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ANNEX 1 - CLINKER PRODUCTION PROCESS

A.
1.

Introduction

Cement production involves the heating, calcining and sintering of a carefully
proportioned mixture of caicareous and argiiaceous materials, usually limestone
and clay, to produce cement clinker, which is then cooled and ground with additives
such as gypsum (a setting retardant) to make cement. This process typically
requires approximately 2.9 to 6.7 GJ of energy depending on the kiln technology
employed (IEA, 2007) and 1.5 to 1.7 tonnes of raw materials per tonne of clinker
produced (Szabé et al, 2003); the portion of raw material that does not become
clinker is either lost on ignition or becomes CKD (U:'Sf.i EPA, 1993). ‘Wet' processes
also use water to make the raw slurry that feeds the kilns; about 600 kg of water is
used in the manufacture of one tonne of cement ‘some of which is returned to the
environment (EA, 2005). :

Manufacturers use clinker and speCIﬂc constntuents in Varlous proportions to
produce cements that meet dtfferent physical and chemlcal requirements for
specific applications. By far the most common hydraulic cements.in use today are
either Portland cements or ‘blended’ cements (van Oss and Padovanl 2003). The
standard specifications with w___|ch Portland cements must comply are similar (albeit
not identical) in all countries and:various names are used to define the material.
Blended cements, also called compos;te cements ‘are mixtures of Portland cement
with one or more pozzoianlc additives or ‘extenders (sometlmes collectively termed
‘supplementary..cementitious matenals) ch:.as pozzolana (volcanic ashes),
certain types.of fly ash (from coal-fired powerplants), granulated blast furnace slag,
silica fume, or limestone. These materials commonly make up about 5 to 30 per
cent by weight of the total blend, but can be higher (van Oss, 2005). The
designati s_for b!end | :ments dlﬁer worldmde

Al'th ugh a variety of cement types‘are produced worldwide, cement production
fotlows essentlally the same process as described below.

Conventlonal raw materials and fuel

The raw matenals for cement must yield the oxides required for clinker in the
approximate proport:ons noted in Table 1A, with the major requirement being
calcium oxide (CaO) In practical terms this means that naturally occurring
calcareous deposits, such as limestone, marl or chalk, which consist essentially of
calcium carbonate (CaCOs), are required. Clay or shale typically provides the
remaining components. To correct for minor deficiencies in one or more oxides in
the primary raw materials, ‘corrective’ constituents® such as iron ore, bauxite or
sand, may be added to adapt the chemical composition of the raw mix to the
requirements of the process and product specifications (Taylor, 1997; Karstensen,
2007b). Generally, most, but not all, of the raw materials are mined adjacent to or
within a few miles of the cement plant.

1

Sometimes called “accessory” or 'swestener’ materials (van Oss, 2005).

27| Page



Table 1A - Chemical composition of ordinary Portland cement clinker and
conventional raw materials

Constituent Clinker |Limestone, Clay Sand |lIron ore | Bauxite
lime marl,
chalk
Si0, 19.71- | 05-50% | 33-78% | 80-99% | 4-11% | 2.9%
24.25%
ALO;  |3.76-6.78% | 0.1-20% | 7-30% | 0.5-7%
TiO, 0.21-0.52% | 0.0-0.7% |0.2-1.8% | 0.0-0.5%
AL,0; + TiO; 7:30% | 0.52% | 0.2-3% | 57.5%
FeOs | 1.20-464% | 0.2-59% | 4.0-15% | 0.0-4%
MnO; | 0.03-0.68% | 0.02-0.15% | 0.09% | 0.051%
Fe;03 + Mn0; 0.1-10% | 2-15% | 0.5-2% |19:95% | 22.8%
Cca0 63.76- | 20-55% | 0.2-25% | 0.1-3% |0.1-34% | 2.4%
7014% |
MgO  [0.00-451% | 02:6% | 0.35% [0.3-0.5% | <1.5% | 0.04%
KO  |031-1.76%| 0-35% | 0.4-5% | 0.2-3% | Traces | 0.04%
| 0.0-1.5% |0.1-1.5% | 0.0-1% | Traces | 0.02%
__ 1 00-06% 10.0-1% | Traces
T P0s  |0020.27%| 00-0.8% |0.0-1.0% [ 0.0-0.1%
Losson | 0.00-1.56% | 2-44% | 1-20% | <5 |0.1-30% | 13.5%
ignition - o
(COz+H0) |

Sources: EIPPCB (2010) and CEMBUREAU (1999)

Natural forms of CaCQOj3; consist of coarser or finer crystals of calcite. Limestone is
microcrystalline CaCQj3 with clay as the main impurity. Chalk is a very fine grained,
porous marine limestone composed almost entirely of microscopic fossils. The
main constituents of shale and clay are clay minerals, finely divided quartz and,
sometimes, iron oxides. Traditionally, wet materials (chalk and clay) have been
used in ‘wet’ or ‘semi-wet’ kiln processes, and dry materials (limestone) have been
used in the ‘dry’ or ‘semi-dry’ processes (EA, 2005).
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6. Around 80-90 % of raw material for the kiln feed is limestone; clayey raw material
accounts for between 10-15 %, although the precise amounts will vary (BGS,
2005). In addition to the chemical composition of the desired product, the
proportion of each type of raw material used in a given cement kiln will depend on
the composition of the specific materials available to the operator, which is tested
on a regular basis.

7. The proportioning process takes into account the ratios of calcium, silica (SiO-),
alumina (AizO3), and iron oxide (Fe203) needed to produce good quality clinker, as
well as the ‘burnability’ of the raw mix (i.e., the requirements in terms of time,
temperature, and fuel to process the material) (U.S. EPA, 1993). In addition, kiln
operators pay close attention to the presence of ‘impurities’ in the mixture, including
magnesia, sulphur, chlorides, and oxides of potassium and sodium (referred to as
‘alkalies’). Magnesia (MgQ) can be desirable to some extent because it acts as a
flux at sintering temperatures, facilitating the burning process, however MgO levels
are carefully monitored because they can lead to the production of clinker that is
unsound if not cooled rapidly’. Alkafies can react in the: cool end of the kiln with
sulphur dioxide, chlorides, and carbon dioxide contained: |n the kiin gas and can
lead to operational problems (U.S. EPA, 1993) i

8. The raw materials used in the cement produpt_lon;.prooess naturally contain metals
and halogens. Thus, antimony,. arsenic, barium, beryllium, cadmium, chromium,
lead, mercury, nickel, selenium, silver, thallium; ‘vanadium, zinc, bromlne chlorine,
quorlne and iodine are typically: present.in the raw materials. The amounts of these
components depend on the geological formations from which the raw materials are
mined. In addition to the metals ‘and halogens present, the raw materials can
contain organic: ompounds (Mantus ©1992).+ Average values and range of
concentrations: of; these con tituents ar. presented in Table 1B.

9. Cement. productlon also “high energy requirements, which typically account for
30- 40 % of the. produc n costs (excludlng capital costs). Most cement kilns today
use coal and petroleum coke as primary.fuels, and to a lesser extent, natural gas
and: fuel oil. As well as prowdmg energy, some of these fuels, especially coal or
Ilgnlte produce S|gnlf|oant quantitles of ash similar in composition to the
argillaceous component .

10. Many plants routlnely burn more than one fuel. For example, when firing up a cold
kiln, natural gas: or fuel oil is commonly used for the slow, warm-up phase
necessary to prevent thermal overstressing of the kiln’s refractory brick lining. Once
the kiln is sufficiently hot, it will be switched over to coal and/or coke (generaily
petroleum coke) for production operations. (van Oss, 2005)

11.  Coal can contain significant quantities of sulphur, trace metals, and halogens, and
their concentrations are dependent on the area in which the coal was mined. The
typical concentration of trace elements in the primary fuels is as in Table 1C.
Sulphur (in the form of SQOj3) will vaporize in the kiln to form sulphur dioxide (SO»,),
and condense in the form of sulphates. Within the kiln, these sulphates combine

2 Such clinker used to make concrete can cause destructive expansion of hardened concrete through slow reaction
with water.

29(Page



12,

with calcium and potassium, causing operational problems in the cool end of the
kiln. Halogens are of concern because chlorides can cause operational problems
similar to those caused by sulphur. Chlorine concentrations in coal can range from
100 to 2800 parts per million. (U.S. EPA, 1993)

Both heat and electricity consumption vary significantly with kiln technology as
presented in Table 1D and, for the same general technology, plants operating
multiple kilns tend to have higher energy requirement per tonne of overall output
capacity than the plants with the same overall capacity that operate a single kiin.
Wet kilns consume more fuel on a unit basis than the dry kilns because of the need
to evaporate the water in the slurry feed and the much larger size of the wet kilns.
(van Oss, 2005). :
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Table 1B - Trace element concentrations (in parts per million) in conventional raw materials
(Min = minimum value; Max = maximum value; AV = average value; n.a. = no data available)

