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FORECASTING GREENHOUSE GAS EMISSIONS IN THE INDUSTRIAL PRODUCTION
OF THE REPUBLIC OF KAZAKHSTAN

Abstract: Excessive greenhouse gas (GHG) emissions are an environmental problem.
Studies to determine cost-effective ways to reduce GHG emissions have revealed the need to model
the dynamics of emissions of carbon dioxide, nitrous oxide, methane, and other gases. In this study,
the calculation of CO2 equivalent emissions from industrial processes and production in the territory
of the Republic of Kazakhstan was carried out. When forecasting, the data provided by the UN
Framework Convention on Climate Change were used. To predict CO2 emissions from industrial
production, tools for analysis and forecasting of time series were used: Prophet method, Cluster
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analysis of k-means time series, modern versions of ARIMA algorithms, exponential smoothing
methods, and linear regression. This study presents comparative simulation results based on a
baseline scenario with no action until 2045. This study compares four models to suggest an effective
one for future CO2 emission forecasting. The accuracy comparison is conducted using various error
measures, with the mean absolute percentage error (MAPE) chosen as the metric for comparison.

Key words: GHG emissions, artificial intelligence, machine learning, industrial processes,
product use, CO2 emissions.

Introduction

The purpose of this work is to apply various methods of statistical analysis and mathematical
modeling to predict GHG emissions from the IPPU sector in Kazakhstan until 2045.

The task of the work is to collect and process data on CO2 emissions for industrial production
in Kazakhstan and review the various methods used for forecasting time series, with a scenario
analysis of the forecast of the dynamics of GHG emissions by 2045 in accordance with the rules of
the UNFCCC (IPCCC).

In March 1995, Kazakhstan ratified the UN Framework Convention on Climate Change, under
which Kazakhstan provides data on greenhouse gas emissions every two years. UNFCCC (United
Nations Framework Convention on Climate Change) is an agreement on the general principles of
action by countries on the problem of climate change, signed by more than 180 countries of the
world, including all countries of the former USSR and all industrialized countries. The Convention
was solemnly adopted at the "Earth Summit" in Rio de Janeiro in 1992 and entered into force on
March 21, 1994.

According to UNFCCC studies, for 2020 Kazakhstan ranks 19th among countries in terms of
CO2 and CO2 equivalent emissions in the Industrial Processes and Product Use sector, amounting
to 22.3 thousand tons. In addition, it took 4th place in the index of growth in CO2 and CO2 equivalent
emissions compared to the 2019 reporting year, demonstrating an increase of 6.8%.

GHG emissions in the IPPU sector will be mapped in accordance with the Kazakhstan GHG
Inventory, which includes four main categories from the IPPU sector: emissions from the production
of mineral materials, the chemical and metallurgical industry, the use of solvents and non-energy
products from fuels.

The goal of the Convention is to stabilize the concentration of greenhouse gases in the
atmosphere "at a level that would not allow dangerous anthropogenic, that is, human-induced,
impact on the climate system".

Thus, Kazakhstan's progress in achieving emission reductions and removals related to its
guantitative economy-wide emission reduction targets is assessed.

According to the development strategy of Kazakhstan, a presidential decree set the goal of
achieving carbon neutrality by 2060. Ecology Minister Serikkali Brekeshev noted that the doctrine
includes 2 scenarios: basic and carbon neutrality, where the base scenario is a path without
measures to decarbonize the economy.

In this paper, a forecast of the baseline scenario of CO2 emissions will be presented.

Research methods

Time series — is a sequence of numbers ordered by time index. One of the features of time
series is that it can be used to predict values based only on the time series itself.

We can represent the components of the y, time series additively as:

Vi=Si+ T+ Rt(l)

Where: S; — seasonal component;
T — trend component;
R: — the remainder of the time series not covered by the seasonal or trend component.
Also, when predicting a time series, it is important to take into account autocorrelation and
stationarity.
The term autoregression means regression applied to itself. In an autoregressive model, we
predict a variable of interest using a linear combination of the variable's past values.
An autoregressive model of order p can be written as:

Yi=C+ P1yer + Payiz + ... + PpYip + € (2)
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Where: € — white noise.

An autoregressive model is similar to multiple regression, but with lagging y; values as
predictors. This model is commonly referred to as the p-order model.

Stationarity

A time series is called stationary if its statistical properties do not change over time. Thus, a
time series with trend or seasonality is not stationary because trend and seasonality will affect the
value of the time series at different times. On the other hand, white noise is stationary, as it looks
the same at any moment.

