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)NTRODUCTION
#OMPREHENSIVE฀ EVALUATION฀ OF฀ A฀MANUFACTURE฀ PROCESS฀ SHOULD฀ IN


CLUDE�฀ABOVE฀ALL�฀AN฀ANALYSIS฀OF฀THE฀TECHNOLOGICAL฀PROCESS฀�EXISTENT฀OR฀
DESIGNED	�฀ A฀ BALANCE฀ OF฀ RESOURCE฀ AND฀ PROCESSING฀ AID฀ FLUX�฀ APPARATUS฀
AND฀EQUIPMENT�฀AND฀A฀BALANCE฀OF฀PRODUCED฀AND฀EMITTED฀WASTE�฀!N฀IM

PORTANT฀STEP฀IN฀THE฀EVALUATION฀IS฀IDENTIFYING฀POTENTIAL฀SOURCES฀OF฀WASTE฀
PRODUCTION฀;�Ô�=�
4O฀PERFORM฀A฀COMPREHENSIVE฀TECHNOLOGY฀EVALUATION฀IT฀IS฀IMPORTANT฀

TO฀CHOOSE฀THE฀APPROPRIATE฀METHOD�฀AMONG฀THOSE�฀WHICH฀ARE฀SPECIFICALLY฀
DESIGNED฀FOR฀ECONOMICAL฀EVALUATION�฀OR฀OTHERS฀ADAPTED฀FOR฀THIS฀CAUSE�฀
!N฀OVERVIEW฀AND฀EXAMPLES฀OF฀METHODS฀USED฀CAN฀BE฀FOUND฀IN฀MULTIPLE฀
PUBLICATIONS฀;�Ô�=�฀!฀COMPLETE฀AND฀VALID฀EVALUATION฀OF฀ENVIRONMENTAL฀
IMPACT฀OF฀ A฀MANUFACTURE฀ TECHNOLOGY฀ CONCERNS฀ EXISTENT฀MANUFACTURE฀
PROCESSES�฀AS฀WELL฀AS฀THOSE฀UPDATED฀AND฀NEWLY฀DESIGNED�
5SING฀METHODS฀OF฀JOINT฀TECHNICAL�฀ECOLOGICAL฀AND฀ECONOMIC฀EVALU


ATION฀OF฀MANUFACTURE฀PROCESSES฀ IS฀CRITICALLY฀ IMPORTANT฀ FOR฀A฀COMPRE

HENSIVE฀ASSESSMENT฀OF฀A฀GIVEN฀PRODUCTION�฀%VALUATION฀METHODICS฀MAY฀
HAVE฀A฀QUANTITATIVE฀CHARACTER฀�PROCESS฀BALANCE฀AND฀TECHNICAL
ECONOMIC฀
FACTORS	�฀QUALITATIVE฀CHARACTER฀�SUBJECTIVE฀EVALUATION฀METHODS�฀EXPERT฀
EVALUATION	฀OR฀MAY฀POSSESS฀A฀MIXED฀CHARACTER�฀%VALUATIONS฀MAY฀BE฀EI

THER฀PARTIAL฀OR฀COMPREHENSIVE�฀4HE฀DIVERSITY฀OF฀METHODS฀FOR฀A฀MULTI

LATERAL฀ASSESSMENT฀OF฀MANUFACTURE฀PROCESSES�฀HOWEVER�฀THE฀CHOICE฀OF฀
OPTIMAL฀METHODS฀OF฀ASSESSMENT฀MAY฀SUBSTANTIALLY฀INFLUENCE฀THE฀VALIDITY฀
OF฀ RESULTS฀OBTAINED�฀4HIS฀WORK฀DESCRIBES฀ THE฀MAIN฀METHODS฀OF฀ECO

LOGICAL฀ AND฀ ECONOMIC฀ EVALUATION฀ ;�����Ô��=�฀WHILE฀ CHOSEN฀METHODS฀
HAVE฀BEEN฀ASSOCIATED฀WITH฀EXAMPLES฀OF฀APPLICATION�฀4ABLE฀�฀SUMMARISES฀
METHODS฀OF฀TECHNOLOGY฀EVALUATION�

#LEANER฀PRODUCTIONS฀AS฀THE฀MAIN฀ELEMENT฀OF฀BALANCED฀
DEVELOPMENT฀AND฀PREVENTING฀ENVIRONMENTAL฀POLLUTION
%VERY฀MANUFACTURING฀ACTIVITY฀INFLUENCES฀THE฀ENVIRONMENT�฀SO฀THERE฀

IS฀NO฀ECOLOGICALLY฀CLEAN฀PRODUCTION�฀(OWEVER฀WE฀CAN฀DISCUSS฀#LEANER฀
PRODUCTION�฀I�E�฀ONE฀THAT฀REDUCES฀NEGATIVE฀INFLUENCE฀ON฀THE฀ENVIRONMENT฀
TO฀THE฀MINIMUM�฀5SING฀CLEANER฀PRODUCTIONS฀ENABLES฀REACHING฀A฀HIGHER฀
LEVEL฀OF฀ECOLOGICAL฀PRODUCTION฀DEVELOPMENT฀AND฀PRODUCT฀USE�฀)T฀REMAINS฀
ONE฀OF฀ THE฀BASIC฀ELEMENTS฀QUALIFYING฀ FOR฀ A฀BALANCED฀DEVELOPMENT฀OF฀
THE฀SOCIETY฀�3OCIETAL฀3USTAINABILITY฀$EVELOPMENT	�฀#LEANER฀PRODUCTIONS฀

REQUIRE฀DEVELOPING฀EVEN฀BETTER฀TECHNOLOGIES�฀WITH฀ LITTLE฀OR฀NO฀WASTE฀
PRODUCED฀IN฀THE฀PROCESS฀AND฀CONSUMING฀LESS฀ENERGY�฀WHICH฀MUST฀HAVE฀
POSITIVE฀ECONOMICAL฀IMPACT�฀WHEN฀INTRODUCED�฀3UCH฀AN฀ASCERTAINMENT฀
HAS฀CHANGED฀THE฀APPROACH฀TO฀ECOLOGICAL฀FACTORS�฀4HE฀LASTING฀EFFECT฀IS฀THE฀
INTRODUCTION฀OF฀MORE฀OPTIMAL฀METHODS฀FOR฀PREVENTING฀WASTE฀PRODUC