Iron ore

Constituent Limestone Marl Clay :_ Sand Min-Max Gypsum/anhydrite
Min-Max {AV) | Min-Max (AV} | Min-Max (AV) _MEQ-Max(AV) (AV} Min-Max ({AV)
As 0.1-15 0.2-12 2100 10442 2-1200 0.2-3.5
(3} (8) (14) 0 (11).: (37) (1.5)
Be 0.01-12 n.a.-1 1~7___:_,- 0.6-15"" 0.8-2 0.02-0.9
(0.3) (0.5) (3 {1.0) W (0.2}
ca 0.02-2 00205 | 0011 001 0.02-15 0.03-2.3
(0.2) (0.3) L (0.2) L (0.2) (6) (0.15)
o 0.1-7 n.a.-28 T8 0.3-37 109-183 0.02-3.9
{3) {5) . w20y o (1 (144) (1)
or 0.5-184 1271 e 1'5_.-?69__:-_:._;1' ,.1-220 8-1400 1-27.3
(14) “(28) (885) " (19) (495) (8.8)
cu 5-57 49:35 10-285. 1.2-85 (1520) 0.3-12.8
s, (1) S48 e {10} {7
Ha 0.008-0.1 0.01-0.5. 0.01-1 na.-1 0.00625-1.3
(0.03) L (0.2) (0.02) (0.5) 0.1)
Mn 250-3300 “'|  n.a.-3300: 'n.a.-2500 46-2040 900-1200 na,
(500) (380) (600) (194) (1090}
Ni 1.4-131 1557 7-236 1-73 5815 0.3-14.5
(18) (16).: (63) (13) (331) (5.5)
Pb 0.27-151 0.3-57 1-219(25) 0.7-70 4-8700 0.2-20.5
(18} (12) (10) (350) @
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Sb 0.2-27 n.a.-27 0.5-13 (26) 0.1-5
(1) (4) (2) 1)
Se 0.4-30 n.a. na-2.5 (8) 0.6-17
(0.6) (1) (0.5) (0.8)
Sn 0.9-24 n.a.-24 1630 |- 1840 n.a.-500 n.a.
{4) (3) {8) . {3): {25)
Te n.a. na. na. : na. n.a.-13 n.a.
(6.7) n {0.5) (0.5) _(10)
T 0.05-3 0.05-0.68 . 01-16 E 0.05-1 ‘0.1-400 0.1-1.0
(0.3) (0.6) A (05) ©.2) (2) (0.3)
v 5-80 n.a.-49 130300 2-240 10-690 1-27.8
(26) (20) L (130) (50) (256) (13.5)
7n 0.1-229 _ggpig S 2:304 2417 24-9400 1-59
(30) 7{48) (78): {(25) {3288) {19
n.a. n.a. 1-585, n.a. n.a. n.a.
Br af (5.9 .. L
50-240..7 | ina. 15-450 n.a. na. na.
clal i
Fal 100-940 na. :'5;__:_::‘:00-990 n.a. n.a. na.
ol 0.25-0.75 na. 0.2-2.2 na. n.a. n.a.
af Mantus (1992)

Source: Achiernbosch et al. (2003), unless otherwise noted.
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Table 1C - Trace element concentrations (in parts per million) in primary

fuels

(Min = minimum value; Max = maximum value; n.a. = no data available)

Constituent | AthTEcHe Bituminous Lignite Petroeum
Min-Max Min-Max Min-Max Min-Max
As 1-200 n.a. 0.1-12 0.2-0.8
Be 0-8 n.a. 0.04-0.6 0.02-0.03
cd 0.01-10 n.a. 0.06-2.4 0.04-4
Co 0.5-43 n.a. “0,5-4.2 n.a.
Cr 1-260 na. 0.9-20 0.9-104
Cu 0.30-60 na 0415 | na
Hg 0.01-3 na. |- 00107 | 001-009
Mn 535 | na. 50160 n.a.
Ni 10.6-29 24-355
Pb 1-102
Sb O..O4-2.5 n.a.
y-— n.a.
::;E_'::_.Sn na 0.5-15 n.a.
Te " na 0.1-10 n.a.
T n.a. 0.05-0.4 0.04-3.1
v n.a. 0.1-84 45-1435
Zn n.a. 1-70 16-220
Br a/ n.a. 7-11 n.a. n.a.
Cla/ n.a. 100-2800 n.a. n.a.
F.a/ n.a. 50-370 n.a. n.a.
la/ n.a. 0.8-11.2 n.a. n.a.
o Manius (1992)

Source: Achternbosch et al. {2003), unfess otherwise nofed.
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13.

14.

15.

Table 1D - Energy requirements for clinker manufacture

Process Fuel consumption, GJ/tonne
Vertical shaft kiln 3.7-6.6
Wet process 5.9-6.7
Long dry process 4.6
1 stage cyclone preheater 4.2
2 stage cyclone preheater ... 38
4 stage cyclone preheater | 3.3
4 stage preheater + precalciner = 341
5 stage preheater + precalcine,::‘..{. 30-31
6 stage preheater + precalciné:-_;_._._;_: - 29 :

Source: IEA (2007) and Szabo (2003)

Manufacturing process

Portland cement production beglns Wlth the manufacture of clinker followed by
its fine grinding with gypsum and othe additives to make the finished cement
product. Grindir site or at offsite grinding plants known as
cement mills; Clinker manufactu e ‘involves the quarrying, crushing, and
proportioning of raw materials to produce either a raw meal for the dry and
semi-dry-processes or a slurry for the wet and semi-wet processes. Once the

__mater!al is prepared _the raw mlx ;s fed into a klh‘l where it is heated as it

In the k!in the raw meal or slhsjfry in the wet process, is subjected to a thermal
treatment: process conS|sting of the consecutive steps of ‘drying/preheating’,
calcmlng and smtermg (aEso known as 'burnlng or ‘clinkering”); the various

The first drylng and preheatlng zone, occurs in a temperature range of from
<100 to 750°C. Here, residual or free water is evaporated from the raw meal
feed, the clay materials begin to decompose and the bound water is removed
so that they become dehydrated. Next is the calcining zone, where materials
temperatures range from 750 to 1000°C. The material is ‘calcined’, where the
calcium carbonate (CaCOa) in the limestone is dissociated producing calcium
oxide (CaO, lime) and fiberating carbon dioxide (CO;) gas.
Finally, in the burning zone, calcium oxide reacts with silicates, iron, and
aluminium to form dicalcium silicate, tricalcium silicate, tricalcium aluminate,
and tetracalcium aluminoferrite, denoted in shorthand as C,S, C3S, CsA, and
CsAF respectively. In addition, clinker nodules, typically 3 to 20 mm in
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diameter, are formed in a semi-solid state in the burning zone, and solidify
completely on cooling, which begins in a short cooling zone within the kiln, and
continues in a cooler, outside of the cement kiin.

Figure 1A - Diagram of ‘reaction’ zones for different kiln technologies
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16.

17.
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Source: van Oss (2005)

In: the clinker burnlng process it is. essential to maintain kiln charge

__._..temperatures in. the smtenng ZOne: between 1400 and 1500°C to convert the
‘raw meal to cllnker To reach these temperatures, flame temperatures of about

2000°C are necessary Also for reasons of clinker quality, excess air is
requwed in the smtenng zone to maintain oxidizing conditions. Otherwise, if
insufficient oxygen is present tetracalcium alumino ferrite does not form
instead Fe203 is reduced to FeO. This leads to a clinker product that produces
a quick setting cement with decreased final strength. Additionally, the presence
of unburned “carbon in the burning region produces a clinker with an
undesirable brown colour. (U.S. EPA, 2004)

The composition of the clinker, as well as the names and formulas of the
clinker components are listed in Table 1E.

To complete the production of Portland cement, the cooled clinker is ground
with a small amount of gypsum or anhydrite. Figure 1 in the main Guidelines
and Figure 1B provides a process flow diagram of the general cement
manufacturing process.
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Table 1E - Typical mineralogical composition of ordinary Portland cement
clinker

Chemical name (common Chemical Common Concentration
name) formula notation a/ range
Tricalcium silicate (‘alite’) CasSiOs CsS 50-70%
Dicalcium silicate (‘belite’) Ca,Si0y C.S 15-30%
Tricalcium aluminate CasAl,06 CsA 5-10%

(‘aluminate’)
Tetracalcium aluminoferrite Ca4AI2Fe2010 4 5-15%
(‘ferrite”) '

19.

a/ Abbreviations: C=CaQ; S=S5i0,; A=A I203, —Fezo3
Source: Taylor (1997) i

Clinker can be made either in energy—mtenswe and smaEl scale vertlcal kilns or
in more efficient, Iarger scale rotary kilns. With:the exception of vertical shaft
Kilns (VSK) still used in certain geographlcal areas (mainly China and India)
(CPCB, 2007; Héhne and Ellermann, 2008), -cement clinker is predominantly
burnt in rotary kilns. For the manufacture of cement using rotary kilns, heating
of the raw meal to produce cement. clinker can.take place in one of four
different types of arrangements the" ‘dry_, seml_fd_ry, ‘semi-wet’, or ‘wet’

' -'travellmg grate preheater prlor to the rotary kiln or in some cases, to a
long kiln' equped with internal cross preheaters.
. Semi-wet process: Raw slurry is first dewatered in filter presses. The
- resulting filter cake is ‘either extruded into pellets and fed to a travelling
‘grate preheater or fed directly to a filter cake drier for (dry) raw meal
productlon prior to a preheater/precalciner kiin.
(d) Wet process: The raw slurry is fed either directly to a long rotary kiln
equipped: with an internal drylng/preheatmg system (conventional wet
process) or"__ ‘slurry drier prior to a preheater/precalciner kiln (modern
wet process).
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Figure 1B: General overview of a cement manufacturing process
Source: CEMBUREAU (2006)
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20.

tn China, approximately 60 % of the cement was produced in 2005 in VSKs,
an amount that is expected to drop to 50 % by 2015 (Karstensen, 2006a). in
Europe, about 90 % of the cement production is from dry process kilns, a
further 7.5 % of production is accounted for by semi-dry and semi-wet process
kilns, with the remainder of European production, about 2.5 per cent, coming
from wet process kiins (EIPPCB, 2010). In the United States, no new wet kilns
have been built since 1875, and approximately 80 % of U.S. cement
production capacity now relies on the dry process technology (U.S. E P A,
2007). The wet process remains dominant in the former Soviet Union and
Australia/New Zealand and is still significant in Canada, India, Latin America
and Africa (Watson et al., 2005). Table 1F provides the share mix of kiln
technologies in each region or country in 2002,

Table 1F - Share of different kiln types in 2002

Regions, Countries " Kiln Type (% Production)
| Dry |semiDry| wet | Vertical
North America United States = | 65 2 | 33 0
Canada o7 6 .23 0
Western Europe ... 58 il 23 13 6
Eastern Former Soviet Union 12 . 3 78 7
Europe Other Eastern Europe | 54 7 39 0
Asia Japan 5 0 0 0
Australia and New Zealand 3 72 0
- China 5 0 2 93
| ‘southEastAsia | 80 9 10 1
| . RepublicofKorea - | . 93 0 7 0
~_ India T 50 9 25 16
Latin Ametica -, 67 9 23

. Africa 66 9 24 0
“Middle East 82 3 16 0

21.

