Environmental Health Risk VII 227

A methodology for forecasting hazardous
waste flows

J. Vilgerts, L. Timma & D. Blumberga
Institute of Energy Systems and Environment,
Riga Technical University, Latvia

Abstract

In previous years, great attention has been paid to the problem of hazardous
waste management. “Prevention costs” of the activities concerned with
hazardous waste (HW) are lower than “restoration costs” after damage is done.
Within the scope of the paper the methodology for forecasting hazardous waste
flows was elaborated. The methodology of the research included 6 modules:
historical data, assumptions, choose of indicators, data processing, and data
analysis with STATGRAPHICS, and forecast models. The proposed
methodology was validated for the case for Latvia. A new type of the indicator
based on the HW intensity within the Statistical Classification of Economic
Activities in the European Community (NACE Rev. 2) sectors and households
has been developed. The indicator allows for assessing the HW production
intensity. The results of the study suggest that HW intensity in Latvia is
forecasted to slowly decrease by 3.8% in next six years. The pessimistic
prognosis (upper 95%) gives an increase in HW intensity by 44.5%, but the
intermediate (upper and lower 50%) gives a corridor of +18.4% to —36.1%.
Keywords: hazardous waste, sustainable development, benchmarking, waste
management, indicators, forecast models.

1 Introduction

Waste disposal has vexed societies for centuries; nevertheless, just lately, a rapid
growth of the world population, increasing consumerism and, last by not least,
the industrial and petrochemical revolutions, has triggered the exponential
increase in the amount of waste flows, including hazardous waste (HW) [1]. As a
response to growing concerns, the European Union (EU) works on the sticker
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inspections and enforcement of the regulations within the HW sector, as well as
on future legislative measures [2]. About 77 million tonnes of HW were
generated only within the European Union 27 member states (EU-27) in the year
2009. From the year 2000 until 2008 the amount of HW in the EU-27 has
increased by 46%, followed by 8% decrease in 2009. Nevertheless, on average
154 kg of HW were generated per capita within EU-27 in the year 2009 and the
Eurostat estimates increase by up to 198 kg of HW per capita in the year 2010
[2]. The report by the European Environmental Agency (EEA) also states that
waste (also hazardous) prevention goal of the 6™ European Action Program
(EAP) have not been achieved [3]. In order to propose measures for the reduction
of the amount of HW and to monitor and analyse the results, the indicative
values should be introduced within the sector. The researches previously done on
the introduction of indicators for the HW sector can be classified as qualitative
and quantitative ones. The qualitative assessment of HW flows is given in the
research by Weltens et al. [4]. The authors presented an alternative methodology
for the hazard categorization of complex waste matrices. The developed
methodology is in line with the principles of the waste classification given in the
Hazardous Waste Directive [5], but proposes to substitute the tests of the risk
assessment performed on animals with the tests on cellular mechanisms. The
usage of microorganisms in order to define eco-toxicological potential is studied
by Wilke et al. [6]. The application of biomarkers for the detection of low levels
of HW is described by Giusti [7] In order to perform both qualitative and
quantitative analysis, an integrated fuzzy hazardous waste index for the
composite materials is studied by Musee et al. [8-10]. By application of the
fuzzy algorithm the final aggregated hazard index was obtained. The study gives
results on the fuzzy algorithm application for9 hypothetical examples. Das et al.
[11] proposed the composite hazardous waste index and hazard potential, which
allows the comparison of various streams of industrial waste. The quantitative
weight-based indicators for HW were studied by Elimelech et al. [12]. The
proposed indicators referred either to raw material (the amount of HW according
to the amount of crude oil processed), final product (the amount of HW
according to the weight of dry cleaned clothes), or service supplied (the amount
of HW according to the beds occupied in hospital). Moreira and Gunther [13]
used the weight based indicators for the assessment of effectiveness of waste
management strategy in health care centres. Kiurski et al. [14] identified HW
substances in printing industry. The authors used concentration based indicators
in order to define the target levels for volatile organic components (55.72 ppm
for 8 h working time).Yuan [15] proposed implementation of 30 indicators in
order to describe the effectiveness of construction and demolition waste
management system. The methodology for the assessment of ecological footprint
for HW is presented by Herva et al. [16]. Streimikiene [17] converted the
amount of the nuclear waste produced into the costs of nuclear waste storage.
Thus, the two possible greenhouse gas mitigation options in Lithuania were
compared: nuclear power and carbon capture and storage. Economic activity is
used as an indicator in the waste sector. The amount of HW to be a function of
the economic activity in the country and region is pointed out in the report of
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European Commission [2]. Sixth EAP defines that use of resources and waste
generation should be decoupled from economic growth. The Directive
2008/98/EC on waste [18] sets the objectives for the proposed targets. The report
by EEA [3] states that depending on the type of waste analysed the amount of
waste is stabilizing or continues to grow, but at lower rate than gross domestic
product (GDP). Forecast models of the HW amounts are mainly based on the
economic activity indicators. Mazzanti [19], Mazzanti and Zoboli [20] showed
that no absolute delinking trends between waste generation and GDP are present
in the EU-27. Sjostrom and Ostblom [21] based the forecast of the HW amount
in Sweden on a Computable General Equilibrium model of the economy
developed by Sjostrom and Ostblom [22]. While the amount of non-hazardous
waste showed decoupling for 11 out of 17 cases, the total amount of the HW was
predicted to grow faster than GDP. Third order regression model between the
generation of industrial solid wastes and GDP per capita was developed by
Yanrong et al. [23] with R? = 0.99. The research done by Lilja and Liukkonen
[25] suggests usage of the waste generation in specific sector rather than GDP.
Court [26] analysed the economy and HW generation in the United States of
America by using hazardous waste generation intensity indicator (tons/$M). The
author found out that highest intensity of HW generation belong to chemical
products, waste management and remediation services, primary metals and
petroleum and coal products industries. Based on the European Commission
report [24] the largest implementation gaps for municipal waste management
were observed in 12 member states, including Latvia. The report pointed out
poor quality of forecast quality, which refers to the inadequate capacity of waste
management facilities. The waste management plan for Latvia 2013-2020 [27]
proposes following indicators to assess the performance of HW management
strategy: the total amount of HW produced during one year, the percentage of
recycled HW as 75%, and percentage of landfilled HW no more than 25% until
2020.At the same time waste management plan forecasts 25% increase in HW
production from 2010 until 2020.