TION฀OR฀WASTE฀MANAGEMENT�฀3UCH฀ACTIONS฀ARE฀CURRENTLY฀BEING฀UNDER

TAKEN฀BY฀ SINGLE฀MANUFACTURING฀ SITES�฀WHOLE฀CORPORATIONS฀OR฀EVEN฀ON฀
NATIONWIDE฀AND฀GLOBAL฀SCALE฀;��฀��฀���฀��=�
#LEANER฀ PRODUCTION�฀ PRODUCTION฀ MANAGEMENT�฀ WHICH฀ PREVENTS฀

AND฀LIMITS฀ENVIRONMENTAL฀IMPACT฀ON฀ALL฀STAGES฀OF฀AN฀ARTICLEoS฀LIFE฀CYCLE฀

฀FROM฀RESOURCE฀EXTRACTION฀TO฀FINAL฀STORAGE฀OF฀SPENT฀PRODUCT�฀4HE฀AIMS฀
OF฀CLEANER฀PRODUCTION฀ARE฀NOT฀ONLY฀ACHIEVED฀THROUGH฀MODIFYING฀TECH

NOLOGY�฀BUT฀ALSO฀THROUGH฀CHANGES฀IN฀THE฀WAY฀ECOLOGICAL฀PROBLEMS฀ARE฀
PERCEIVED�฀AS฀WELL฀AS฀THE฀CONNECTION฀OF฀ECOLOGY฀AND฀ECONOMY฀;��฀��฀��=�฀
5SING฀ TECHNIQUES฀ �OPTIONS	฀ OF฀ CLEANER฀ PRODUCTION�฀ ESPECIALLY฀ ON฀ THE฀
STAGE฀OF฀RESEARCH฀AND฀DEVELOPMENT฀AS฀WELL฀AS฀DESIGN฀�&IG��	�฀ALLOWS฀FOR฀
A฀PRO
ECOLOGICAL฀DIRECTION฀FOR฀NEWLY฀DEVELOPED฀TECHNOLOGIES�
"ALANCED฀DEVELOPMENT฀�ECODEVELOPMENT	฀IS฀A฀FORM฀OF฀ECONOMICAL฀

DEVELOPMENT�฀WHICH฀TAKES฀INTO฀ACCOUNT฀ALL฀THE฀NEEDS฀OF฀ENVIRONMENTAL฀
CONSERVATION�฀)T฀ IS฀A฀PROCESS�฀ IN฀WHICH฀THE฀EXPLOITATION฀OF฀NATURAL฀RE

SOURCES�฀ INVESTMENT฀AND฀TECHNOLOGY฀DEVELOPMENT฀DIRECTIONS�฀AS฀WELL฀
AS฀INSTITUTIONAL฀CHANGES฀PROCEED฀IN฀PERFECT฀HARMONY฀WITH฀THE฀CURRENT฀
AND฀FUTURE฀POTENTIAL฀USED฀FOR฀FULFILLING฀HUMAN฀NEEDS฀AND฀ASPIRATIONS฀;��฀
���฀��=�฀%NVIRONMENTAL฀PROTECTION฀IN฀THE฀MODEL฀OF฀BALANCED฀DEVELOP


4ABLE฀�

4ECHNOLOGY฀EVALUATION฀METHODS

-ETHODS

-
AT

ER
IA

L฀
AB

SO
RB

AN
CE

%N
ER

GY
฀฀

AB
SO

RB
AN

CE

#
AL

CU
LA

TI
ON

OF
฀C

OS
T฀

฀
PR

OD
UC

TI
ON

฀

#
LE

AN
ER

฀฀
PR

OD
UC

TI
ON

#
UM

UL
AT

IV
E฀

AC
CO

UN
T

3C
HA

LT
EG

GE
R

฀A
ND

฀3
TU

RM

)M
PL

EM
EN

TA



TI
ON

฀O
PT

IO
N

&U
ZZ

Y฀
LO

GI
C

"

!

4

,

#

! 1
UA

LIT
Y฀

฀
TE

CH
NO

LO
GI

CA
L

QUANTITIVE � � � � � �
QUALITIVE � � � � �
1UANTITATIVE
QUALITATIVE � � � �
TECHNICAL � � � � �
ECLOGICAL � � � � �
ECONOMICAL � � �
4ECHNICAL
ECOLOGICAL
ECONOMICS � � � � �
4ECHNICAL
ECOLOGICAL � � �
%COLOGICAL
ECONOMIC �

&IG�฀��฀(IERARCHY฀OF฀OPTIONS฀FOR฀POLLUTION฀PREVENTION฀;�=
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MENT฀IS฀STRICTLY฀INTERTWINED฀WITH฀ECONOMY฀AND฀POLITICS�฀(OW฀TO฀CON

NECT฀ELEMENTS฀OF฀ECONOMY�฀POLITICS฀AND฀ECOLOGY฀ INTO฀ONE฀CONSISTENT�฀
OPERATIONAL฀SYSTEM�฀!N฀ANSWER฀TO฀THIS฀QUESTION฀COULD฀HELP฀PROTECT฀THE฀
ENVIRONMENT฀MORE฀EFFECTIVELY฀�&IG�฀�	฀

#OMPARATIVE฀ANALYSIS฀OF฀VARIOUS฀METHODS฀FOR฀PRODUCING฀
PASTURAGE฀CALCIUM฀PHOSPHATES฀USING฀PROCESS฀ANALYSIS฀IN฀
TERMS฀OF฀ACCUMULATIVE฀ANALYSIS฀AND฀,#!฀TECHNIQUES
$IFFERENT฀ TECHNIQUES฀ FOR฀ PRODUCING฀ PASTURAGE฀ PHOSPHATES฀ USING฀

THERMAL฀ METHOD฀ AND฀ LOW
TEMPERATURE฀ ENDOTHERMIC฀ METHOD฀ �TWO฀
SEPARATE฀ INSTALLATIONS฀ IN฀ p"ONARKAq฀ #RACOW฀ AND฀ p&OSFORYq฀ 'DAÎSK	฀
WERE฀COMPARED฀;��฀��฀��=�฀
4HE฀METHOD฀OF฀PROCESS฀ANALYSIS�฀ IN฀ TERMS฀OF฀CUMULATIVE฀ANALYSIS฀