Differentiation is one of the methods used to stabilize a time series. This method calculates
the difference between successive members of a series. Differentiation is used to get rid of the
moving average. Mathematically, the difference can be written as:

Yi=VYi- Ve (3)

loe: y: — the value at time t.

When the difference series is white noise, the original series is called a non-stationary series
of the first degree.

For forecasting the time series, 4 algorithms were chosen:

ARIMA (Box-Jenkins model) — is an abbreviation for AutoRegressive Integrated Moving
Average and consists of the following components:

1) AR(p) —is an autoregression,

2) 1(i)- represents the order of integration,

3) MA (g) —is a moving average.
The same conditions of stationarity and reversibility that are used for autoregressive and moving
average models also apply to the ARIMA model.

The moving average equation is written as:

Ye=C+ &+ 0181 + 02812 (4)

Where: 6 — free odds;
€ — white noise.
Combining all the components, the complete ARIMA maodel can be written as:

Ve=Cc+d1yiqg t o+ GpYip + 0181+ 0481t & (5)

Where: y{ — it's a heterogeneous series.

The predictors on the right side include both lagging y/ values and lagging errors.

SARIMAX (p, d, q) (P, D, Q)[S] — ARIMA-based model with an additional seasonal
component.

Prophet — additive model-based algorithm uses adaptive regularization to model both linear
components, such as trend, using linear regression, and non-linear components, such as
seasonality, using a custom time transformation function.

Line regression with one parameter:

Yy =wo+wix; (6)

Where: y — target variable;
x — feature;
wy — initial offset;
w — model weight.
The following will be used as quality metrics:
MSE = Z?:1(Yt—y,)2 (7)

n
MAE = 2= | (8)
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ye-y'

i
MAPE = # 100 (9)
RMSE = VMSE (10)
R? =+/MSE (11)

|. Data preparation

To conduct the study, data on CO2 emissions presented in the public domain on the UNFCC
website for the period from 1990 to 2020[1] were used. The data represent specific emissions of air
pollutants divided by major sectors. The IPPU sector was taken as the basis of the work. GHG
emissions in the IPPU sector are presented according to the Kazakhstan GHG inventory which
includes four main categories from the IPPU sector — emissions from the production of mineral
materials (2.A), chemical industry (2.B), metallurgical industry (2.C), solvent use and non-energy
products from fuel (2.D).

Il. EDA
In Figure 1, CO2 emissions in Kazakhstan, according to the UNFCCC data, reached the level of
1990 in 2018, however, under the influence of Covid-19, the level of emissions decreased. At the
same time, in the Industrial Processes and Use of Products (IPPU) sector, the quarantine of 2019
did not affect its growth. CO2 emissions from this sector exceeded 1990 emissions as early as 2014.
Emissions from the metallurgical industry sector, although they occupy the largest part of emissions
in the sector, however, over the past ten years, the share of emissions themselves has increased by
only 23%. The mineral industry showed an increase of more than 2 times compared to 2010.

-~ Base year(1990) CO2 eq. amount Kazakhstan GHG total without LULUCF, in kt CO: equivalent
400000
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300000

kt CO2 equivalent

250000

200000 -
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2. Industrial Processes and Product Use
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Figure 1 — Kazakhstan’s CO2 emissions

According to the UNFCCC, Kazakhstan for 2020 ranks 6th among countries in terms of CO2
emissions in the 2.C Metal Industry sector, amounting to 12 thousand tons, and 10th in the 2.A
Mineral Industry sector, amounting to 8.3 thousand tons. Also, Kazakhstan is one of the few
countries that show a stable level of increase in CO2 emissions in the IPPU sector as presented in
Figure 2. Over the previous year, Kazakhstan showed an increase of 6.8%.
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Figure 2 — Increase of CO2 emissions.

It is also particularly important for Kazakhstan to adopt the experience of other countries in
reducing CO2 emissions in the IPPU sector. To find countries whose emissions are similar to those
of Kazakhstan, the time series cluster analysis method was applied using the k-means algorithm.
Chart 3 shows the distribution of countries into clusters.

For cluster analysis, the TimeSeriesKMeans algorithm was used - the time series clustering
algorithm is based on the k-means algorithm. The distance between two time series is measured
using DTW (Dynamic Time Warping). The algorithm starts by randomly selecting k time series as
centroids and then iteratively assigns each time series to the nearest centroid and updates the
centroids based on the assigned time series [2].