Source: Baron et al. (2007)

Although VSKs are improvements over the old, chimney-type kilns in that
some VSKs allow for continuous processing, they are considered to be less
energy efficient than the rotary kilns, and VSK clinker (and hence cement) is
generally considered to be of lower quality (van Oss, 2005). Furthermore,
many VSKs plants have virtually no environmental controls in place, and the
nature of the technology precludes effective use of modern dust (and other
emission) controls. Compared with preheater/precalciner kilns, VSKs seems to
consume from 14 to 105 % more coal per tonne of clinker; fuel substitution is
however not feasible for vertical shaft kilns (Karstensen, 2006a). The raw
materials used for cement production in VSKs are exactly the same as in any
other production process; corrective materials may also be required to adjust
the chemical composition of the raw mix.
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QUALITY ASSURANCE AND.QUALITY CONTROL PROGRAM IN THE
IMPLEMENTATION OF CO-PROCESSING IN CEMENT PLANT
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ANNEX 2 — QUALITY ASSURANCE AND QUALITY CONTROL PROGRAM IN
THE IMPLEMENTATION OF CO-PROCESSING IN CEMENT PLANT

1.

A comprehensive programme for quality assurance (QA) and quality control
(QC) should be applied. The aim is to ensure that the product meets standard
specifications, plant operations are not negatively affected by the use of
hazardous wastes, environmental protection and to reduce health and safety
risks. QA is necessary for ensuring that all data and the decisions resulting
from that data are technically sound, statistically valid, and properly
documented.

A QA plan should be prepared to help ensure-_that the monitoring, sampling,
and analytical data meet specific obJectlves or precision, accuracy, and
completeness and to provide the framework for evaluating data quality. The
plan should cover waste streams and product matertais handled at the facility
with detailed instructions for the followmg :

(a) Organization and respons;bmtles,_._ ,

(b) QA objectives for data measurement. of preCISlon accuracy, compieteness
representativeness, and comparablllty, e

¢) Sampling procedures; _ .

d) Sample handling and cus__o y,-_;__ }

e

f

) Analytical procedures; £
) QC checks (blanks, spikes, repllcates ‘etc.) and frequency;
g) Instrument/equipment testing;. |nspect10 .or. maintenance;
h) lnstrumentlequment calibration cedures and frequency;
i) Data rev:ew verlflcatlon valadatlon nd reporting.

(
(
(
(
(
(
(

Adequate Iaboratory design;: mfrastructure equipment, and instrumentation
should be - prowded and maintained to:ensure that all required analysis are

-";_comp!eted in-a: timely. manner. Periodic tests of the laboratory should be

con3|dered to evaiuate and i |mprove performance.

Safety and health should be taken into consideration when conducting
sampling.. Empioyees carrying out sampling require training for the hazards
associated . with waste, handling procedures, protective clothing and
equipment. Those. involved in sampling activities should be fully aware of
applicable QA/QC procedures

BAT for waste quality control in cement manufacturing processes is outlined by
the EIPPCB (2010):

(a) To apply QA systems to guarantee the characteristics of wastes and to
analyse any waste that is to be used as raw material and/or fuel in a
cement kiln for: maintenance of quality over time; physical criteria, for
example, emissions formation, coarseness, reactivity, burnability, calorific
value; chemical criteria, for example, chlorine, sulphur, alkali and
phosphate content and relevant metals content;
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{(b) To control the amount of relevant parameters for any waste that is to be
used as raw material and/or fuel in a cement kiln, such as chlorine, relevant
metals (for example, cadmium, mercury, thallium), sulphur, total halogen
content;

(c) To apply QA systems for each waste load.

Internal audits should be carried out with a frequency that ensures QA/QC
procedures are in use and that personnel conform to them. Independent third
party audits should be conducted at least annually or as required to determine
the effectiveness of the implemented quality system. Audit reports should be
submitted to management with requirements to correct observed deficiencies.
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ANNEX S
HEALTH AND SAF =TY ASPECTS
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ANNEX 3 — HEALTH AND SAFETY ASPECTS

1.

Heaith and safety should be a conscious priority and integrated into all aspects
of operations during hazardous waste management. Overall and specific
personnel requirements, the chain of command, and individual roles and
responsibilities, should be clearly established.

A health and safety programme should be designed to identify, evaluate, and
control safety and health hazards, and provide for emergency response for
hazardous waste operations. The content and extent of this programme should
be proportionate to the types and degrees of hazards and risks associated with
specific operations. s

Adequate documentation and information on safe hazardous waste handling,
operating procedures and contingency measures should be available. Through
openness and transparency, facility management should ensure the workforce
is fully informed about health and safety measures’ and standards. Easily
understood safety and emergency instructions shouid be provided to
employees and contractors in advance :

In the EU, the BAT mciu es the appllance of hazardous waste safety
management to the handling, storage, and the feeding of hazardous waste
materials. For example, using a risk based approach according to the source
and type of waste, for the Iabelllng, chec 'n_g, samphng and testing of waste to
be handled. (E PPCB 20'10) e .

Hazard an y__ S

Hazards:.and potentral xposures should be determined and appropriate
controls should be in: place to maintain employee health and safety. Hazards

-*requrrlng the use.of personal protective equipment (PPE) should be identified.

Assessments such as job hazard analysis (JHA), job safety analysis (JSA),
safety. analysis reports (SAR) process hazard analysis (PHA), and job, task,
and hazard analysis (JTHA) are recommended.

Access and_-_-hazard co_ntrol

To eliminate or.Eb:rit'rél worker exposure to hazards, the following should be
considered in order of preference:

(a) Engineering controls to preciude worker exposure by removing or isolating
the hazard. For example, ventilation or use of remotely operated material
handling equipment;

(b} Administrative controls to manage worker access to hazards and establish
safe working procedures. For example, security measures to prevent
unauthorized or unprotected access to hazardous wastes on-site;

(¢} PPE, when engineering or administrative controls are not feasible or do not
totally eliminate the hazard.
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10.

11.

12.

13.

These controls are designed to reduce and maintain employee exposure below
national occupational exposure limit values. If these are not available,
internationally recognized exposure levels should be considered.

Examples include: the Threshold Limit Value (TLV) occupational exposure
guidelines by the American Conference of Governmental Industrial Hygienists
(ACGIH); the Pocket Guide to Chemical Hazards by the United States National
Institute for Occupational Health and Safety (NIOSH); Permissible Exposure
Limits (PELs) by the Occupational Safety and Health Administration of the
United States (OSHA); Indicative Occupational Exposure Limit Values
(IOELVs) by European Union member states, or other similar sources.

For hazardous substances and health hazards for which there are no
permissible or applicable exposure limits; the operators could use the
published literature and material safety _d_ata sheets (MSDS) as a guide to
determine an appropriate level ofprotec n: :

Personal protective equipment

Employees, contractors and visitors to an installation should be. provided with
PPE where engineering control methods’ are__not feasible to reduce exposure to
permissible exposure hmlts};-"PF_’E should be selected to protect against any
present or potential hazard: and approprlate to: the task-specific conditions and
duration. i =

All personnel 1nv0lved in hazardous W oiperations should be fully aware of:
equipment ‘sefection and use, malnten nce and storage, decontamination and
disposal, trammg and proper fit, do nlng and doffing procedures, inspection,
in-use monltorlng pro e evaluation and equipment limitations.

Empfoyees shou!d be effectlveiy trained to a level determined by their job

function and responsmmty This should be carried out prior to them being
permltted to engaging.in hazardous waste operations that could expose them
to hazardous substances, safety, or health hazards. Training activities should
be adequately momtored and documented in terms of curriculum, duration, and
participants. -

The training should cover safety, health and other hazards present on the
facility; use of personal protective equipment; work practices to minimize risks
from hazards, safe use of engineering controis and equipment on the site;
medical surveillance, including recognition of symptoms and signs that could
indicate over exposure to hazards. Those engaged in hazardous emergency
response should also be appropriately trained.
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14.

15.

16.

17.

18.

Medical surveillance

A medical monitoring programme should be implemented to assess and
monitor employee health both prior and during employment. An effective
programme should consider the following components as a minimum:

(a) Pre-employment screening, to determine fitness-for-duty, including the
ability to work while wearing PPE, and provide baseline data for future
exposures;

(b) Periodic medical monitoring examinations (the content and frequency of
which depend on the nature of the work and exposure), to determine
biological trends that may mark early sugns of chronic adverse heaith
effects;

(c) Provisions for emergency and acute no

ergency treatments.

Emergency response

Emergency plans and procedures: should be estabhshed for the protection of
the workforce and public before hazardous ‘waste operatlons begin. An
Emergency Response Plan, ensuring approprlate measures to: handle possible
on-site emergencies and coordinate off-site:response, should be in place. As a
minimum, this plan should: address the followmg

(a) Pre- emergency ptannlng and coordlnatlon W|th outside emergency
responders; - 4 _ -
(b) Personnel: roles I;nes of authonty, training and commumcatmn procedures,
(c) Emergency recognltlon and preven._.._. n procedures
(d) Safe distances and places of refuge;
(e) Site securlty and control procedures
(
(

f): Evacuataon routes and procedures; -

Ag) Site mapplng hlghilghtmg hazardous areas, site terrain, site accessibility

- and off-site " populations or environments at potential rlsk
(h) Decontamination. procedures;

(i) Emergency medical treatment and first aid procedures;

(j) Personal protective and emergency equipment at the facility;
(k) Emergency alerting: and response procedures;

(I) Documenting and. reportlng to local authorities;

(m)Critique of response and follow-up procedures.

Emergency equipment, such as fire extinguishers, self-contained breathing
apparatus, sorbents and spill kits, and shower/eye wash stations should be
located in the immediate vicinity of hazardous waste storage and processing
areas.

The Plan procedures should be rehearsed regularly using drilis and mock
situations, and reviewed periodically in response to new or changing conditions
or information.

Arrangements should be made to familiarize local authorities and emergency
responders with the layout of the facility; properties of hazardous waste
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handled at the facility and associated hazards; places where facility personnel
would normally be working; facility entrances and possible evacuation routes.
Arrangements agreed to by local authorities, hospitals and emergency
response teams should be described in the Emergency Response Plan.
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STAKEHoLD"‘:if.;;R;” IN _.::-OLVEM ENT
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ANNEX 4 — COMMUNICATIONS AND STAKEHOLDER INVOLVEMENT

Stakeholders are those who see themselves as potentially affected by the
operations of a facility. These can be individuals and groups on a local,
national, or international scale and include neighbours, community
organizations, employees, trade unions, government agencies, the media,
non-govemmental organizations, contractors, suppliers and investors.

