3 )] (5 (6 7 (8} Orrerall
Share of Final
Process Step Final Energy Intensity Indexes (EIT) Energy by Share of Final Energy by Process Step
The final energy intensity index of each process step FrocecsE {1} Raw NIaterials Preparation: 32%
is calculated based on final energy consuraption. Final (2) Fuel preparation: 0.4%
energy intensities for each stage of production of wour (3) Additrves Preparation: 33%
plant are corapared to international hest practices for {4) Kiln - Ilachinery Use: 2.0%
each stage in the first graph (shove) and then compared {5) Kiln - Clinker Ivlaking: B3.1%
to dotaestic best practices for each stage in the second (6) Cement Grinding: 51%
graph (abowe). The shares of final energy used for (7) Other Production Energy: 0.8%
each stage of production are showed on the nght. (2} Other Non-production Energy: 0.1%
Benchiarking by Process .
(%) Final Energy Use Benchmarking ) Primary Energy Use Benchmarking I Previous I [ Next




Energy efficiency measures

 After benchmarking the cement plant's performance, BEST Cement
can be used to evaluate the impact of selected energy efficiency
measures.

« BEST Cement provides information on approximately 50 energy-
efficiency measures that can be used in cement plants, including their
cost, energy savings, simple payback time, carbon dioxide emissions
reduction, etc.

* The user selects the degree or share of implementation for each of
the measures, and the BEST Cement then calculates the overall cost
to implement the chosen measures along with the related energy and
emissions savings, cost savings, payback period and a re-calculated
benchmark.
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Energy efficiency measures selection senveLeY LAB

¥4 BEST Cement - Energy Efficiency Measures Salation

Energy Efficiency Measures Instructions:

The next seetion of BEST Cement iz desighed to assist in evaluation
Raw Materials Preparation of opportunities for nproving the ensrgy efficiency of your plant.
There are about 50 different opportundties for different stages of
production.

Select the button at the left that corresponds to the ares in which
Fuels Preparation vrom would like to view energy efficiency irproverment measures.
MNotes:

Al eneray saving potentials are estivnated based on the international
practices and theoretical analyses. The results ondy provide an
Kiln approvtmate estitnation of the energy savings that the cement plants
cotld achieve in theory. Secording to some recent reports, Chinese
cernent plants have not achieved the full enersy saving potentials
after they adopted some specific technologies.

Cement Grinding

Product and Feedstock Changes

Utility Systems Measures

Self Assessment Results

‘ Benchraarking with Selected Measures Iraplemented ‘

‘ Surernary Data ‘
‘ Return to Previous Sheet / Exit




Self assessment with selected measures

Implemented

¢4 BEST Cement - Self Assessment Results (Detailed Assessment of, Facility)
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Self Assessment Results
Benchroarking with Selected Ieasures Implemented Surnrmary Data
Final Energy Use Comparisons Petential and SSegty
[ (1) Potential for Efficiency Savings
O (2) Savings for Selected Efficiency Meamres
15,752
15 4
i 12,494 12,492 12,298 11056 Final Energy Savings (kgce/vear)
i 10 + F 4,695 323
i 24
s o5 1 o 2,259,479
® 2
T2
0 B
Your Your Your new Chinese Internatiozal 0
facility target EHETTT 156 best practice hest practice (1) ()
Benchmarking with Selected Measures buplemented Cost Redurtio fyear)
05 uction (RMB/year
W Original Final Brergy Ftensity hdex (FEID) EE W Hew FEI with Selected Meanmes Buplaneted
g 5,812,005
5 20 International Benchmarking =
Ina ent o
o200 g4
ERREilE 142 ¥ 3,207 A=
& 113 Best Practice = 100 @ 7
E 100 E
g 50 = i
= 0 1 2
Original Hew (b @
Final EIT Final EII
Emission Reductions (tonne CO2/year)
= 0 Domestic Benchmarlking Ej a0k
E 200 - g s 17,372
g PUF 126 102 Best Practice = 100 £ 10604
& 100 A 10 E
g sof I I 55|
0 :
Ciriginal Hew =
Firal EIT Final FIT (1 (2
Energy Indensity Index (EII) OK
(%) Display Final EII (FEIT) () Display Priraary EIT (PEIT)
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If you have any technical difficulties, please contact one of the following:

Lawrence Berkeley National Laboratory (LBNL)
Lynn Price, Email: LKPrice@Ibl.gov
Zhou Nan, Email: NZhou@lIbl.gov

The Energy Research Institute (ERI)
Zhou Fuqiu, Email: zhoufugiu@eri.org.cn
Xiong Huawen, Email: xionghuawen@eri.org.cn

The China Cement Association (CCA)
Zeng Xuemin, Email: zxm2507@vip.163.com

The China Building Materials Academy (CBMA)
Wang Lan, Email: wanglan@cbmamail.com.cn
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Thank you!

For more information, please contact
Jing Ke

JKe@Ibl.gov

Lawrence Berkeley National Laboratory
Berkeley, CA 94720
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