DTW(x,y) = ngn JZ(i,j)Eﬂt d(Xiij)Z (12)
The outliers of Kazakhstan were grouped by the Euclidian k-means algorithms into cluster-4,
DBA k-means into cluster-0 and soft-DTW k-means [3] into cluster-0, respectively. These algorithms
showed the greatest similarity of emissions in Kazakhstan with emissions in Russia, Spain and
Britain. You can also notice the outliers of Turkey, highlighted separately by each of the algorithms,
presented on clusters 3-2-1 (Fig. 3).

Euclidean k-means

Cluster ¢

Cluster 2 Cluster 3

Cluster 0

Cluster 1

0 5 10 15 0 5 10 15 0

“
"
5
“
5

DBA k-means

Cluster 2 Cluster 4

Cluster 1 Cluster 3

Soft-DTW k-means

Cluster 0 Cluster 1 Cluster 2

0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15 0 s 10 15

Figure 3 — IPPU time series clustering
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[ll. Data Processing

For forecasting, the time series was reduced to a stationary time series by differentiation, and
the Dickey-Fuller test is also carried out to test stationarity. Since heteroscedasticity is not observed
in the time series, no methods were applied to it to reduce the inhomogeneous variance. However,
some modern machine learning models (such as prophet) automatically flatten the data.

For the period from 1990 to 2000, the data show a downward trend in CO2 emissions, which
characterizes the subsequent periods poorly. To improve the quality of the models, it was decided
to use extrapolation for the period from 1990 to 1999. To prevent leakage of the validation sample,
extrapolation was carried out on the training sample from 2000-2015.

IV. Model validating

To assess the quality of the models, the time series was divided into training and validation
sets. The period from 2015 to 2020 was used as a validation sample. Figure 4 shows the predictions
of the ARIMA (p=0,d=2,g=1) SARIMAX(p=0,d=2,9=1),(P=1,D=1,Q=0)(S=12) linear regression
models and prophet. The confidence interval and the forecast itself are highlighted in green.

Prophet forecast LinearRegression forecas

w0 T T

Figure 4 — Models forecasts

Prophet ARIMA SARIMA Linear
MSE 2 250 953,06 4102 515,79 5158 242,71 1994 645,54
RMSE 1500.318 2025.467 2271.177 1412.319
MAE 1 230,60 1 669,52 1774,83 1 188,08
r2_score -4,65 -9,297 -11,947 -4,006
MAPE 5,70% 7,90% 8,50% 5,50%

Chart 1 — Models quality metrics

Chart 1 presents model quality metrics. All showed relatively similar results.

V. Results

Figure 5 presents the projection of CO2 emissions for the IPPU sector until 2045. Due to
good pre-processing of extrapolation data and hyperparameter fitting, all compared models showed
relatively similar results. The largest number of emissions is predicted by the ARIMA model 42.5
thousand CO2, while all other algorithms predict emissions in the range of 31.5-34.6 thousand CO2.
It can also be seen that the SARIMAX and Prophet algorithms, being able to regulate the order of
seasonality of the time series themselves, reduced its influence to a minimum, since fluctuations in
emissions are associated with domestic political and economic events.
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Figure 5 — Forecast of CO2 emissions in the IPPU sector until 2045

Conclusion

In the absence of any measures taken by the government and industrial production, the
average value of the three forecast values at the end of 2045, CO2 emissions from the IPPU sector
in the Republic of Kazakhstan alone, will amount to 35 million tons.

In this study, a forecast was presented based on the baseline scenario without taking any
measures to decarbonize the economy of the Republic of Kazakhstan. The data was taken from
official open sources of the UNFCCC.

Data Availability Statement: Data used in this article is cited in the reference section. More
curated data is also available by a request to the corresponding author.
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NMPOrHO3NPOBAHUE BbiIBPOCOB NAPHUKOBbLIX T'A30B B MPOMbILUIIEHHOM
NMPOU3BOACTBE PECNYBJINKUA KASAXCTAH

UpeamepHbie 8bibpockl napHukoebix 2aszos ([1IN) sensromces akonoaudeckol rpobrnemod.
UccnedosaHusi rno onpedenieHurn 3KOHOMUYecKU aghghekmueHbIx criocoboe cokpauleHus 8bibpocos
MapHUKOBbIX 2a308 8bIsi8USIU HE0O6X00UMOCMb MOOeIupo8aHuUsi OUHaMUKU 8b16p0OCO8 yar1eKuCc1020
easa, 3aKkucu azoma, MemaHa u Opyaux 2a308. B daHHom uccriedogaHuu bbin rposedeH pacyem
8blbpocos CO2 8 akguBarieHmMe om npoMbIWIIEHHbIX IPOUECCO8 U npouseodcmea Ha meppumopuu
Pecnybnuku KasaxcmaH. [lpu rnpo2Ho3upoeaHUU ucrofib3oeasnuck 0aHHble, rpedocmasiieHHble
PamoyHoU koHeeHyueli OOH 06 uameHeHuUuU Knumama.