BASED฀ON฀MASS฀BALANCE฀OF฀THE฀PROCESS�฀DESCRIBES฀THE฀EMISSION฀OF฀DUST฀
AND฀GASES�฀AS฀WELL฀AS฀THE฀REMOVAL฀OF฀SEWAGE฀AND฀SOLID฀WASTE�฀%VALUATION฀
METHODS฀INTRODUCE฀THE฀FOLLOWING฀TERMS฀;��฀��=�

฀฀ ACCUMULATED฀RISK฀�:3	�฀THE฀SUM฀OF฀EMISSIONS฀�%	฀OR฀DISCHARGES฀�/	฀
OF฀A฀GIVEN฀SUBSTANCE฀WITHIN฀STEPS฀OF฀THE฀PROCESS฀�F฀�฀�฀b฀N	�฀

��	


฀฀ ACCUMULATED฀RISK฀FACTOR฀�73	฀AS฀QUOTIENT฀OF฀ACCUMULATED฀RISK฀�:3	฀
AND฀PRODUCTION฀SIZE฀�0	�฀
฀

��	


฀฀ ACCUMULATED฀RISK฀FACTOR฀INCLUDING฀TOXICITY฀FACTOR฀�+	�฀
฀
��	


฀฀ THE฀SUM฀OF฀THESE฀FACTORS฀s฀GLOBAL฀ACCUMULATED฀RISK฀FACTOR฀�'73	�

��	


฀฀ RELATIVE฀ENVIRONMENTAL฀RISK฀FACTOR฀�7::	�฀COMPARING฀'730฀OF฀THE฀
INITIAL฀PROCESS฀AND฀OF฀THE฀MODIFIED฀PROCESS�'73.	�
฀

��	

#OMPARING฀TECHNIQUES฀FOR฀PASTURAGE฀PHOSPHATE฀PRODUCTION฀USING฀
THIS฀METHOD฀HAS฀SHOWN�฀THAT฀7::฀OF฀THE฀LOW
TEMPERATURE฀ENDOTHER

MIC฀PROCESS฀�$#0฀p"ONARKAq	฀IS฀������฀LOWER฀COMPARED฀TO฀THAT฀OF฀
THE฀THERMAL฀PROCESS฀�$&0฀p"ONARKAq	฀;��=�฀
%COLOGICAL฀ ,IFE฀#YCLE฀!SSESSMENT฀ IS฀ A฀ TECHNIQUE�฀ THROUGH฀WHICH฀

A฀GIVEN฀PROCESS฀OR฀ARTICLE฀CAN฀BE฀ANALYSED฀DURING฀ ITS฀ENTIRE฀ LIFE฀CYCLE฀

฀pFROM฀CRADLE฀TO฀THE฀GRAVEq฀SO฀TO฀SPEAK�฀WHICH฀MEANS฀FROM฀RESOURCE฀
EXTRACTION�฀THROUGH฀PRODUCTION�฀USE฀UP฀TO฀THE฀POINT฀OF฀SPENT฀PRODUCT฀
DISPOSAL฀ �&IG�฀�	�฀,#!฀TAKES฀ INTO฀ACCOUNT฀ THE฀RESPONSIBILITIES฀AND฀ IN

FLUENCE฀OF฀MANUFACTURER฀s฀ON฀ THE฀ LOCAL�฀ REGIONAL฀ AND฀GLOBAL฀ LEVEL฀ ;��฀
��
��=�฀
,#!฀MAY฀BE฀USED฀TO฀EVALUATE฀THE฀OVERALL฀ENVIRONMENTAL฀IMPACT฀OF฀

A฀PRODUCT�฀OR฀FOR฀DESIGNED฀ALTERNATIVES฀;��=�฀,#!฀THEREFORE฀ALLOWS฀FOR฀
CHOOSING฀A฀DESIGN฀ALTERNATIVE฀OR฀APPROPRIATE฀COMPONENTS�MATERIALS฀;��=�฀

,#!฀ALSO฀SIMPLIFIES฀FINDING฀THE฀MOST฀IMPORTANT฀PROCESS฀ELEMENTS฀INFLU

ENCING฀ THE฀ENVIRONMENT�฀4HEREFORE฀SET฀OF฀PRIMARY฀OBJECTIVES�฀ TO฀BE฀
FULFILLED฀FIRST�฀CAN฀BE฀ESTABLISHED�฀
!NALYSING฀BAR฀CHARTS฀�&IG�฀�฀AND฀�	฀;��=฀IT฀CAN฀BE฀CONCLUDED�฀THAT฀THE฀

BEST฀METHOD฀�ACCORDING฀TO฀SUCH฀AN฀ANALYTICAL฀METHOD	฀IS฀THE฀LOW฀TEM

PERATURE฀ENDOTHERMIC฀METHOD฀USED฀ IN฀ p&OSFORYq�฀'DAÎSK�฀ )T฀ SEEMS฀
PUZZLING�฀THAT฀THE฀MORE฀RECENT฀PRODUCTION฀METHOD฀OF฀$#0฀p"ONARKAq฀
OBTAINS฀RESULTS฀WORSE฀THAN฀THE฀OLDER฀METHOD฀�$&0฀p"ONARKAq	฀EVEN฀
MORE฀SURPRISINGLY�฀THE฀$#0฀WAS฀BUILT฀BASED฀ON฀AND฀UPDATED฀$&0฀IN

STALLATION�฀4HIS฀STEMS฀FROM฀THE฀FACT�฀THAT฀THE฀,#!฀METHOD฀;���฀�=฀TAKES฀
INTO฀ACCOUNT฀RESOURCE฀CONSUMPTION฀MUCH฀MORE฀THAN฀ IT฀DOES฀ENERGY฀
CONSUMPTION�

%COLOGICAL฀PROCESS฀EVALUATION฀USING฀3CHALTEGGER�3TURM฀METHOD
4HIS฀METHOD฀HAS฀BEEN฀DEVELOPED฀BY฀THE฀3WISS฀CORPORATION฀#IBA


'EIGY฀;�=�฀4HE฀BASIS฀OF฀EVALUATION฀IS฀THE฀ALLOWABLE฀SUBSTANCE฀CONCENTRA

TION�฀#ALCULATION฀METHODS฀ARE฀AS฀FOLLOWS�

฀฀ THE฀CONCENTRATION฀OF฀A฀GIVE฀SUBSTANCE฀EXPRESSED฀IN฀MG�MOL฀OF฀GIVEN฀
ENVIRONMENTAL฀MEDIUM�฀WHICH฀ALLOWS฀DATA฀COMPARISON�


