
#ASE฀3TUDY฀ #O
PROCESSING฀7ASTE฀-ATERIALS฀
IN฀#EMENT฀0RODUCTION

4EST฀"URNS฀WITH฀0#$$S�0#$&S฀-ONITORING฀

"ACKGROUND
#O
PROCESSING฀IN฀THE฀CEMENT฀INDUSTRY฀IS฀AN฀ALTER

NATIVE฀ FORM฀ OF฀ WASTE฀ DISPOSAL�฀ %SPECIALLY฀ HIGH฀
CALORIFIC฀WASTE฀CAN฀BE฀DISPOSED฀OF฀AS฀ALTERNATIVE฀
FUELS฀IN฀THE฀CEMENT฀KILNS฀TO฀REPLACE฀FOSSIL฀FUELS�฀฀)N฀
ALL฀INCINERATION฀PROCESSES�฀SPECIAL฀ATTENTION฀MUST฀
BE฀ PAID฀ TO฀ THE฀ FORMATION฀ OF฀ POLYCHLORINATED฀ DI

BENZODIOXINS฀�0#$$S	฀AND฀POLYCHLORINATED฀DIBEN

ZOFURANS฀�0#$&S	฀AS฀UNINTENTIONAL฀BYPRODUCTS฀OF฀
CHLORINE฀ AND฀ HYDROCARBON฀ PRECURSORS฀ FROM฀ THE฀
RAW฀MATERIALS�฀

4HE฀FORMATION฀OF฀DIOXINS฀AND฀FURANS฀IS฀KNOWN฀
TO฀ OCCUR฀ BY฀ ±DE฀ NOVO฀ SYNTHESIS²฀ DURING฀ COOLING฀
WITHIN฀THE฀TEMPERATURE฀RANGE฀FROM฀���฀TO฀����#�฀
4HIS฀CAN฀HAPPEN฀DURING฀THE฀CO
PROCESSING฀OF฀HALO

GENATED฀WASTE฀IN฀A฀KILN�฀)N฀ORDER฀TO฀ESTABLISH฀A฀BET

TER฀ UNDERSTANDING฀ OF฀ THE฀ DESTRUCTION฀ PROCESS฀ IN฀ A฀
KILN�฀A฀TRAIL฀BURN฀WAS฀PROPOSED฀TO฀MEASURE฀THE฀UNIN

TENTIONAL฀BY฀PRODUCTS�฀4HE฀TEST฀TRIAL฀WAS฀CARRIED฀OUT฀
IN฀THE฀"ULACAN฀CEMENT฀PLANT฀OF฀THE฀5NION฀#EMENT฀
#ORPORATION฀IN฀THE฀0HILIPPINES฀IN฀.OVEMBER฀�����

4HE฀#ONDITIONS
4HE฀TEST฀WAS฀DONE฀FOR฀TWO฀REASONS�฀
9฀฀TO฀ DEMONSTRATE฀ THAT฀ CO
PROCESSING฀ IS฀ A฀ PRAG


MATIC฀ AND฀ ENVIRONMENTALLY฀ SOUND฀ WAY฀ TO฀ TREAT฀
WASTE

9฀฀฀฀TO฀USE฀A฀BATCH฀OF฀�����฀TONNES฀OF฀฀IMPORTED฀PET฀
FOOD�฀ WITH฀ A฀ CALORIFIC฀ VALUE฀ OF฀ �����฀ -*฀ AND฀
CHLORINE฀ CONTENT฀ OF฀ ����฀ ��฀ CHLORIDE�฀ 4HE฀ PET฀
FOOD฀WAS฀CONTAMINATED฀WITH฀MOULD฀TOXINS�

)N฀COMPARISON�฀ THE฀CHLORIDE฀CONTENT฀OF฀COAL฀
USED฀IN฀THE฀"ULACAN฀PLANT฀IS฀ONLY฀IN฀THE฀RANGE฀OF฀
ZERO฀TO฀������฀4HE฀GREATER฀AMOUNT฀OF฀CHLORINE฀IN฀
THE฀PET฀FOOD฀IN฀THE฀CEMENT฀PROCESS฀INCREASES฀THE฀
PROBABILITY฀ OF฀ THE฀ FORMATION฀ OF฀ 0#$$S�0#$&S�
4HE฀TRIAL฀BURN฀IN฀THE฀"ULACAN฀#EMENT฀0LANT฀COM