Lns  npoeHo3uposaHusi 8bibpocoe CO2 om  npPOMbIWIIEHHO20  rpou3sodcmea
UCrnosib308asuch UHCMPYMEHMbI aHanu3a U rpoeHo3upos8aHUsi 8peMeHHbIX psidos: Mmemod Prophet,
KrnacmepHbIlU aHamu3 epeMeHHbIx psidos k-cpedHux, coepemeHHblie aepcuu anzopummos ARIMA,
Memodbl 3KCMOHEHUUaIbHO20 CarnaxkueaHusl u nuHeluHou peespeccuu. B amom uccrnedosaHuu
npedcmasrieHbl pesyrbmamabl CpasHUMeIbHo20 MOOeIUpPO8aHUs 8PEMEHHbIX PsI008, OCHOBAHHbIE
Ha 6a3080M cyeHapuu, Komopblil He npedycmampueaem Hukakux 0eticmeuti 8o 2045 2oda. B amom
uccriedogaHuu cpasHUBaOMCs Yembipe mModernu, Ymobbl npednoxume Haubornee aghchekmusHyo
modernb 0ns npoaHo3uposaHus ebibpocos CO2 e bydyuwiem. CpagHeHUE mMOYHOCMU nNpo8ooumcs ¢
ucrnosib308aHUeM passiuyHbIX Mep noepewHocmu, fnpu 3mom 8 Ka4ecmee MempuKu Os1s1 cpagHeHUst
8bibpaHa cpedHsisi abconromHas npoueHmHasi owubka (MAPE).

Knrouyeenbie cnoea: 8b16p0ChI NapHUKOBbIX 22308, LUCKYCCMBEHHbIU UHMENIEKM, MawuHHOe
obyyeHue, NPOMbIWIIEHHbIE MPOUECCHI, UCrofb308aHue npodykuuu, ebibpocsi CO2.

©.A. 3anpynna
Astana IT University,
010000, KasakctaH Pecnybnukacol, ActaHa K., Manrunuk en k-ci, 55/11
e-mail: adilhanzai@gmail.com

KA3AKCTAH PECMYBJIMKACbIHbIH ©HEPKSCIN ©HAIPICIHAEN NMAPHUKAIBLIK TA3OAP
LWbIFAPYJIAPbIH BOJIXKAY

lMapHukmik e2a3dapdbiy (M) wamadaH MbIC WbiFapbiHObIIaPbl 3KO02UANbLIK Mpobriema
6osnbin mabbinadsl. [MapHukmik 2a3dap wWhbirapbiHObIIaPbIH asatmyObiH yHemdi adicmepiH
aHbiKmay 6oUlibiIHWa 3epmmeyrnep KeMipKbIWKbI 2a3bl, a30m OKculi, MemaH xaHe backa 2a3dap
WwibiFapbiHObIIapbIHbIH OUHaMuKacbiH Mooenbdey KaxemminigiH aHbikmadbl. byn 3epmmeyde
KasakcmaH PecnybrnukacbiHbIH —ayMafbiHOarbl ©HepKacinmik rnpoyecmep MeH ©eHOipicmiH
banamacbiH0a CO2 webifapbiHObINapbiH ecenmey Xxypeisindi. bomkam xacay ywiH bipikkeH
¥nmmap ¥lbimbiHbiH KnumammbiH e32epyi myparsbl He2i30emMerlik KOH8EHUUSICbI YChbIHFaH Xarrbifa
KormkemimOi depekmep natidanaHblniobl.