฀฀ CARBON฀DIOXIDE฀IS฀A฀REFERENCE฀POINT�฀WHILE฀THE฀CALCULATED฀ENVIRON

MENTAL฀IMPACT฀FACTOR฀DETERMINES฀THE฀MULTIPLIER�฀BY฀WHICH฀A฀GIVEN฀
SUBSTANCE฀IS฀MORE฀DANGEROUS฀TO฀THE฀ENVIRONMENT฀THAN฀#/��฀
4HE฀ ENVIRONMENTAL฀ IMPACT฀ FACTOR฀ IS฀ EXPRESSED฀ USING฀ %)5�KG฀ OF฀

SUBSTANCE�฀WHERE฀ %)5฀ �%NVIRONMENTAL฀ )MPACT฀ 5NIT	�฀ IS฀ UNIT฀ INFLUENCE฀

&IG�฀��฀&EEDBACK฀LOOPS฀WITHIN฀THE฀SOCIETY฀BETWEEN฀POLITICS�฀ECONOMY฀
AND฀THE฀ENVIRONMENT &IG�฀��฀&IGURATIVE฀REPRESENTATION฀OF฀,#!

&IG�฀��฀#OMPARISON฀BETWEEN฀THREE฀PROCESSES฀OF฀PHOSPHATE฀PRODUCTION฀
�RISK฀ASSESSMENT฀DEPENDING฀ON฀AREA฀OF฀INFLUENCE	

&IG�฀��฀#OMPARISON฀BETWEEN฀THREE฀PROCESSES฀OF฀PHOSPHATE฀PRODUCTION฀
�RISK฀ASSESSMENT฀DEPENDING฀ON฀CATEGORIES฀OF฀INFLUENCE	
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OF฀NATURAL฀ENVIRONMENT�฀4HE฀CALCULATED฀%)5฀FACTOR฀IS฀MULTIPLIED฀BY฀THE฀
SIZE฀OF฀THE฀LOAD฀OF฀GIVEN฀POLLUTANT�฀)NDIVIDUALLY฀CALCULATED฀ENVIRONMEN

TAL฀INFLUENCES฀PRODUCED฀IN฀THE฀ANALYSED฀PROCESS฀ARE฀SUMMED฀UP�฀4HE฀
3CHALTEGGER�3TURM฀METHOD฀IS฀PRACTICAL�฀IT฀CAN฀BE฀USED฀TO฀OPERATE฀ON฀A฀
LARGE฀NUMBER฀OF฀FACTORS฀AND฀ALLOWS฀FOR฀SUMMARIES฀OF฀RESULTS฀OF฀MULTIPLE฀
EVALUATIONS�฀/NE฀DRAWBACK฀ TO฀ THE฀METHOD฀ IS�฀HOWEVER�฀ THE฀BASIS฀ IN฀
ALLOWABLE฀SUBSTANCE฀CONCENTRATION�฀DUE฀TO฀THE฀FACT�฀THAT฀THIS฀CRITERION฀
HAS฀A฀QUALITATIVE฀CHARACTER฀AND฀MAY฀BE฀SOMETIMES฀SUBJECT฀TO฀INFLUENCE฀
FROM฀SOCIAL฀FACTORS�

-ETHODS฀FOR฀EVALUATING฀MANUFACTURE฀฀
PROCESS฀MODERNISATION

-ETHODS฀OF฀EVALUATION฀OF฀ECOLOGICAL฀AND฀ECONOMIC฀EFFECTS฀OF฀MODE

RNISATION฀OPTIONS฀FOR฀TECHNICAL฀PROCESSES฀;��฀��฀��=�฀OR฀NEW฀MANUFAC

TURE฀METHODS฀CONTAIN฀A฀NUMBER฀OF฀STEPS�฀4HEY฀CONTAIN฀SPECIFICALLY�

฀฀ ASSESSMENT฀OF฀TOPICS฀AND฀FIELD฀OF฀ACTION฀AND฀ASSEMBLING฀A฀PROBLEM฀
GROUP�


฀฀ ASSESSING฀IMPLEMENTABLE฀OPTIONS�฀THEIR฀DESCRIPTION฀AND฀EVALUATION�฀
0ROBLEM฀ GROUPS฀ MAY฀ INCLUDE฀ UP฀ TO฀ SEVERAL฀ PEOPLE�฀ 4HE฀ SET฀ OF฀

INFORMATION฀PRESENTED฀TO฀PROBLEM฀GROUPS฀BEFORE฀THEY฀START฀SEARCHING฀
FOR฀SOLUTIONS฀SHOULD฀INCLUDE฀OPERATING฀PROCEDURES�฀THERMODYNAMIC฀AND฀
MASS฀BALANCE�฀CHARACTERISTICS฀AND฀SIZES฀OF฀WASTE฀ FLUX�฀ SPECIFICATIONS฀OF฀
RESOURCES฀AND฀FINAL฀PRODUCT฀AS฀WELL฀AS฀ANY฀DOCUMENTS฀PERTAINING฀TO฀THE฀
PREDICTED฀PROCESS฀MODIFICATIONS฀BASED฀UPON฀ LABORATORY฀AND฀ INDUSTRIAL฀
RESEARCH฀RESULTS�฀4HE฀MAIN฀OBJECTIVE฀OF฀THE฀GROUP฀IS฀CHOOSING฀A฀METHOD฀
OF฀PROCEEDING฀FROM฀AMONG฀THE฀OPTIONS�฀7HEN฀THE฀GROUP฀AGREES฀UPON฀
THE฀FINAL฀NUMBER฀OF฀OPTIONS�฀IT฀IS฀TASKED฀WITH฀CREATING฀A฀SET฀OF฀CRITERIA฀BY฀
WHICH฀THE฀OPTIONS฀ARE฀EVALUATED฀AND฀COMPARED�฀/FTEN฀SUCH฀AN฀ASSESS