2 Methodology

2.1 Algorithm of methodology

The methodology consists of data analysis by STATGRAPHICS based on the
HW intensity within the Statistical Classification of Economic Activities in the
European Community (NACERev. 2) sectors and households and forecast
models, with 6 modules: historical data, assumptions, choose of indicators, data
processing, and data analysis. Using historical data in the proposed algorithm it
is possible to forecast HW flows in various sectors (see Figure 1).

2.2 The module of the historical data

Historical data about the amounts of HW has been taken from the State limited
Liability Company “Latvia Environment, Geology and Meteorology Centre”
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Figure 1: The algorithm of the methodology.

database Nr.3-Waste [28]. Yearly management of the statistical data on the HW
is done by the Centre. Based on the Republic of Latvia Cabinet Regulation
No0.1075 [29], the data about generated amounts of HW should be submitted by
all operators who have obtained the A and B polluting activities permits and also
operators with the permits for waste management. The information available in
the database is divided by sectors based on the NACE Rev. 2 classification.
NACE Rev. 2, which is the statistical classification of economic activities in the
European Communities [28]. The amount of generated HW within NACE Rev. 2
sectors is subtracted from the total amount of HW and the difference is assumed
to be generated by the households. Data about the Gross Domestic Product
(GDP) is divided by sectors based on the NACE Rev. 2 classification and is
chain-linked reference for the year 2000.

2.3 The module of the assumptions

In the paper it is assumed that all flows of HW are collected and properly
managed. It is assumed that difference between total amount of GDP and GDP
produced within NACE sectors is accounted for the households.