2, Public communication is the providing of information through media sources,
including brochures, websites, newspapers, radio and television. Stakehoider
involvement is concerned with community members and others with an interest
in the facility, through public meetings, presentations, advisory committees,
and personal approaches. Both should form part of the normal operations of a
plant. i

3. Facilities should have clear objectives for worklng with stakeholders. This
includes a realistic timescale for engagement com mlttlng necessary resources
and a willingness to find mutually beneﬂmal outcomes.

4, Operators and regulatory authonties should be. prepared to .address public
concerns over possible impacts of co- processmg and strive to establish
efficient communication methods to explain. the activities. Operators planning
on using hazardous waste: shou!d provide all necessary information to allow
stakeholders to understand’ the use of the wastes in the cement kiln while
illustrating the measures that would be impl mented to avoid adverse impacts.
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ANNEX 5 - GENERAL RECOMMENDATION ON WASTE
ACCEPTANCE AND PRE-PROCESSING OF HAZARDOUS WASTE
FOR CO-PROCESSING

WASTE ACCEPTANCE

1.

Pre-accegtance

Prior knowledge of wastes is necessary to ensure that the waste falls within
the requirements of the facility's permit and will not adversely affect the
process. Generators of hazardous waste should in most circumstances know
the composition, nature and problems associated with their waste, ensuring
that all relevant information is passed to those mvolved in its subsequent
management.

Hazardous and non hazardous waste acceptance comprises two stages: pre-
acceptance (or screening) and on-site acceptance. Pre-acceptance involves
the provision of information and representative samples of the waste to allow
operators to determine suitability before arrangements are in place for
acceptance. The second stage concerns procedures when the waste arrives
at the facility to confirm previously a'ﬁ'p_r_oved characteristics.’.:'-':- .

Failure to adequately screen waste samp!es prior to acceptance and a
confirmation of its composmon on arrival at the installation may lead to
subsequent problems. inappropnate storage mixing of incompatible
substances, and accumutatlon of wastes could occur

A pre-acceptance or :pre-shipment _screening, protocol should ensure that
only properly and saf  handled hazardous waste streams are approved for

:shlpment to the faCIIIty Such protoco! is necessary to:

(a)_ Ensure regulatory oomplaance by screening out unsuitable wastes;

(b) ... Confirm the details relating to composition, and identify verification
~-parameters that can be Used to test waste arriving at the facility;
(c) Identify any substances within the waste that may affect its processing,
or react with other reagents;

(d) Accurately def;ne the range of hazards exhibited by the waste.

The operator should obtain information on the nature of the process producing
the waste, including its variability. Other required descriptions include:
composition (chemicals present and individual concentrations); handling
requirements and associated hazards; the quantity and the form of waste
(solid, liquid, sludge etc), sample storage and preservation techniques.
Ideally, information should be provided by the waste generators . Alternatively
a system for the verification of the information provided by any intermediaries
should be considered.

Systems for the provision and analysis of waste representative samples

should be in place. The waste sample should be taken by a competent

technician and the analysis carried out by a laboratory, preferably accredited
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On-site accegtance;::_. 5

10.

11.

12.

with robust QA/QC methods and record keeping and a chain-of-custody
procedure should be considered. The operator should carry out a
comprehensive characterisation (profiling) and testing with regard to the
planned processing for each new waste. No waste should be accepted
without sampling and testing being carried out. The exception is unused,
outdated or off-specification uncontaminated products that have appropriate
MSDS or product data sheets.

A Waste Analysis Plan (WAP) should be prepared and maintained to
document procedures used to obtain a representative waste sample and to
conduct a detailed chemical and physical analysis. A WAP should address
measures used to identify potentially reactive and incompatible wastes. It

. should include testing of a representative sampte to qualify the waste for use

at the facility (pre-acceptance) and to vertf its constituents (acceptance).
Further testing of samples taken during or after waste pre-processing or
blending should be used to verify the quatlty of the: resultant stream.

Operators should ensure that the__. echnical appralsat is carried out by
gualified, experienced staff who understands the capab|!|t|es of the facility.

Records of pre-acceptance should be mamtalned at the facmty for cross-
referencing and verification at the waste acceptance stage. Information should
be recorded and reference_ - available at ‘all times, regularly reviewed and
kept up to date with any changes to _the waste stream

On-site verification and festing st'toutd confirm waste characteristics with the
pre—acceptance lnforma _n: Acceptance procedures should address:

' '.'EPre—apprcv _astes amvmg on-site, such as a pre-booking system
to ensure that' sq_ff_iment capacity is avatlable

(b) _ Traffic control;

(c) .. Check for d_qcumen'ts_-arriving with the load;

(d)  Load inspection, sampling and testing;

(e) “Rejection of wastes and the discrepancy reporting procedures;
(f) Record keeplng,

(9) Periodic review of pre-acceptance information.

Wastes should not be accepted without detailed written information identifying
the source, composition and hazard levels.

Where facilities provide an emergency service such as the removal of
spillages or fly-tipped hazardous wastes, there may be situations where the
operator is unable to adhere to established pre-acceptance and/or
acceptance procedures. In such instances, the operator should communicate
the occurrence to the competent authorities immediately.
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Arrival

13.

14,

15.

16.

17.

If sufficient storage capacity exists and the site is adequately manned, suitably
qualified and trained personnel should supervise the receiving of hazardous
wastes. All wastes received should be treated as unknown and hazardous
until compliance with specifications has been positively verified.

A suitable description should accompany hazardous waste delivery including:
name and address of the generator; name and address of the transporter;
waste classification and description; volume and weight; and hazardous
characteristics of the waste.

Documentation accompanying the shipment should be reviewed and
approved, including the hazardous waste manifest, if applicable. Any
discrepancies should be resolved before the waste is accepted. If they cannot
be resolved, the waste should be rejected and sent back to the original
generator, or at its request, to an alternate facility.

Where possible, waste loads should be visually inspected. All containers
should be clearly labelled in accordance with applicable regulations for the
transport of dangerous goods and checked to confirm quantities against
accompanying documentation. They should be equipped with well-fitting lids,
caps and valves secure and in place and inspected for leaks, holes, and rust.
Any damaged, corroded or unlabelled container or drum should be classified
as ‘non-conforming’ and dealt with appropriately.

All incoming loads should be weighed, unless alternative reliable volumetric
systems linked to specific gravity data are available.

Inspection

18.

19.

20.

Wastes should only be accepted at the facility after thorough inspection.
Reliance solely on supplied written information should not be acceptable.
Physical verification and analytical confirmation should be undertaken to
ensure the waste meets permit specifications and regulatory requirements. Al
wastes, whether for processing or storage, should be sampled and undergo
verification and testing, according to the frequency and protocol defined in the
WAP, except for unused, outdated, off-specification or uncontaminated
products.

On-site verification and testing should take place to confirm:

(a) The identity and description of the waste;
(b) Consistency with pre-acceptance information;
(c) Compliance with the facility permit.

Techniques for inspection vary from simple visual assessment to full chemical
analysis. The extent of the procedures adopted will depend upon waste
chemical and physical composition and variation; known difficulties with
certain waste types or of a certain origin; specific sensitivities of the
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21.

22,

23.

24,

_physical parameter _
- composition-designated on the accompanying manifest or other documents.
"The selection of: key parameters must be based on sufficient waste profile

installation concemed (for example, certain substances known to cause
operational difficulties); and the existence or absence of a quality controlled
specification for the waste, among others. (Karstensen, 2008a)

The facility should have a designated sampling or reception area where
containerised waste is unloaded if adequate space is available and
temporarily stored for further sampling and sample analysis. Wastes should
be segregated immediately to remove possible hazards due to incompatibility.
Sampling should ideally take place within 24 hours of unloading. During this
period, hazardous wastes should not be bulked, blended or otherwise mixed.
Bulk wastes should be inspected and accepted for processing prior to
unioading.

Sampling should comply with specific national legislation, where it exists, or
with international standards. Sampling should . be supervised by laboratory
staff and in those countries where regulatlons ‘do.not exist, qualified staff
should be appointed. Sampling should-include well- -established procedures
such as those developed by the Amerlcan Society for: Testmg and Materials
(ASTM), the European Committee for Standardization {(CEN), and the United
States Environmental Protection Agency (EPA). A record of the sampling
regime for each load and }UStIfiCElthﬂ for the selected optton should be
maintained. . e

Samples should be analysed by .a Iaboratory with a robust QA/QC
programme, including but “not limited. to suitable record keeping and
independent. assessments. AnaIyS|s should be carried out at a timescale
required by facrl:ty procedures 1In.the case cf hazardous wastes this often
requires the I boratory to be on-site '

_ __:fsampled a,_:d analysed for a few key chemical and
(fmgerprrnt ‘analysis) to substantiate the waste

Typically, waste should

knowledge and testing data to ensure accurate representation. When
selectrng fingerprint. parameters consideration should be given to those that:
identify - unpermitted  wastes; determine suitability within the facility's
operat!onat acceptance limits; identify potential reactivity or incompatibility;
indicate any changes in composition that had occurred during transportation
or storage. Should fingerprint testing results of a given waste stream fall
outside the established tolerance limits, the waste may be re-evaluated for
possible acceptance to prevent the unnecessary movement of waste back
and forth between the generator and the installation. Re-evaluation should
consider facility conditions for storage and processing; additional parameter
analysis deemed appropriate by the operator and established in the WAP;
permit requirements.

25. The inspection scheme may include: assessment of combustion parameters;

blending tests on liquid wastes prior to storage; control of flashpoint; and
screening of waste input for elemental composition, for example by ICP, XRF
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26.

27.

28.

29.