MENT฀IS฀ENRICHED฀WITH฀SPECIFIC฀CRITERIA�฀ATTUNED฀TO฀A฀GIVEN฀INDUSTRIAL฀SITE�
฀

%VALUATION฀OF฀BEST฀AVAILABLE฀4ECHNOLOGIES฀�"!4	฀FOR฀
REUSING฀FLOTATION฀TAILINGS฀OF฀ZINC฀AND฀LEAD฀ORE฀PROCESSING฀
FOR฀PRODUCING฀OPTIMAL฀FILLING฀MIXTURES�
"EST฀!VAILABLE฀4ECHNOLOGIES฀�"!4	฀ARE฀SOLUTIONS฀ENSURING฀MINIMUM฀

RISK฀FOR฀THE฀NATURAL฀ENVIRONMENT฀AND฀SIMULTANEOUS฀COST
EFFECTIVENESS฀OF฀
PRODUCTION�฀"!4฀INCLUDE฀MANUFACTURE฀TECHNIQUES฀AS฀WELL฀AS฀ENVIRON

MENTAL฀PROTECTION฀TECHNIQUES�฀4HE฀TERM฀OF฀"!4�฀NOT฀ENTAILING฀EXCESSIVE฀
COSTS฀�"!4.%%#	฀HAS฀ALSO฀BEEN฀INTRODUCED฀;���฀��=�
0ROPOSITIONS฀ ARE฀ LISTED฀ CONCERNING฀ CRITERIA฀ AND฀METHODS฀ OF฀ "!4฀

EVALUATION฀FOR฀NEW฀TECHNOLOGICAL฀AND฀APPARATUS฀SOLUTIONS�฀CONCERNED฀
WITH฀ THE฀ DEVELOPMENT฀ AND฀ IMPLEMENTATION฀ FOR฀ A฀ SELF
SETTING฀ FILLING฀
MIXTURE�฀PRODUCED฀FROM฀FLOTATION฀TAILINGS฀OF฀ZINC฀AND฀LEAD฀ORE฀ENRICH

MENT฀PROCESSES฀CARRIED฀OUT฀IN฀:'฀4RZEBIONKA฀;�����=�฀!SSESSMENT฀OF฀
TECHNICAL�฀ECOLOGICAL฀AND฀ECONOMIC฀EFFECTIVENESS฀OF฀THESE฀SOLUTIONS฀HAS฀
BECOME฀THE฀BASE฀OF฀CHOOSING฀THE฀BEST฀AVAILABLE฀TECHNOLOGY฀OF฀REUSING฀
FLOTATION฀ TAILINGS฀ �4ABLE฀�	�฀ &OR฀ THE฀ SAKE฀OF฀ COMPARISON�฀ THE฀ CURRENT฀

FILLING฀TECHNOLOGY�฀USING฀SAND฀FILLINGS�฀WAS฀EVALUATED฀USING฀THE฀SAME฀SET฀
OF฀CRITERIA�
)NDIVIDUAL฀CRITERIA฀DESCRIBING฀SOLUTION฀LEVEL฀WERE฀EVALUATED฀USING฀A฀

FOUR
STAGE฀SCALE�฀AS฀LEVEL�฀�฀s฀ZERO�฀�฀s฀LOW�฀�฀s฀MEDIUM�฀�฀s฀HIGH�฀4HE฀
ARITHMETICAL฀AVERAGE฀OF฀POINTS฀AWARDED฀FOR฀INDIVIDUAL฀CRITERIA฀AMOUNT

ED฀ CORRESPONDINGLY฀ TO฀ PARTIAL฀ TECHNICAL�฀ ECOLOGICAL฀ AND฀ ECONOMICAL฀
MARKS�
4HE฀EVALUATION฀OF฀INDIVIDUAL฀SOLUTIONS฀USING฀THE฀METHOD฀OF฀COMPLEX฀

QUALITY�฀WHICH฀INCLUDES฀N฀QUALITATIVE฀PROPERTIES�฀WHERE฀N฀MAY฀BE฀ANY฀
NUMBER�฀#OMPLEX฀QUALITY฀IS฀THEREFORE฀A฀FUNCTION฀OF฀QUALITATIVE฀CHARAC

TERISTICSo฀VARIABLES�

��	

4HE฀ARITHMETICAL฀AVERAGE฀OF฀MARKS฀�TECHNICAL�฀ECOLOGICAL฀AND฀ECO

NOMICAL	฀RESULTED฀IN฀THE฀AVERAGE฀MARK฀OF฀A฀SPECIFIC฀TECHNOLOGICAL฀APPA

RATUS฀SOLUTION฀�"!4	�฀4HE฀FINAL฀MARK฀WAS฀EVALUATED฀BY฀COMPLEX฀QUALITY฀
METHOD฀USING฀THE฀EQUATION�

��	

!VERAGE฀RESULTS฀FOR฀TECHNICAL฀GRADE฀OF฀NEW฀TECHNOLOGICAL฀APPARATUS฀
SOLUTIONS฀ANALYSED฀LARGELY฀EXCEEDED฀THE฀BOUNDARY฀MARK฀OF฀���฀PT�฀4HE฀
LOWEST฀MARK฀OBTAINED฀AMOUNTED฀TO฀���฀PT�฀WHILE฀THE฀HIGHEST฀REACHED฀
���PTS�฀!VERAGE฀RESULTS฀FOR฀ECOLOGICAL฀EVALUATIONS฀RANGED฀FROM฀���฀PT฀
TO฀���฀PT�฀4HE฀ECONOMICAL฀EVALUATION฀MARKS฀RANGED฀BETWEEN฀���฀AND฀
���฀PT�฀
4HE฀CUMULATIVE฀MARK฀IS฀ALSO฀LARGELY฀SATISFYING�฀)NDIVIDUAL฀SOLUTIONS฀

WERE฀MARKED฀IN฀RANGE฀OF฀���฀TO฀���฀PT�฀4HUS฀THE฀TECHNICAL�฀ECOLOGICAL฀
AND฀ECONOMIC฀APPLICABILITY฀OF฀ THE฀NEW฀PROPOSED฀SOLUTIONS฀WAS฀CON