2.4 Data processing module

The NACE Rev. 2 sectors, which accounted for less than 1% impact to the total
flow of HW within all NACE Rev. 2 sectors were merged together and named as
“Other” or “Other NACE sectors”. The data about the total amount of HW was
divided by the amount of GDP for each individual sector and households, so the
HW intensity indicators were obtained. The indicative values were calculated for
a period of eight years (2003-2010).

2.5 Simulation module in STATGRAPHICS

The interactive statistical data analysis tool STATGRAPHICS Centurion 16.1.15
was used to construct forecast models based on the obtained indicative values for
selected NACE Rev. 2 sectors and households. The simulation module within the
STATGRAPHICS tool provided analysis for over 13 possible models. The root
mean squared error (RMSE), the mean absolute error (MAE) and the mean
absolute percentage error (MAPE) were set as the target functions for the
optimization of the forecast model. The confidence level of the forecast models
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has been set to the 95.0%. Forecasts were built for the period of 2011-2016 at a
confidence level of 95% and 50%.

3 Results

3.1 Indicator analysis

The values of the HW intensity indicator for NACE Rev.2 sectors and
households for Latvia in 2010 are given in Figure 2.

kg HW/GDP (fixed for 2000) EUR

0.38 E Water _supply_, sewerage, waste management and
0.02 - remediation activities
C Manufacturing
H Transportation and storage
Q Human health and social work activities
H-h households
G Wholesale and retail trade; repair of motor
vehicles and motorcycles
0.01 H O Public administration and defence; compulsory
social security
D Electricity, gas, steam and air conditioning supply
A Agriculture, forestry and fishing

OOO 1 1 1 1 L 1 1 1 1 1 L 1 1 1 1 ) e | I |
E C H Q H-h G 0 D A Other
Sectors as given in NACE Rev 2 and households

Figure 2:  Value of the indicator for sectors according to the NACE Rev. 2
and households where “Other” includes B Mining and quarrying;
F Construction; | Accommodation and food service activities;
JInformation and communication; L Real estate activities;
M Professional scientific and technical activities; N Administrative
and support service activities; P Education; R Arts, entertainment
and recreation; S Other service activities.

3.2 Example of the forecast model

Table 1 summarizes statistical significance of the selected forecasting models
and performance of the currently selected model in fitting the historical data.

For example, the simulation module has forecasted the future values of
Sector C, to be expressed by an autoregressive integrated moving average
(ARIMA) (1,2,1) model. The general model of ARIMA (p, d, q) is represented
by ARIMA (1, 2, 1). Where p is number of non-seasonal autoregressive terms,
dis the number of non-seasonal differences, and q is the number of lagged
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forecast errors in the prediction equation. The mathematical expression of the
general model of ARIMA (1, 2, 1) is given in egn (1).

ARIMA (1,2, 1) =7() =2Y(t =D +Y(t—2) + 1)

+¢o[Yt—-1)-Y(Et—-2)]—0e(t—1)

where ¥(t) is the result for the times series, ¢ is non-seasonal differencing and
6 is non-seasonal lagged forecast error, and (t — 1) and (¢t — 2) are time periods.

Table 1: Summary for the forecast models.
Statistic Sector C Time Sequence Plot for
RMSE" | 0,00880576 ARIMA(121) | O actual
2 [ ‘ ‘ — forecast
MAE® [0,00465335 | o 006 — 95,0% limits
MAPE® | 17,8693 | & | ]
ME* | 0,0019906 | Z o004 o 1
5 o ]
MPE 1,24227 3 ol o0 \,\;
Sl 5 ]
I L
Forecast | ARIMA | € L ‘ ‘ ‘ ]
model 1,2,1) 2000 2004 2008 2012 2016
Year

'the root mean squared error (RMSE)

’the mean absolute error (MAE)

*the mean absolute percentage error (MAPE)
“the mean error (ME)

>the mean percentage error (MPE).

3.3 Model summary

Table 1 gives the description for the selected forecast models. Table 2 gives the
possibility to reproduce the forecast models for each of the analysed sectors.