Non-conforming wa

and/or other appropriate techniques, in accordance to waste types and
characteristics, and the facility waste acceptance criteria. (Karstensen, 2008a)

Wastes should be moved to the storage area only after acceptance. Should
the inspection or analysis indicate a failure to meet the acceptance criteria,
including damaged or unlabelled drums, such loads should be stored in a
quarantine area, allocated for non-conforming waste storage, and dealt with
appropriately.

All areas where hazardous waste is handled should have an impervious
surface with a sealed drainage system. Attention should be given to ensuring
that incompatible substances do not come into. contact resulting from spills
from sampling, for example, within a sump servmg the sampling point.
Absorbents should be available. :

In accordance with national legislation and practlce ‘suitable provisions should
be made to verify that wastes a‘ecelved are not radloactlve such as the use of
plastic scintillation detectors. :

After acceptance, containerised hazardous waste shoufd be labeiled with the
arrival date and primary. hazard class. Wh
earliest arrival date of the bulked wastes __hould be indicated on the bulk
container. Each container shou]d be given a unlque reference number for in-
plant tracking. : =

30.

31.

The operator. should have clear an ?nambiguous criteria for the rejection of
wastes, includlng 5 _that fail to meet the acceptance criteria, and
damaged, corroded or unlabelled drums, A written procedure for tracking and

_reporting such non-conformance. should include notification to the customer or

ste generator and competent authorities.

The operator shoufd also have a clear and unambiguous policy for the
subsequent storage;: mcludlng a maximum storage volume, and disposal of
rejected: wastes ThIS poilcy should achieve the following:

(a) Identlfy the hazards posed by the rejected wastes;

(b) Label rejected wastes with all information necessary to allow proper
storage and segregation arrangements to be put in place;

(c)  Segregate and store rejected wastes safely pending removal within no
more than five working days, where possible.

32. Wastes not fulfilling the acceptance criteria of the plant should be sent back to

the waste generator, unless an agreement is reached with the generator to
ship the rejected waste to an alternative authorised destination.
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In-plant tracking system

33.

34.

35.

36.

37.

An internal wastes tracking system and stock control procedure should be in
place, starting at the pre-acceptance stage, to guarantee the traceability of
waste processing and enabling the operator to:

{a) Prepare the most appropriate waste blend;
b) Prevent unwanted or unexpected reactions;

{c) Ensure that the emissions are either prevented or reduced;
d) Manage wastes throughput.

(
(

The tracking system, which may be a paper-based, electronic, or a
combination of both), should trace the waste :during its acceptance, storage,
processing and removal off-site. At any time, the operator should be able to
identify the location of a specific waste on. the facliity and the length of time it
has been there. Records should be held in an area removed from hazardous
activities to ensure their accessrbllity dunng any emergency

Once a waste has entered bulk storage or a treatment process, tracking
individual wastes will not be feasible. However, records should:be maintained
to ensure sufficient knowledge is available as to what wastes have entered a
particular storage facility: _For-__example to" avord incompatibility with incoming
wastes, it is necessary to keep track of resrdues bmlding up within a vessel
between de- siudging operatlons '

For bulk liquid Wastes stock control sh uld ‘involve rﬁalntaming a record of the
route through the process. Waste i Irums shouid be individually labelled to
record the locatlon and duration of storage.

The in-plant waste" racklng:: system should hold a complete record generated
durlng pre-acceptance, acceptance; storage processing and removal off-site.

* Records should be kept'up to date to reflect deliveries, on-site treatment and
'dispatches The tracking system should operate as a waste inventory, stock

control system and: snclude as a minimum:

(a) A unique reference number;

(b)  Detalls of the: waste generator and intermediate holders;

(c)  Date of arrival on-site;

(d) Pre—accep_t_anCe and acceptance analysis results;

(e)  Container type and size;

f Nature and quantity of wastes held on-site, including identification of
associated hazards;

(g) Details on where the waste is physically located;

(h) Identification of staff who have taken any decisions on acceptance or
rejection of wastes.
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38. The system adopted should be structured to report on:

WASTE STORAGE AND HANDLING

Total quantity of waste present on-site at any one time, in appropriate
units;

Breakdown of waste quantities being stored pending on-site
processing;

Breakdown of waste quantities on-site for storage only, that is, awaiting
transfer;

Breakdown of waste quantities by hazard classification:

Indication of where the waste is located relative to a site plan;
Comparison of the quantity on-site against total permitted:

Comparison of time the waste has been on-site against permitted limit.

39. After deciding the waste’s suitabili_ty'_,'-fth"e operator s'"ﬁ"éiu_{d have systems and
procedures in place for transfer to_fé:afppropriate storage safely.

40. Considerations for waste storage on t.H':e'_}:i_n_staIIa'tﬂ_i'O'n should iné!udg—_:-_:

Location of storage areas; ..
Storage area infrastructure:’ = G

Condition of tanks, drums, vessels and other containers;
Stock control; A e

ated storage;

41, "*’='.-'|j;ansfer and "éfij{age areas should be designed to handle accidenta! spills.
This may require that:

To prevent sﬁ_i_lls from spreading or seeping into the soil, storage areas

should have “adequate boundaries and be adequately sealed,
impermeable and resistant to the stored waste materials:

All spills should be collected, placed in a suitable container, and stored
for disposal in the kiln;

If a spiil occurs, incompatible wastes should be prevented from mixing;

All connections between tanks should be capable of being closed by
valves. Overflow pipes should be directed to a contained drainage
system such as a bounded area or another vessel:

Leak free equipment and fittings should be installed whenever
possible;

Measures to detect leaks and appropriate corrective action should be
provided;

Contaminated runoff should be prevented from entering storm drains
and watercourses. Any runoff should be collected and stored for
disposal in the kiln;
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(h)  Adequate alarms for abnormal conditions should be provided.

42. Storage design should be appropriate to maintain waste quality for the
complete storage period. Segregated storage should be in place to prevent
incidents from incompatible wastes and as a means of preventing escalation
should an incident occur. Individual storage requirements on a particular
installation will be dependent on a full assessment of risk.

43. Within the facility, specific storage area characteristics should reflect the
properties of the waste that poses the greatest risk that can be accepted. In
general, the storage criteria should also take into account the unknown nature
and composition of wastes, as this gives rise to additional risks and
uncertainties. In many cases, this uncertainty. means that higher specification
storage systems are applied for wastes 1 n for well-characterised raw
materials. e

44, Containerised wastes should be s_tored under cover protected from heat,

direct sunlight and rain, unless the ‘waste is known to be unaffected by such
ambient conditions. . _

45. For containerised wastes, the desngn should be such to prevent ‘accumulation
of hazardous wastes beyond the allowable storage timescale. For liquid
wastes, mixing or agitation to prevent settlmg of solids should be considered.

It may be necessary to homogemse tank ‘contents with mechanical or

hydraulic agitators. Depending.on the waste characterlstlcs some tanks may

need to be he ed and msulated i

46. ;
pipelines, valves, and seals should be appropriate for the characteristics of
the.waste. They should | e"suffi0|ently corrosuon proof, and offer the option of

"'ea'r'il'ng and samplmg '

- \dequate ventllaﬂon should be provnded in consideration to applicable work
exposure gwdelines Periodic monitoring should be considered for open
stored; wastes that may emit VOC.

48. Afire protectton system approved by local authorities, for example, a local fire
department, should be in place. Automatic fire detection systems should be
used in waste storage areas as well as for fabric filters and electrostatic
precipitators (ESP), electrical and control rooms, and other identified risk
areas. Continuous, automatic temperature measurement of the surface of
wastes in the storage pits can be used to trigger an acoustic alarm to indicate
temperature variations.

49. Automatic fire suppression systems should be used when storing flammable
liquid waste and in other risk areas. Foam and carbon dioxide control systems
provide advantages in some circumstances, for example, for the storage of
flammable liquids. Water systems with monitors, water cannons with the
option to use water or foam, and dry powder systems are commonly used.
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Operational considerations

50.

51.

52.

53.

54.

99.

56.

57.

_out after the area
'_:precautlons have been. taken. Special procedures, instructions, and training
should be in place for routlne operations such as:

Written procedures and instructions for the unloading, handling, and storage of
wastes on-site should be in place. It should be ensured that chemically
incompatible wastes are segregated. Compliance should be audited regularly,

To avoid the need for additional handling and transfer hazardous wastes
should be stored in the same containers (drums) that were used for delivery.

Designated routes for vehicles carrying specific hazardous wastes should be
clearly identified within the facility. On-site transportation should minimize risk
to the health and safety of employees, the pubhc and the environment. The
operator should ensure that vehicles are. flt for purpose with respect to
compliance with relevant regulations. :

All loads should be properly |dent|fled segregated accordlng to compatibility
(so that any potential spills do:not create chemical ‘safety hazards), and
secured to prevent sliding or shlftlng during transport. Personnel should be
directed and trained to use equipment. oniy as intended, and not to exceed the
rated capacity of oonta;ners vehicles, and other equipment.

3

Appropriate signage indicatlngz.:the nature of hazardous wastes should be in
place at storage stockpiling;;: and tank Iocat:ons

ition, free of dents, not leaking or
r storage areas should have at least a

Containers s jould be kept in good ol
bulging, and closed no _ _n use. Cont
weekly mspe.__.tron

Maintenance work"“ hould 'be -authorized by plant management, and carried
ias been checked by a supervisor and all necessary

(a) '--.Workrng at heaghts rncludlng proper tie-off practices and use of safety
harnesses;

(b)  Confined space entry where air quality, explosive mixtures, dust, or
other hazards may be present;

(c) Electrical ;-Iock-out to prevent accidental reactivation of electrical
equipment undergoing maintenance;

(d)  ‘Hot works’ (welding, cutting, etc.) in areas that may contain flammable
materials.

Safety measures that should be considered include:
(a)  Placing of uncontrolled combustible materials in storage areas should
be avoided;

(b)  Where there is a risk that has not been avoided or controlled, standard
safety signs and information signs should be in place;
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(c) Emergency showers and eye wash stations should be provided within
the work area for immediate emergency use following exposure to
hazardous wastes. Consideration should be given to the possible need
for multiple emergency shower installations, based upon access
distance, and the possibility that more than one person may be
affected at the same time;

(d)  Adequate alarms shouid be provided to alert all personnel about
emergency situations;

(e} On site communication equipment should be maintained so that in
case of a fire, the control room and the local fire department can be
contacted immediately;

(f) Electrical equipment should be earthed and have appropriate anti-static
devices in place.