FIRMED�฀

-ETHODS฀FOR฀EVALUATING฀TECHNOLOGICAL฀QUALITY
)NDICATORS฀OF฀ECOLOGICAL฀AND฀ECONOMIC฀MANUFACTURE฀METHODS฀MAY฀

BE฀THE฀BASE฀OF฀COMPREHENSIVE฀EVALUATION฀OF฀MANUFACTURE฀METHODS฀AS

SESSED฀USING฀ THE฀ TECHNOLOGICAL฀QUALITY฀METHODS�฀ )N฀ A฀ COMPREHENSIVE฀
EVALUATION฀OF฀DEVELOPMENT฀FOR฀A฀GIVEN฀TECHNOLOGY�฀GLOBAL฀INDICATORS฀OF฀
CUMULATIVE฀RISK฀ARE฀TAKEN฀INTO฀ACCOUNT฀
฀1%$�฀�ECOLOGICAL฀QUALITY฀INDICA

TOR	�฀PRODUCTION฀COSTS฀
฀1+�฀ENERGY฀CONSUMPTION฀
฀1%�฀MATERIAL฀CON

SUMPTION฀
฀1-�฀PARTIAL฀TECHNOLOGICAL฀QUALITY฀INDICATOR฀s฀1*�
#ALCULATING฀ THE฀ TECHNOLOGICAL฀QUALITY฀ INDICATOR฀ ;�Ô����=฀ INCLUDES฀

ADDING฀UP฀MENTIONED฀PARTIAL฀INDICATORS฀ACCORDING฀TO฀EQUATION�
฀��	

)NDIVIDUAL฀PARTIAL฀INDICATORS฀ARE฀CALCULATED฀USING฀EQUATION�
฀��	

7HERE�฀1*฀s฀ PARTIAL฀ INDICATOR฀ OF฀ TECHNOLOGICAL฀ QUALITY�฀&฀ s฀ ABSO

LUTE฀VALUE฀OF฀ANALYSED฀INDICATORS�฀7C฀s฀VALUE฀CRITERION�฀!I฀s฀IMPORTANCE฀
GRADE�฀ 6ALUE฀ GRADES฀ �7J	�฀ IMPORTANCE฀ GRADES฀ �!I	฀ AND฀ VALUE฀ CRITERIA฀
�7C	฀ARE฀DETERMINED฀SUBJECTIVELY฀�EXPERT฀ANALYSIS	�

4ABLE฀�

฀ ฀&INAL฀฀EVALUATION฀OF฀TECHNOLOGICAL฀APPARATUS฀"EST฀!VAILABLE฀4ECHNOLOGIES฀IN฀USING฀SELF
฀SETTING฀FILLINGS฀IN฀:'฀4RZEBIONKA

,P�
0ROPOSED฀SOLUTION฀฀

OF฀TECHNOLOGICAL฀APPARATUS฀

4OTAL฀SCORE฀OF฀PROPOSED฀SOLUTION�฀POINTS

4ECHNICAL฀REALITY
%NVIRONMENTAL฀

EFFICIENCY
%CONOMIC฀EFFICIENCY !VERAGE

1EV

4HE฀POSSIBILITY฀OF฀฀
BETTER฀SOLUTIONS

!� 7� A�฀7� A� 7� A�฀7� A� 7� A�฀7�

�
0RODUCTION฀OF฀฀฀SELF
SETTING฀FILLINGS฀฀MIXTURE฀฀USING฀
ADHESIVES฀SILICA

� ��� ��� � ��� ��� � ��� ��� ��� �

�
0RODUCTION฀OF฀฀฀SELF
SETTING฀FILLINGS฀฀MIXTURE฀฀USING฀
CEMENT฀

� ��� ��� � ��� ��� � ��� ��� ��� �

�
0RODUCTION฀OF฀฀฀SELF
SETTING฀FILLINGS฀฀MIXTURE฀฀USING฀
VOLATILE฀ASH฀FROM฀THERMAL
ELECTRIC฀POWER฀STATION

� ��� ��� � ��� ��� � ��� ��� ��� �

�
0RODUCTION฀OF฀฀฀SELF
SETTING฀FILLINGS฀฀MIXTURE฀฀USING฀
MODIFIED฀ASH

� ��� ��� � ��� ��� � ��� ��� ��� �

�
0RODUCTION฀OF฀฀฀SELF
SETTING฀FILLINGS฀฀MIXTURE฀USING฀
GELLING฀AGENT

� ��� ��� � ��� ��� � ��� � ��� �

� %XISTING฀TECHNOLOGY฀USING฀SLUSHING฀FILLING฀ � ��� ��� � ��� ��� � ��� ��� ��� �
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)N฀ A฀ COMPREHENSIVE฀ EVALUATION฀ OF฀ THE฀ LEVEL฀ OF฀ TECHNOLOGICAL฀ AD

VANCEMENT฀OF฀3ODIUM฀#HROMATE฀PRODUCTION฀�4ABLES฀���	฀;��=฀INCLUDED฀
GLOBAL฀CUMULATIVE฀RISK฀INDICATORS฀�1%$	�฀PRODUCTION฀COSTS฀�1+	�฀ENERGY฀
CONSUMPTION฀ �1%	�฀ MATERIAL฀ CONSUMPTION฀ �1-	�฀ LABOUR฀ CONSUMPTION฀
�10	฀AND฀NOISE฀EMISSION฀LEVEL฀�1(O	�
4HE฀ ANALYSIS฀OF฀ ECOLOGICAL฀ AND฀ECONOMIC฀EFFECTS฀OF฀ TECHNICAL฀ AP


PARATUS฀MODERNISATION฀IN฀THE฀MANUFACTURE฀PROCESSES฀OF฀SODIUM฀CHRO

MATE฀ �ESPECIALLY฀ THE฀ INTRODUCTION฀ OF฀ CHROME฀WASTE฀ RECYCLING	฀ USING฀
THE฀ METHOD฀ OF฀ TECHNOLOGICAL฀ QUALITY฀ EVALUATION฀ ;���฀ ��=฀ CONFIRMS฀ A฀
SUBSTANTIAL฀REDUCTION฀IN฀ENVIRONMENTAL฀RISK฀CAUSED฀BY฀THE฀PROCESS�฀AS฀
WELL฀ AS฀ A฀ SUBSTANTIAL฀ PRODUCTION฀ COST฀ REDUCTION�฀ )NTRODUCING฀ THE฀!�฀
VARIANT฀�SODIUM฀CHROMATE฀PRODUCTION฀WITH฀RECYCLING฀CHROMIC฀WASTE	฀
ALLOWED฀THE฀INCREASE฀IN฀TECHNOLOGICAL฀QUALITY฀BY฀�����฀COMPARED฀TO฀
THE฀STANDARD฀DOLOMITE฀METHOD�฀)NDICATORS฀OF฀TECHNICAL฀QUALITY฀IMPROVE