PLIED฀WITH฀THE฀#LEAN฀!IR฀!CT฀OF฀THE฀0HILIPPINES�

4HE฀"ULACAN฀CEMENT฀PLANT฀IS฀EQUIPPED฀WITH฀
A฀SEMI
AUTOMATIC฀FACILITY฀FOR฀CO
PROCESSING฀SOLID�฀
LIQUID�฀AND฀SLUDGE฀WASTES฀AS฀ALTERNATIVE฀FUELS�฀4HE฀
UNITS฀CONSIST฀OF฀A฀BIG฀FEEDING฀HOPPER฀AND฀A฀CON

VEYER�฀WHICH฀CARRIES฀THE฀SOLID฀WASTE฀DIRECTLY฀TO฀THE฀
RISER฀ DUCT฀ BELOW฀ THE฀ INLINE฀ CALCINER฀ �),#	�฀ &ROM฀
THERE฀THE฀WASTE฀MATERIALS฀ARE฀INTRODUCED฀INTO฀THE฀
KILN฀ON฀THE฀SECONDARY฀SIDE�

4HE฀4EST฀4RIAL฀
!LL฀CRITERIA฀FOR฀THE฀TEST฀TRIAL฀FOR฀MEASURING฀฀฀0#$$S�
0#$&S฀ EMISSIONS฀ IN฀ THE฀ STACK฀ GAS฀ HAS฀ BEEN฀
WORKED฀ OUT฀ AND฀ DEFINED฀ IN฀ A฀ TEST฀ PROTOCOL�฀ !C

CORDING฀TO฀THIS฀PROTOCOL�฀THE฀TEST฀TRIAL฀MUST฀BE฀IN฀
COMPLIANCE฀ WITH฀ INTERNATIONAL฀ REGULATIONS฀ AND฀
PROCEDURES�฀LIKE฀THE฀±53
%0!฀#ODES฀OF฀THE฀&EDERAL฀
2EGULATIONS฀ �#&2	฀ ��²฀ AND฀ THE฀ ±%5฀ $IRECTIVE฀
�������฀ %#฀ ON฀ THE฀ INCINERATION฀ OF฀ WASTE²�฀ 4HE฀฀
TRIAL฀INCLUDED฀THREE฀TEST฀RUNS฀WITH฀THE฀FOLLOWING฀
PARAMETERS�

9฀฀฀!฀BLANC฀TEST฀RUN฀�WITHOUT฀PET฀FOOD	�฀SECOND฀TEST฀
RUN฀WITH฀A฀FEEDING฀RATE฀OF฀����฀TONNS฀PET฀FOOD�
HOUR฀AND฀A฀THIRD฀TEST฀RUN฀WITH฀A฀FEEDING฀RATE฀OF฀
���฀TONNS฀PET฀FOOD�HOUR



3TACK฀WITH฀THE฀MONITORING฀PLATFORM฀AND฀THE฀ADJUSTMENT฀OF฀THE฀PROBE฀INTO฀THE฀KILN

9฀฀฀฀฀4HE฀ CEMENT฀ KILN฀ DID฀ RUN฀ IN฀ THE฀ ±#OMPOUND฀
MODE฀�THE฀NORMAL฀WORKING฀CONDITIONS	²

9฀฀฀฀4HE฀SAMPLING฀TIME฀OF฀THE฀STACK฀GAS฀TOOK฀�฀
฀�฀
HOURS฀PER฀RUN�฀4HE฀STACK฀GAS฀SAMPLING฀STARTED฀
ONLY฀ AFTER฀ ALL฀ PROCESS฀ PARAMETERS฀ OF฀ THE฀ CE

MENT฀KILN฀WERE฀STABLE

9฀฀฀฀!LL฀ STANDARD฀ OPERATING฀ AND฀ EMISSION฀ PARAME

TERS฀WERE฀MONITORED฀CONTINUOUSLY฀

9฀฀฀฀4HE฀TRAIL฀BURN฀AND฀THE฀TESTING฀WERE฀CARRIED฀OUT฀
ON฀THREE฀FOLLOWING฀DAYS�

&OR฀ THE฀PERFORMANCE฀OF฀ THE฀STACK฀GAS฀SAM

PLING฀AND฀ANALYSIS฀TO฀GET฀RELIABLE฀RESULTS฀THE฀FOL

LOWING฀ QUALIFIED฀ TEST฀ METHODS฀ OF฀ THE฀ 5�3�฀ %NVI

RONMENTAL฀0ROTECTION฀!GENCY฀53
%!0฀-ETHODS฀��฀
��฀�!�฀��฀��฀AND฀��฀AS฀WELL฀AS฀THE฀%UROPEAN฀3TAND

ARD฀%.฀����
�฀WERE฀USED�฀4HE฀STACK฀GAS฀WAS฀COL

LECTED฀WITH฀A฀SPECIAL฀PROBE฀ON฀THE฀STACK฀SAMPLING฀
PLATFORM฀ OF฀ THE฀ CEMENT฀ KILN�฀ 4HE฀ 0#$$S�0#$&S฀
WERE฀ COLLECTED฀ IN฀ A฀ COMBINED฀ CONDENSER฀ WITH฀ A฀
8!$
�฀RESIN฀ABSORBENT฀TRAP฀)N฀A฀SPECIALIZED฀LABO