WASTE PRE-PROCESSING

58.

59.

60.

So as not to detract from normal kiln operation, product quality, or the site’s
usual environmental performance, wastes used in cement kilns should be
homogenous, with compatible particle size, stable chemical” composmon and
heat content. For optimum operation, kilns: require very uniform waste material
flows in terms of quality and: quantity. For certaln types of wastes, this can
only be achieved by pre- processmg S

udes drylng, shredd'"' g, erndlng or mixing depending on
is usually* carrled_ out in a purpose-made facility, which
ement plant.”

Pre-processing:i
the type of. waste
may be local egl outside or inside t

Liquid waste fuels are,;l":“z_rmally prepared by blending different products with
suﬂable calorlflc values ‘and’ chemlstry, such as spent solvents or used oil.

: .__:Only 3|mple pre- -treatment is usually necessary, such as the removal of
“bottoms, sediments and_water. In some cases, for example machining

oillemulsion, chemical processes are necessary to remove metallic pollutants
and additives. The extent of solid waste processing, such as sorting, crushing,
or pelletizing, depend_e__on the specific application.

Design considerations . -

61.

62.

63.

Facility layout should be carefully considered to ensure access for day-to-day
operations, emergency escape routes, and maintainability of the plant and
equipment.

Recognized standards should be applied to the design of installations and
equipment. Any modifications should be documented.

Health and safety assessments should be undertaken on operations to ensure
equipment safety and to minimize risks of endangering peopie or installations,
or damaging the environment. Appropriate procedures should be used to
assess risks or hazards for each stage of the design process. Only competent
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and qualified personnel should undertake or oversee such hazard and
operating studies.

Operational considerations

64. Although mixing and homogenisation of wastes can improve feeding and
combustion behaviour, it can involve risks and should be carried out
according to a prescribed preparation.

B5. Techniques used for waste pre-processing and mixing are wide ranging, and
may include:

(a)  Mixing and homogenising of liquid wastes to meet input requirements,
for example, viscosity, composition and/or heat content;

(b)  Shredding, crushing, and shearmg of packaged wastes and bulky
combustible wastes;

(c)  Mixing of wastes in a storage ptt or similar enclosure using a grab or
other machine. G i

66. Crane operators should be capable of |dent:fy|ng potentlally problematlc loads,
for example, baled wastes and discrete:items that cannot be mixed or may
cause loading and feeding problems. Thes can then be removed, shredded
or directly blended (as approprlate) W|th other. wastes

67. General tidiness and cleanllness should be applzed to enhance workmg
envnronment and to allow potential operatlonal probiems to be identified in

(b) "The preventl'on.of dust emlssmns s from operating equipment;
“(c) Effective wastewater management;
"(d)_ . Effective preventtve maintenance

PRE- PROCESSING PLANT CLOSUREIDECOMMISS!ONING

88. Closure is the pertod dlrectly after the facility stops normal operations. During
this period the facility stops accepting hazardous waste; completes storage
and processing of any wastes left on site; and dlsposes or decontaminates
equipment, structures, and soils, restoring the site, insofar as possible, to its
original condition or in keeping with the intended land use. Planning for
decommissioning of the facility should be undertaken during the initial stages
of the overall project. By integrating decommissioning requirements into the
facility design at the outset, the site development plan should be compatible
with the proper closure requirements when the operation of the facility has
ended.

69. Operators should be required to properly close the facility in a manner that
minimizes the further need for maintenance, and prevents the escape of any
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hazardous contaminants to the environment. To ensure this, a closure plan
should be prepared identifying the steps necessary to partially or completely
close the facility, including:

(a)  Procedures for handling removed inventory;

(b}  Procedures for decontamination and/or disposal;

(c) Procedures to confirm effectiveness of decontamination, demolition
and excavation, including procedures for performing sample collection
and analysis;

(d) Health and safety plan addressing all health and safety concems
pertinent to closure activities;

(e)  Security system to prevent unauthorrzed access to the areas affected
by closure activities. o

70. To prevent a facility from ceasing operatlons and failing to provide for the
potentially costly closure requirements, operators should be required to
demonstrate that they have the financial resources to properly conduct
closure in a manner that protects both human health and the environment.

71. To minimise decommissioning problems and assoclated environmental
impacts, it is recommended for existing installations, where potential problems
are identified, to put in place a programme of deS|gn improvements (EIPPCB,
and plplng are avoided. If replacement is not possible operators should
provide secondary containment or develop a suitable monitoring programme.
A procedure-for__the draining and cleaning out of vessels and piping prior to
dismantleme t'among others should also be prowded

OTHER ENVIRONMENTAL ASPECTS

Volatile organic compounds, odours and dust

72. Emissions to air frc'):m:"Waste pre-processing wil depend on the types of wastes
treated-and the processes used. Emission monitoring and reporting should be
performed aecording__t_d operating permits and applicable regulations.

73. Abatement techniques should be in place as required and countermeasures for
noise and odours considered. Dust is usually reduced by bag filters while
VOC emission control technologies, if needed, may include carbon
adsorption, thermal or biological treatments, among others.

74. 1in the EU, BAT is to apply the foliowing techniques to prevent or control the
emissions of dust, odours and VOC in the waste treatment sector as a whole:
restrict the use of open topped tanks, vessels and pits; use an enciosed
system with extraction to suitable abatement plant; apply a suitably sized
extraction system; correctly operate and maintain the abatement equipment;
have leak detection and repair procedures in place; and reduce air emissions
by using a suitable combination of preventive and/or abatement techniques
(EIPPCB, 2006).
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Drums and ferrous metals

75.

Empty drums and ferrous metals removed by magnetic separators should be
disposed of in an environmentally sound manner. Scrap metal not
contaminated by chemicals or scheduled wastes can be recycled for
steelmaking. Empty waste drums contaminated by chemicals or scheduled
wastes in good condition can be sent to authorised/licenced drum
washers/recyclers.

Wastewater

76.

Fir

78.

Discharges of wastewater to surface water should not result in contaminant
concentrations in excess of local ambient water quality criteria, or in their
absence, other recognized ambient water quality criteria. Receiving water use
and assimilative capacity, taking other sources of discharges to the receiving
water into consideration, should also influence the acceptable pollution
loadings and effluent discharge quality.

Discharges into public or private wastewater treatment systems should meet
the pre-treatment and monitoring requirements of that sewer treatment
system. It should not interfere, directly or indirectly, with the operation and
maintenance of the collection and treatment systems, or pose a risk to worker
health and safety, or adversely impact characteristics of residuals from
wastewater treatment operations.

In the EU, BAT is to apply the following techniques to wastewater
management in the waste treatment sector as a whole: reduce the water use
and the contamination of water; avoid the effluent by-passing the treatment
plant systems; collect spillages, drum washings, etc.; segregate the water
collecting systems; have a concrete base in all the treatment areas: maximise
the reuse of treated wastewaters; conduct daily checks on the effluent
management system; carry out the appropriate treatment technique for each
type of wastewater; achieve adequate water emission values before
discharge by applying a suitable combination of techniques (EIPPCB, 2006).

EMISSIONS MONITORING AND REPORTING

e 2

Emissions and air quality monitoring programmes provide information that can
be used to assess the effectiveness of relevant management strategies. A
systematic planning process is recommended to ensure that data collected
are adequate for the intended purposes and to avoid collecting data that are
unnecessary. A monitoring programme for air quality should consider baseline
monitoring to assess background levels of key pollutants both at and in the
vicinity of the facility.

80. When wastewater is discharged, a monitoring programme, with adequate

resources and management overview, for wastewater and water quality
should be developed and implemented to meet set monitoring objectives.
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81.

The parameters selected for monitoring should be indicative of the polfutants
of concern from the process, and should include parameters that are
regulated under compliance requirements. Monitoring programmes should
apply national or international methods for sample collection and analysis,
such as those published by the Intermational Organization for Standardization
(ISO), CEN or the United States EPA. Sampling should be carried out or
supervised by trained individuals. Those permitted or certified for this role
should conduct the analysis. Sampling and analysis QA/QC plans should be
applied and documented to ensure that data quality is adequate for the
intended data use. Monitoring reports should include QA/QC documentation.
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ANNEX 6 -~ GENERAL RECOMMENDATION ON CO-PROCESSING
OF HAZARDOUS WASTE

OPERATIONAL REQUIREMENTS

1. Safe and responsible co-processing requires careful selection of the feed
points in the kiln system as well as comprehensive operational control relating
to the specific characteristics and volumes of the waste material.

Feed point selection

2. Adequate feed points should be selected acco_r:d_ir:.ig to relevant characteristics
of the waste, including physical, chemical, and toxicological (see Figure 6A).
Different feed points can be used, most commdnly waste is introduced via:

(a) The main burner at the rotary klln outiet end; _

(b) A feed chute at the transmon chamber at the rotary kiln inlet end (for
lump fuel);

{c) Secondary burners to the riser duct

(d) Precalciner burners to the precalcmer .

(e) Afeed chute to the precalcsner (for Iump fuel)

() A mid kiln valve in the case of Iong wet and dry kilns (for lump fuel).

3. Liguid wastes are typically rnjected znto the hot end of the kiln. Solid wastes
may be mtroduced into the caicmlng zone at: some facilities. This is mid-kiln for
long kilns,“and onto the feed shelf in the: hlgh-temperature section for
preheater/precatcmer kllns f

4. Solid: wastes used::a ‘alternative raw materials are typically fed into the kiln
system via:the normal-_raw meal supply, the same as traditional raw materials.
“However materials containing components that can be volatilised at low
temperatures (for: example solvents) shouid be fed into the high temperature
zones of the kiln~ system. Wastes containing volatile organic and inorganic
components should " not be fed via the normal raw meal supply uniess
controlled _test runs:in the kiln, or adequate laboratory tests, have
demonstrated that unde_sired stack emissions can be avoided.