MENTS฀FOR฀OTHER฀VARIANTS฀RANGED฀FROM฀���฀TO฀������฀%FFECTS฀OF฀THIS฀
MAGNITUDE฀RESULT฀FROM฀A฀COMPLETE฀CHANGE฀OF฀PRODUCTION฀STRUCTURE฀FOR฀
3ODIUM฀#HROMATE฀AND฀USING฀THE฀MOST฀UP
TO
DATE฀TECHNOLOGICAL฀APPA

RATUS฀SOLUTIONS฀IN฀FUTURE฀VARIANTS�฀AS฀WELL฀AS฀THE฀LOW฀LEVEL฀FOR฀THE฀CLASSICAL฀
DOLOMITE฀METHOD�฀7HEN฀FURTHER฀VARIANTS฀ARE฀EVALUATED�฀THE฀DIFFERENCES฀
BECOME฀LESS฀DRASTIC�฀ALTHOUGH฀REMAIN฀ON฀A฀SIGNIFICANT฀LEVEL฀OF฀INCREASE฀
IN฀TECHNOLOGICAL฀QUALITY
FROM฀A฀FEW฀UP฀TO฀SEVERAL฀PERCENT�

3UMMARY
)N฀THE฀COURSE฀OF฀EVALUATING฀A฀GIVEN฀TECHNOLOGY�฀ IT฀ IS฀ IMPORTANT฀TO฀

CHOOSE฀ APPROPRIATE฀ EVALUATION฀METHODS฀ OF฀ TECHNICAL�฀ ECOLOGICAL฀ AND฀
ECONOMIC฀ CHARACTERISTICS฀ OF฀MANUFACTURE฀ PROCESSES�฀ %VALUATION฀ME

THODS฀MAY฀BE฀OF฀QUANTITATIVE�฀QUALITATIVE฀OR฀MIXED฀CHARACTER�฀AND฀THE฀

4ABLE฀�

#OMPREHENSIVE฀EVALUATION฀OF฀TECHNOLOGICAL฀QUALITY฀OF฀3ODIUM฀#HROMATE฀PRODUCTION฀VARIANTS�฀,ISTING฀OF฀PARTIAL฀INDICATORS

4ECHNOLOGY฀QUALITY฀RATING
3ODIUM฀#HROMATE฀PRODUCTION฀VARIANTS฀INDICATOR฀�&	

$OLOMITE฀
METHODS

7ARIANT

!� !� !� "� "�

'LOBAL฀RISK฀INDICATOR฀ACCUMULATED฀'73 �������� ������� 
������ 
������� 
������� 
�������

4HE฀NET฀COST�฀0,.�T ������� ������� ������� ������� ������� �������

%NERGY฀CONSUMPTION�฀'*�T ����� ����� ����� ����� ����� �����

-ATERIAL฀CONSUMPTION�฀KG�T ������ ������ ������ ������ ����� �����

,ABOUR฀CONSUMPTION�฀M
H�T �� �� �� �� �� ��

.OISE�฀� ��� �� �� �� �� ��

4ABLE฀�฀

#OMPREHENSIVE฀EVALUATION฀OF฀TECHNOLOGICAL฀QUALITY฀OF฀DIFFERENT฀VARIANTS฀OF฀3ODIUM฀#HROMATE฀PRODUCTION�฀4ECHNOLOGICAL฀QUALITY฀CALCULATION

0ARTIAL฀TECHNOLOGICAL฀฀
QUALITY฀INDICATOR฀1*

!SSESMENT฀OF฀QUALITY฀TECHNOLOGY 1UALITY฀TECHNOLOGICAL�฀POINTS฀฀฀1T�&�7C
!I

6ALUE฀฀
INDICATOR

2ANGE฀OF฀
VALUE

)MPORTANCE฀
GRADE $OLOMITE฀

METHODS

.EW฀METHODS
VARIANT

!� !� !� "� "�
7C฀��POINTS�	 7I�฀POINTS !I

'LOBAL฀RISK฀INDICATOR฀ACCUMULATED฀'73 ��� �
��� � ����� ����� 
��� 
���� 
����� 
�����

4HE฀NET฀COST�฀0,.�T ���� �
��� � ����� ����� ����� ����� ����� �����

%NERGY฀CONSUMPTION�฀'*�T ��� �
��� � ����� ����� ����� ����� ����� �����

-ATERIAL฀CONSUMPTION�฀KG�T ���� �
��� ��� ����� ���� ���� ���� ���� ����

,ABOUR฀CONSUMPTION�฀M
H�T ��� �
��� � ����� ���� ���� ���� ���� ����

.OISE�฀� ��� �
��� � ����� ���� ���� ���� ���� ����

4ECHNOLOGY฀QUALITY฀RATING�฀POINTS ������ ����� ����� ����� ����� �����

�฀IN฀RELATION฀TO฀DOLOMITE฀METHODS ����� ���� ���� ���� ���� ����

EVALUATIONS฀MAY฀BE฀PARTIAL฀OR฀COMPREHENSIBLE�฀4HE฀DIVERSITY฀OF฀SUCH฀
METHODS฀ALLOWS�฀ON฀ONE฀HAND�฀A฀MULTILATERAL฀ASSESSMENT฀OF฀MANUFAC