RATORY฀ IN฀ !USTRALIA฀ THE฀ 0#$$S�0#$&S฀ WERE฀ ANA

LYZED฀BY฀USING฀A฀HIGH฀RESOLUTION฀GAS฀CHROMATOG

RAPHY�MASS฀ SPECTROMETER฀ IN฀ ACCORDANCE฀ WITH฀
53
%0!฀-ETHOD฀����!�

4HE฀TEST฀RESULTS฀OF฀THE฀STACK฀SAMPLES฀OF฀THIS฀
TRIAL฀WERE฀ALL฀BELOW฀���฀NG฀4%1�3M��฀WHICH฀IS฀THE฀
LIMIT฀ VALUE฀ IN฀ THE฀ %UROPEAN฀ LEGISLATION฀ FOR฀ HAZ

ARDOUS฀WASTE฀INCINERATION฀PLANTS฀�#OUNCIL฀$IREC

TIVE฀��������฀%#	�฀4HE฀RESULTS฀REVEAL฀CLEARLY฀THAT฀
THE฀ CO
PROCESSING฀ OF฀ THE฀ PET฀ FOOD฀ HAS฀ NO฀ EFFECT฀
ON฀THE฀EMISSIONS�

,ESSONS฀,EARNT
"EFORE฀THE฀START฀OF฀THE฀CO
PROCESSING�฀IT฀IS฀IMPOR

TANT฀TO฀STUDY฀THE฀CHEMICAL฀STRUCTURE฀AND฀THE฀DE

COMPOSITION฀ PROCESS฀ OF฀ THE฀ WASTE฀ UNDER฀ THE฀
CONDITIONS฀OF฀฀CEMENT฀KILNS�฀

$EPENDING฀ ON฀ THE฀ OUTCOME฀ OF฀ THE฀ EVALUA

TION�฀A฀TRAIL฀SHOULD฀BE฀CARRIED฀OUT฀TO฀EVALUATE฀THE฀
EMISSIONS฀ IN฀ THE฀STACK฀GAS฀OF฀ THE฀CEMENT฀PLANT฀
AS฀WELL฀AS฀TO฀CALCULATE฀THE฀RISKS฀FOR฀THE฀ENVIRON

MENT�฀#O
PROCESSING฀IS฀PLAYING฀A฀MORE฀AND฀MORE฀
A฀SIGNIFICANT฀ROLE฀IN฀WASTE฀MANAGEMENT฀IN฀DEVEL

OPING฀COUNTRIES�฀4EST฀TRAILS฀ARE฀AN฀IMPORTANT฀TOOL฀
TO฀ GET฀ INFORMATION฀ ABOUT฀ THE฀ EXPECTED฀ EMIS

SIONS฀AND฀THE฀BEHAVIOR฀OF฀ THE฀WASTE฀DURING฀THE฀
DESTRUCTION฀PROCESS�

'OOD฀PRACTICE฀
4HE฀DECISION฀TO฀START฀CO
PROCESSING฀WASTE฀AND฀TO฀
CARRY฀OUT฀A฀TEST฀DEPENDS฀ON฀THE฀CHEMICAL฀COMPO

SITION฀ AS฀ WELL฀ AS฀ THE฀ QUANTITY฀ OF฀ THE฀ WASTE�฀4HE฀
RELEVANT฀ NATIONAL฀ AGENCY฀ SHOULD฀ BE฀ INVOLVED฀ IN฀
THE฀ PLANNING฀ PROCESS฀ IN฀ A฀ VERY฀ EARLY฀ STAGE�฀ #E

MENT฀ PLANTS฀ SHOULD฀ EXECUTE฀ CO
PROCESSING฀ AND฀
TEST฀ TRAILS฀ ONLY฀ IF฀ THEY฀ ARE฀ ABLE฀ TO฀ ABIDE฀ BY฀ THE฀
NATIONAL฀EMISSION฀STANDARDS�

2%&%2%.#%3฀
WWW�COPROCEM�COM

4HE฀SEMI
AUTOMATIC฀CO
PROCESSING฀FACILITY฀FOR฀SOLID฀WASTE