5. Combustible toxic: compounds found in some hazardous waste, such as
halogenated organic substances, need to be completely destroyed through
proper temperature and residence time. In preheater/precalciner kilns,
hazardous waste should generally be fed through either the main or the
secondary burners. Hazardous and other wastes fed through the main burner,
where conditions will always be favourable, decompose under oxidising
conditions at a flame temperature of >1800°C (see Figure 6B). Waste fed to a
secondary burner, preheater or precalciner will be exposed to lower
temperatures, though expected burning zone temperatures in the precalciner
are typically >1000°C (UNEP, 2007). The kiln should be operated in such a
way that the gas resulting from the process is raised, after the last injection of
combustion air, in a controlled and homogeneous fashion and even under the
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most unfavourable conditions, to a temperature of 850 °C for two seconds (cf.
Directive 2000/76/EC). In the case of hazardous wastes with a content of more
than 1 per cent halogenated organic substances (expressed as chlorine), the
temperature should be raised to 1100°C for at least two seconds.

Figure 6A - Typical waste feed points

=== Possible feed points
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44— Raw meal
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Figure B - Temperatures and residence times during cement manufacture

Characteristics | Temperature and
time

Temperature at | >1450°C (material)
main burner @ >1800°C (flame

of the rotary kiln | temperature)

@

Residence time | >12-15 seconds >
at main burner 1200°C
>5-6 seconds >

1800°C
Temperature at | > 850°C (material)
precaiciner @ >1000°C (flame

temperature)
Residence time | > 2-6 seconds >
at precalciner 800°C

For hazardous waste feeding into 't'h_'e_ kiln, the following gh_'Qu_Id be conducted
(EIPPCB, 2010): E S

(a) To use the appropriate feed points to the kiln in terms of temperature and
residence time depending on kiln design and kiln operation;

(b) To feed waste materials containing organic_components that can be
volatilised before the calcining zone'into the adequately high temperature

zones of the kiln system; = o

(c) To operate in such a way that the gas resulting from the process is
raised,“in.a controlled and homogeneous fashion and even under the
most unfavourable conditions, to a temperature of 850 °C for 2 seconds;

(d) .- To raise the temperature to 1100 °C, if hazardous waste with a content of

" 'more than 1 per cent of halogenated organic substances, expressed as

.+ chlorine, isfed into'the kiln;

(e) . To feed wastes continuously and constantly;

(f) = To stop feeding waste when appropriate temperatures and residence
times are not maintained or cannot be reached (at start-ups or
shutdowns for instance), and whenever any emission limit value is
exceeded.

Kiln operation control

To avoid operating problems within the kiln, the impact of hazardous waste on
the total input of circulating volatile elements, such as chlorine, sulphur or
alkalis, requires careful assessment prior to acceptance. Specific acceptance
criteria for these components should be set by each facility based on the
process type and on the specific kiln conditions.

The general principles of good operational control of the kiln system using
conventional fuels and raw materials should also be applied to the use of
waste. In particular, all relevant process parameters should be measured,
recorded, and evaluated continuously. Kiln operators should undergo
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10.

1.

appropriate training for the requirements related to the use of hazardous
waste, including health, safety, and environmental emission aspects.

For operational disruptions of the kiln, written work instructions describing the
strategy to disconnect the hazardous waste feed to ensure minimum
operational stability conditions should be available and known to the kiln
operators.

The mineral content of the waste may affect the characteristics of the clinker.
The raw mix composition should be adjusted accordingly to adhere to the
given chemical set points. Input limits for chlorine, sulphur, and alkalis should
be defined, and operational set points should be strictly observed. Bypass
installations to avoid enrichment cycles of these compounds should only be
considered if appropriate solutions for the management of the bypass dust
generated have been identified.

It is important for combustion and process stability, for the purpose of
controlling emissions of unintentionally formed POPs, to ensure (UNEP, 2007):

(a) Consistency in fuel characteristics (both alternative and fossil);

(b) Consistency in fuel supply rate or frequency of introduction of batch-
charged materials;

(c) That adequate excess oxygen is supplied to achieve good combustion;

(d) That concentrations of CO in exhaust gases are monitored and do not
exceed pre-established levels reflecting poor combustion conditions.

ENVIRONMENTAL ASPECTS

12.

13.

14.

Air emissions

Whether or not wastes are being used in a cement plant, dust (particulate
matter),NOx and SO2 emissions cause the greatest concern and needs to be
dealt with. Other emissions to be considered are VOC, PCDDs, PCDFs, HCI,
CO, CO2, HF, ammonia (NH3), benzene, toluene, ethylbenzene, xylene,
polycyclic aromatic hydrocarbons (PAH), heavy metals and their compounds
(EIPPCB, 2010). Under some circumstances, emissions may also include
chlorobenzenes and PCBs (SBC, 2007).

Control technologies should be implemented by the cement plant to ensure
compliance to the emission limit as outlined in these guidelines.

Cement kiln and bypass dust

All cement plants generate a fine dust from the kiln line, collectively labelled
cement kiln dust (CKD). CKD composition varies, even over time from a single
kiln line, but includes particulates representing the raw mix at various stages of
burning, particles of clinker, and even particles eroded from the refractory brick
and/or monolithic linings of the kiln tube and associated apparatus (Van Oss,
2005). Dust is also discarded from alkali bypass systems, installed to avoid
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195.

16.

17.

18.

19.

20.

excessive build-up of alkali, chloride and/or sulphur, however bypass dust, as
opposed to CKD, consists of fully calcined kiln feed material.

in the EU, the BAT conclusion for process waste, in the cement manufacturing
sector in general, is to re-use collected particulate matter in the process,
wherever practicable, or to utilise these dusts in other commercial products,
when possible. (EIPPCB, 2010).

To avoid disposal, most CKD and bypass dust is recycled directly back to the
cement kiln or cement clinker grinder. In clinker manufacture, CKD partially
offsets the need for raw materials such as limestone and natural rock
constituents, thus avoiding the energy usage and emissions related to their
extraction and processing. Periodically some dd’St"may need to be removed
from the system due to increasing concentrations of alkali, chloride and
sulphur compounds that may compromise . the quatsty of the clinker. Dust that
cannot be recycled back into the process is removed from the system and
often collected onsite in piles. 2 e

Where appropriate CKD not returned to the production .process may be
recovered in various types of commercial applications, including agricultural
soil enhancement, base_ stabilizing for: ‘pavements, wastewater treatment,
waste remediation, Iow-strength backfill and. municipal landfill cover (U.S. EPA,
2010). These applications depend przmarlly on the chemical and physical
characteristics of the CKD.

The major factors determmlng CKD charactenstlcs are the raw feed material,
type of kiln operation, dust collection- systems;. and fuel type. Since the
properties of CKD can be significantly affected by the design, operation, and
materials used in_a cement kiln, the chemical and physical characteristics of
CKD must be evaiuate_ on an mdiwduai plant bas;s (U S. EPA, 2010) Untll

_ff;recommended

Dependlng upon the Ievel of contaminants of concern (for example, heavy
metals, POPs), this waste can in some cases be hazardous waste for which
special handling and disposal measures apply (UNEP, 2007). A study by
Karstensen {2006b) reports an average concentration of 6.7 ng |I-TEQ/kg for
PCDDs/PCDFs in CKD and a maximum concentration of 96 ng I-TEQ/kg. The
same study shows that wastes from the cement industry have PCDD/PCDF
levels in the same magnitude as foods such as fish, butter, breast milk, and
less than the maximum permissible concentration of 100 ng TEQ/kg for
sewage sludge applied to agricultural land.

To ensure the protection of public heaith and the environment and to prevent
groundwater contamination, bypass dust or CKD, discarded from facilities that
use hazardous wastes as supplementary fuels or raw materials, should be
analyzed for metal and organic leachate quality parameters if they are to be
disposed of on land. The analysis should be conducted during controlled test
runs in addition to ongoing testing that may be required by local regulatory
authorities. Releases of dust to the air should aiso be controlled.
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21.

22

23.

24,

25.

Emissions to water

In general, wastewater discharges are usually limited to surface run-off and
cooling water only and cause no substantial contribution to water pollution
(EIPPCB, 2010). Nevertheless, in the European Union the use of wet
scrubbers is a BAT to reduce the emissions of SOx from the flue-gases of kiln
firing and/or preheating/precalcining processes (EIPPCB, 2010). As such, the
generation and management of wastewater shall subject to the requirements
under Environmental Quality (Effluent) Regulations 2009, so as to limit the
transfer of pollutants from the air into water.

End-product control

Final products such as clinker and cement are subject to regular control
procedures required by the usual quality specifications as laid down in
applicable national or international quality standards.

As a principle, co-processing should not alter the quality of the cement being
produced. This means that the clinker, cement or concrete produced should
not be used as a sink for heavy metals. There should be no negative impact on
the environment as might be demonstrated with leaching tests on concrete or
mortar, for example. The quality of cement should also allow end-of-life
recovery.

Organic pollutants in the materials fed to the high temperature zone of the kiln
system are completely destroyed, while the inorganic components are
incorporated into the end product. Accordingly, the use of wastes in the clinker
burning process may change the metal concentrations in cement products, and
depending on the total input via the raw materials and fuels, the concentration
of individual elements in the product may increase or decrease as a result of
waste co-processing (EIPPCB, 2010). However, lengthy investigations have
shown that the effect of waste on the heavy metals content of clinker is
marginal on a statistical basis, the one exception being the bulk use of tires
which will raise zinc levels (GTZ, 2006).

As cement is blended with aggregates to form concrete or mortar, it is the
behaviour of the metals within these building materials that is important for the
evaluation of relevant environmental impacts of waste used in the production
process. Studies have shown that metal emissions from concrete and mortar
are low, and comprehensive tests have confirmed that metals are firmly
incorporated in the cement brick matrix. In addition, dry-packed concrete offers
high diffusion resistance, which further counteracts the release of metals.
Tests on concrete and mortar have shown that the metal concentrations in the
eluates are noticeably below those prescribed, for instance, by national
legislation. Moreover, storage under different and partly extreme conditions
has not led to any environmentally relevant releases, which also holds true
when the sample material is crushed prior to the leaching tests. (EIPPCB,
2010).
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26.

27.

28.