TURE฀PROCESSES�฀WHILE฀ON฀THE฀OTHER฀HAND฀THE฀CHOICE฀OF฀EVALUATION฀METH

ODS฀MAY฀INFLUENCE฀THE฀VALIDITY฀OF฀RESULTS฀OBTAINED�

2EFERENCES
��฀ 7ENZEL฀(��฀(AUSCHILD฀-�฀!LTING฀,��฀%NVIRONMENTAL฀!SSESSMENT฀OF฀0RODUCTS�฀

-ETHODOLOGY�฀ TOOLS฀ AND฀ CASE฀ STUDIES฀ IN฀ PRODUCT฀ DEVELOPMENT�฀#HAPMAN฀

AND฀(ALL฀�����฀6OL���

��฀ 'OLLINGER฀-��฀-ETHODS฀OF฀ECOLOGICAL฀AND฀ECONOMIC฀EVALUATION฀FOR฀TECHNOLOGICAL฀

PROCESS฀MODERNISATION฀BASED฀ON฀STUDIES฀CONCERNING฀COMPOUNDS฀OF฀#HROME฀AND฀

0HOSPHORUS฀PRODUCTION�฀7YD�฀!%฀+RAKÐW฀�����

��฀ +OWALSKI฀ :��฀ #LEANER฀ PRODUCTION฀ AS฀ AN฀ ENVIRONMENTAL฀ PROTECTION฀ STRATEGY�฀

#OMMITEE฀OF฀)NDUSTRIAL฀%NGINEERING฀OF฀0OLISH฀!CADEMY฀OF฀3CIENCES฀�฀"ULLETIN฀

NR฀��฀�����

��฀ +OWALSKI฀:��฀4ECHNOLOGIES฀OF฀CHROME฀COMPOUNDS�฀7YDAWNICTWO฀0OLITECHNIKI฀

+RAKOWSKIEJ�฀+RAKÐW฀�����

��฀ "ARBIROLI฀'��฀2AGGI฀!��฀!฀METHOD฀FOR฀EVALUATING฀THE฀OVERALL฀TECHNICAL฀AND฀ECONO


MIC฀PERFORMANCE฀OF฀ENVIRONMENTAL฀INNOVATIONS฀IN฀PRODUCTION฀CYCLES�฀*�฀#LEANER฀

0ROD�฀�����฀���฀���
����

��฀ +OWALSKI฀:��฀'OLLINGER฀-��฀%NVIRONMENTAL฀EVALUATION฀OF฀DIFFERENT฀VARIANTS฀OF฀THE฀

CHROMIUM฀COMPOUND฀PRODUCTION฀MODEL฀USING฀CHROMIC฀WASTE�฀7ASTE฀-ANAGE


MENT฀�����฀���฀���
����

��฀ "RENT฀!�#��฀6ISSAR฀*�+��฀!N฀ENVIRONMENTAL฀PERFORMANCE฀RESOURCE฀IMPACT฀INDICA


TOR฀FOR฀LIFE฀CYCLE฀MANAGEMENT฀IN฀THE฀MANUFACTURING฀INDUSTRY�฀*�฀#LEANER฀0ROD�฀

�����฀���฀���
����
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RIANTS฀OF฀3ODIUM฀#HROMATE฀PRODUCTION฀IN฀0OLAND�฀*�฀#LEANER฀0ROD�฀�����฀���฀

��
���฀

���฀ 7INNIPENNY฀*�4��฀4HE฀VALUE฀OF฀ENVIRONMENT�฀-ETHODS฀OF฀VALUATION�฀07%฀7AR


SZAWA฀�����

���฀ +OWALSKI฀:��฀+ULCZYCKA฀*��฀#LEANER฀PRODUCTION฀AS฀A฀BASIC฀ELEMENT฀FOR฀THE฀SU


STAINABLE฀DEVELOPMENT฀STRATEGY�฀0OLISH฀*�฀#HEM�฀4ECHNOL�฀�����฀��฀��฀��
���

���฀ +OWALSKI฀:��฀7ZOREK฀:��฀'ORAZDA฀+��฀*ODKO฀-��฀0RZEWROCKI฀0��฀+ULCZYCKA฀

*��฀4HERMAL฀UTILISATION฀OF฀SEWAGE฀SLUDGE฀IN฀0OLAND�฀-INERALS฀�฀%NERGY฀�����฀��฀

��
���

���฀ *ANSEN฀,��฀4HE฀CHALLENGE฀OF฀SUSTAINABLE฀DEVELOPMENT�฀*�฀#LEANER฀PROD�฀�����฀

���฀���
����

���฀ !NDERSSON฀+��฀%IDE฀-�(��฀,UNDQUIST฀5��฀-ATTSSON฀"��฀4HE฀FEASIBILITY฀OF฀INCLU


DING฀SUSTAINABILITY฀IN฀,#!฀FOR฀PRODUCT฀DEVELOPMENT�฀*�฀#LEANER฀0ROD�฀�����฀��฀

���
����

���฀ +OWALSKI฀:��฀+ULCZYCKA฀*��฀3KOWRON฀'��฀3OBCZAK฀!��฀#OMPARATIVE฀EVALUATION฀

OF฀ CALCIUM฀ FEED฀PHOSPHATE฀PRODUCTION฀METHODS฀USING฀,IFE฀#YCLE฀!SSESSMENT�฀

!RCHIVES฀OF฀%NVIRONMENTAL฀0ROTECTION�฀�����฀6OL�฀���฀.O���฀��
���

���฀ +OWALSKI฀:��฀+ULCZYCKA฀*��฀'ÐRALCZYK฀-��฀%COLOGICAL฀EVALUATION฀OF฀MANUFAC


TURE฀PROCESSES฀ LIFE฀CYCLES฀�,#!	�฀7YDAWNICTWO฀.AUKOWE฀07.฀7ARSZAWA฀

�����

���฀ ,UNDIE฀ 3��฀ 0ETERS฀'�-��฀ ,IFE฀ ฀ CYCLE฀ ASSESSMENT฀ OF฀ FOOD฀ WASTE฀ MANAGEMENT฀

OPTIONS�฀*�฀#LEANER฀0ROD�฀�����฀���฀���
����
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ASSESSMENT฀FOR฀:INC฀AND฀,EAD฀ORE฀ENRICHMENT฀PROCESSES�'OSPODARKA฀3UROW
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�"!4	฀USING฀FLOTATION฀TAILINGS฀FROM฀:INC฀AND฀,EAD฀ORE฀PROCESSING฀TO฀PRODU


CE฀FILLING฀MIXTURES��฀"ALANCED฀RESOURCE฀USE฀IN฀%UROPE฀s฀RESOURCES฀FROM฀WASTE�฀
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����
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OCENY฀EKOLOGICZNEJ฀WYBRANYCH฀PROCESÐW฀TECHNOLOGICZNYCH฀W฀PRZEMYyLE฀WYDO


BYWCZYM฀ I฀PRZETWÐRCZYM฀RUD฀CYNKOWO
O�OWIOWYCH฀W฀0OLSCE�฀0RZEM�฀#HEM�฀

�����฀���฀��฀���
����
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