4 Discussion

Figure 3 gives the summary of the forecast model for all studied NACE sectors
and households in Latvia. The upper limits for 95% confidence level and the
both upper and lower limits for 50% confidence level are given in Figure 3.

The results of the study suggest that HW intensity in Latvia is forecasted to
slowly decrease by 3.8% in the next six years. The pessimistic prognosis (upper
95%) gives an increase in HW intensity by 44.5%, but intermediate (upper and
lower 50%) gives a corridor of +18.4% to —36.1%. Within the study a new type
of HW intensity indicator has been developed. The proposed indicative value
allows us to forecast the changes of the HW intensity within the individual
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Table 2: Model summary.
NACE Estimated
sector Parameter | Estimate | Standard error | t-statistic | P-value | white noise
[0
MA(1) | 0,29413 0,302423 | 0,972577 | 0,375432
Sector A = \A(2) [0.854793 | 0.314786 | 2,71547 | 0,042002 | 000905
AR(1) [ -0,69437 [ 0,0641894 | -10,8175 | 0,000117
Sector C A1) | 116678 | 0,186253 | 6.2645 | 0,001521 | 009209
Sector D Constant | -6,64321 0,278919 -23,8177 | 0,000000 i
Slope 2,49112 0,638327 3,90258 | 0,007960
Sector E Exponential smoothing (a= 0,9999) -
AR(1) -0,63536 | 0,0757115 -8,39179 | 0,000394
Sector G —A() | 1.10133 | 0,119615 | 9,20731 | 0,000254 | *:00074683
Sector H AR(1) [0,249172 0,308014 0,808965 | 0,449416 0,00082899

AR(2) | -1,11834 0,256282 -4,36369 | 0,004751
Sector O MA(L) | -0,24064 0,489822 -0,49128 | 0,638257 | 0,0007621
Sector Q AR(1) |0,302719 0,421657 0,717927 | 0,499789

AR(2) | -0,89042 0,258898 -3,43929 | 0,013813
Other AR(1) | -0,65882 | 0,0919985 -7,1612 | 0,002013
NACE MA(1) | 0,353004 0,153881 2,29401 | 0,083487 | 0,0012543
sectors MA(2) | -1,74936 0,528752 -3,30848 | 0,029696

0,001372

Households Moving average of 2 terms -
1F ]
So8f 1
w ot { Variables
% 06 - & Upper 95 %
5 :,/*/0//””’_”; - Upper 50 %
S 04¢ : Forecast
T k\‘\x\i\‘\t -4 Lower 50 %
U)Olz L i
X L 4
0 L, ‘ ‘ ‘ ‘ 4
2011 2012 2013 2014 2015 2016

Period

Figure 3:  Summary of the forecast model for all NACE sectors and
households.

sectors. The indicator takes into account the supply and demand tendencies and
therefore accounts for the fact that increasing production rate will increase the
total amount of HW. The indicative value should stay the same within the sector
boundaries or even better if value declines. The introduced indicator is applicable
tool for the development of waste management strategies and defining the
indicative trajectories for the sector. The indicator can be applied also for
benchmarking analysis within the level of sectors or companies.
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5 Conclusions

A new type of the indicator based on the HW intensity within the NACE Rev. 2
sectors and households has been developed. The indicator allows assessing the
HW production intensity by taking into account a factor that increase in the
production rate will trigger higher total amount of HW. The proposed indicator
can be applied for the forecasting of future development of the HW intensity
within the single sector and in the country. The indicator can be used for the
benchmarking analysis of the single manufactures, same profile companies and
same sectors in different countries. Moreover the indicator allows proposing
measures for HW management system and allows monitoring of the
development of HW production intensity. Developed methodology consists of 6
modules: historical data, assumptions, choose of indicators, data processing, and
data analysis with STATGRAPHICS, and forecast models. The results of the
study suggest that HW intensity in Latvia is forecasted to slowly decrease by
3.8% in next six years. The pessimistic prognosis (upper 95%) gives an increase
in HW intensity by 44.5%, but intermediate (upper and lower 50%) gives a
corridor of +18.4% to —36.1%.
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