In regard to the above, the main results of leaching studies done to assess the
environmental impacts of heavy metals embedded in concrete are as follows
(GTZ, 2006):

(a)

(b)

(c)
(d)

(e)

(f)

(9)

_..cement, the trac
' -'-'-j:;fenwronmental crftena

The leached amounts of all trace elements from monolithic concrete
(service life and recycling) are below or close to the detection limits of the
most sensitive analytical methods;

No significant differences in leaching behaviour of trace elements have
been observed between different types of cements produced with or
without alternative fuels and raw materials;

The leaching behaviour of concrete made with different cement types is
similar;

Leached concentrations of some elements such as chromium, aluminium
and barium may, under certain test cond|t|ons come close to limits given
in drinking water standards; hexavalent chromium in cement is water-
soluble and may be leached from concrete at a level higher than other
metals, so chromium inputs to cement and concrete should be as limited
as possible; s
Laboratory tests and field studles have demonstrated that applicable limit
values, for example, groundwater: or drinking water specn‘zcat:ons are not
exceeded as long as.the concrete structure remains intact: For example,
in primary or service life apphcations

Certain metals such as: -arsenic, chromlum vanadium, antimony, or
molybdenum may have a more. mobile leaching behaviour, especially
when the mortar or concrete structure is crugshed or comminuted (for
example =r-_|_n ‘recycling stages such as. use ‘as aggregates in road
founda ons, or in end-of-life scenarios such as landfilling);

j' -are no ‘simple and: consistent relations between the leached
amounts of trace ¢ ents and their total concentrations in concrete or in
:-.e[ement content of cements cannot be used as

.'Assessments of the envrronmentai quairty of cement and concrete are typically

based on the ieachlng characteristics of heavy metals to water and soil.
Various exposure scenarlos need to be considered (GTZ, 2006);

(a)
(b)
(c)

(d)

Exposure of concrete structures in direct contact with groundwater
{‘primary’. appllcatlons)

Exposure of mortar or concrete to drinking water in distribution {concrete
pipes) or storage systems (concrete tanks) (‘service life’ applications);
Reuse of demolished and recycled concrete debris in new aggregates,
road constructions, dam fillings etc. (‘secondary’ or ‘recycling’
applications);

Dumping of demolished concrete debris in landfills (‘end-of-life’
applications).

Careful selection and monitoring of the waste ensure that the use of wastes
does not result in metal emissions of any environmentally harmful magnitude
(EIPPCB, 2010). However, in cases where the concentration of heavy metals
exceeds the normal range found in cements made without alternative fuels
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29.

and/or materials, leaching tests on mortar and/or concrete should be
conducted (GTZ, 2006).

For “real-life” concrete and mortar exposure scenarios, different leaching tests
and assessment procedures should be applied. Although standardized test
procedures exist for waste management regulations and drinking water
standards, there remains a need for harmonized and standardized compliance
test procedures based on the exposure scenarios outlined above. It is
recommended that a certified independent testing laboratory perform these at
least annually.

MONITORING

30.

31.

32.

33.

Emission monitoring should be conducted: to :allow authorities to check
compliance with the conditions in operating permits and regulations, and to
help operators manage and control. the process, thus. preventing emissions
from being released into the atmosphere It is the: responsibility of the
competent authority to establish and set appropriate quality requirements, and
to consider a range of safeguards. For the purpose of compllance assessment
use of the following is consrdered good practlce (EIPPCB 2003): .

(2) Standard methods of measurement
(b) Certified instruments; - -

(c) Certification of personnel
(d) Accred'ted laboratorles

For self—monltormg actlwtles the___ e of recognlsed quality management
systems and periodic check by an“external accredited laboratory instead of
formal own accred;tatlon can, be appropnate (EIPPCB, 2003).

a‘f’More useful mformatlon regardmg monltorlng principles can be found in the
European Commission’s Reference Document on the General Principles of

Monltorang (EIPPCB 2003)

Process monltormq

To control kiln processes continuous measurements are recommended for the
following parameters (UNEP, 2007; EIPPCB, 2010):

(a) Pressure;

(b) Temperature;
(c) 02

(d) NOx;

(e) CO;

(f

) SOz, when the SOx concentration is high (it is a developing technique to
optimise CO with NOx and SO5,).
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34.

35.

36.

37.

38.

In the EU, the BAT conclusion for the cement manufacturing sector as a whole
is to carry out monitoring and measurements of process parameters and
emissions on a regular basis, such as (EIPPCB, 2010):

(a) Continuous measurements of process parameters demonstrating
process stability, such as temperature, O2, pressure, exhaust gas flow
rate, and of NH3 emissions when using selective non-catalytic reduction
(SNCR);

(b) Monitoring and stabilising critical process parameters, for example,
homogenous raw material mix and fuel feed, regular dosage and excess
O..

Emissions monitoring

To accurately quantify the emissions, contfn:uous 'measurements is BAT for the
following parameters (UNEP, 2007) :

Exhaust gas flow rate;
Moisture (humidity);
Temperature;

Dust (particulate matter)
02: i
NOx;

g) SO

h) CO.

[ A e i

a
b
c
d
e
f

— — — — p— p— — —
o

Continuous: m _'asurement of TOC is: also recommended The operator should
assure proper calibration malntenance and operation of the continuous
emission monltonng systems (CEMS) ‘A quality assurance programme should
be -estabiished to evaluate and monltor CEMS performance on a continual

__ba5|s

'Perlodlcal monltortng at a mlmmum once per year is appropriate for the

followmg substances: .

(a) IVIetaIs (Hg, Cd TI As, Sb, Pb, Cr, Co, Cu, Mn, Ni, V) and their

compounds;
(b) HCI,
(c) HF;
(d) NHS3;
(e) PCDDs/PCDFs.

The BAT according to EIPPCB (2010) is to carry out monitoring and
measurements of process parameters and emissions on a regular basis, such
as:

(a) Continuous measurements of dust, NOx, SOx and CO emissions;

a
(b) Periodic measurements of PCDDs/PCDFs and metals emissions;
(c) Continuous or periodic measurements of HCI, HF and TOC emissions.
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39.

40.

41.

42.

43.

44.

45.

It is also possible to measure and monitor NH3 and Hg continuously, and to
sample PCCDs/PCDFs and PCBs continuously for analysis from 1 to 30 days
(EIPPCB, 2010).

Performance tests should be conducted to demonstrate compliance with the
emission limits and performance specifications for continuous monitoring
systems, when the kiin is operating under normal conditions.

Measurements of the following may be required under special operating
conditions (UNEP, 2007; EIPPCB, 2010):

(a) Benzene, toluene and xylene (BTX);

(b) Polycycllc aromatic hydrocarbons (PAHS), _

(c) Other organic pollutants (for example,. chlorobenzenes, PCBs including
coplanar congeners, chloronaphthalenes etc)

In case of hazardous waste dlsposai in cement kllns for the purpose of
destruction and irreversible transformatron of the POPs content in waste, the
DRE should be determined (UNEP, 2007) and it is referred to the Updated
General Technical Guidelines for the Environmentally Sound. ‘Management of
Wastes Consisting of, Containing or Contammated with Persistent Organic
Pollutants (POPs) (SBC, 2007) :

Environmental momtormg

Justifiable concerns about the envu’onmental n‘npact from the plant may require
the |mptementat|on of an amblen_ —momtormg programme. This should
assess levelsof key po!tutants identified as a priority for environmental control.
The arrangements should include control and downwind locations, including
the: area . of maxrmum ground level deposmon from stack emissions. A

meteorological statlon should be provided for the duration of the ambient

" sampllng exercise in a Iccat!on free from significant interference from buildings

or other structures

Regortl_ng reguaremen_ts

Reporting of monitoring results involves summarising and presenting results,
related information.and compliance findings in an effective way. Good practice
is based on consideration of: the requirements and audiences for reports,
responsibilities for producing reports, the categories of reports, scope of
reports, good reporting practices, legal aspects of reporting and quality
considerations (EIPPCB, 2003)

Monitoring reports can be classified as follows (EIPPCB, 2003):

(a) Local or basic reports, which are usually prepared by operators (for
example, as part of their self-monitoring) and, where appropriate, should
meet any permit requirements. These reports may concern, for example,
an individual installation, an occurrence, which covers a short period and
needs to be reported promptly, or local audiences;
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46.

47.

(b)

(c)

National or strategic reports, which will generally be prepared by the
competent authorities. These are usually summary reports and they
typically concern, for example, several installations, longer periods in
order to show trends, or national audiences;

Specialised reports, which are reports on relatively complex or novel
techniques that are occasionally used to supplement more routine
monitoring methods (for example, telemetry, neural networks, or
deposition surveys).

Good practices in the reporting of monitoring information include (EIPPCB,
2003):

(@)

Data collection, which involves the acquisition of basic measurements
and facts. Considerations of the following items are good practice in data
collection: schedules (stating how, when, by whom and to whom the data
are to be reported, and what. types of data are acceptable); use of
standard forms for collecting data; data quallflcatlon details (used to
record whether data values are based on measurements, calculations or
estimations); uncertainties and limitations data (details of: detection limits,
numbers of samples available); operational context details. (details of the
prevailing process operations and/or environmental conditions).

Data management, involving the organlsatfon of data and its conversion
into information. Considerations of the following items are good practice
in data management: transfers and databases data processing; software
and statistics; and archiving. e

Presentatlon of results, which: mvolves the deilvery of information to
users ina clear and usable form. Considerations of the following items
are good practice in. the presentation of monitoring results, depending on

the type of: report ‘scope of ‘the report (type of situation, timing

"---_"'requwements “Jocation); programme of presentations; trends and

comparisons; statistical significance (details on exceedences or changes
that are S|gn|flcant when compared with the uncertainties in

“* measurements and process parameters); interim performance (interim

reports); strateglc results (details on levels of compliance for different
policies, activities, technologies, etc.); non-technical summaries (for the
public); and d;st_r_lbutlon of reports.

In order for monitoring reports to be used in decision making processes they
should be readily available and accurate (to within stated uncertainties). Good
practice in accessibility and quality of the reports can be achieved by
considering the following items: quality objectives and checks; competence;
contingency arrangements; sign-off systems; retention of data; and falsification
of data. (EIPPCB, 2003)
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