O©Hepkacinmik eHOipicmeH COZ2 wbirapbiHObinapbiH 6o5mkay ywiH apmypni yakKbimmblK
KamapnapObl manday XeHe yakbim KamaprapbiH 6ormkay Kypandapbl natidanaHbiniobi: [Natrambap
adici, k-meaHC yakbimmbIK KamapnapObl Knacmepnik manday, maycbimObiK myseminzeH ARIMA
anzopummOepiHiH 3amaHayu HycKanapbl, 3KCroHeHyuandsl meaicmey xoaHe 6ip akmbl CbI3bIKMbIK
peepeccusi adicmepi. byn zepmmey 2045 xbinra OeliH ewkaHdal spekemmi KammbiMalmbiH
Heai3ei cueHapulice HeeiddericeH carnbicmbipMarbl MoOernboey HamuxxenepiH ycbiHaobl. byn
3epmmey 6onawak CO2 wbirapbiHObinapbiH bomkay YWiH MawuHabiK OKbimyObiH eH muimoi
mooesniH maby ywiH ocbl mepm modensli canebicmbipadsbl. Jondik canbicmbeipy apmypii kame
enwemOepiH KondaHy apKbinbl Xypaisinedi, canbiCmbipy YWiH Kepcemkiw pemiHde opmawa
abcosirommi nalibi30bik kKame (MAPE) maHdanadb!.

TytiH ce30ep: napHUKmik 2asdap whirapbiHObINaPbI, XacaHObl uHMersnnekm, MawuHanbiK
OKbImy, eHOipicmik npouecmep, eHiMOi natidanaHy, CO2 wbirapbiHObIIaPbI.
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NUCCINEOOBAHUE BITUAHUA TEMJTONPOU3BOOUTESIBHOCTU
N NAPONMPOU3BOAUTENIbHOCTU KOTEJIbHOIO ArPErATA HA Knp 6PYTTO
N PACXOL YA

AHHOMauyusi: Hecmompsi Ha mo, 4Ymo 8 Hacmosiuiee 8peMsi 80 8CceM MuUpe 8ce bosbuwe
8HUMaHus ydensgemcs passumuto HempaluyuoHHOU U 80306HOo8nseMol 3Hepeemuku, Ors
Pecnybnuku KasaxcmaH yeosibHasi rnpoMbiuieHHOCmb rpodosmkaem ocmasambCsi 00HOU U3
gaxHelwux ompacned. B KasaxcmaHe npedcmasrieHbl 8Ce OCHOBHble ompacnu ye0rbHOU
npombiwneHHocmu: 0obbiva u nepepabomka. B Pecnybrniuke cocpedomoydeHbl 3,3 npouyeHma
MUpo8bIx 3aracos yers. B 0aHHol pabome npedcmasrnieHo uccriedo8aHue rpoueccos8 CxxuaaHusl
KapaxbIpUHCKO20 yensi Mmapku [ (Huswasi mennoma czopaHusi Haxooumcsi 6 rpedenax om 18855
0o 21788 k/[Ix/ke), Komophbll A6519emcs HenpoeKmHbIM monugom. MccriedogaHusi nposodunuch
Ha Odeticmeyrowem komse E-90-3,9/440 npu pasnudHol naporpoudeodumernibHocmu Oris
cocmaesieHusi PeXXUMHOU Kapmbl komia. [JaHHbIl y20r7ib UCrofb3yemcs He mosibKo 8 obriacmu, HO
u 3a ee npedenamu. B xode nposedeHHO20 uccriedosaHus bbifiu ycmaHo8/eHbl 3agucumMocmu
KoagbbuyueHma nonesHoeo Oeticmeus  (KM[) 6pymmo KomesibHO20 azgpesama om
menonpou3gooumesibHocCmu U napornpou3sooumesribHOCmu.

B  pesynbmame  nposedeHHOU  Mamemamu4deckol  obpabomku  rosy4eHHbIX
aKcriepuMmeHmaribHbIX 0aHHbIX (0511 mpex mernnosbix Hazpy3ok 50 m/yac, 75 m/dyac, 90 m/4ac),
6b171U MoMyYeHbl aHanumuyecKue 3agucumMocmu, Komopsble ornuckigatom usmeHeHue K4 6pymmo
u pacxoda yerns 8 3agucumMocmu om Mmersaonpou3eodumesnibHOCMU U naponpou3eodumesibHoCmu
Komna, rpu amom KoaghgpuyueHm demepmuHayuu Haxodumcs 8 donycmumbix ripedenax.

Knroyeenie cnoea: komesn, Kl 6pymmo, napornpou3godumenibHoCmb, nomepu,
mensioeas a5ieKmpocmaHyusi, KaMeHHbIU y2011b, Mernionpou3eodumesi.HoCMb, pacxo0 mornsusa.

BBepneHune

B nocneagHue rogbl 0TMEYaeTCA MHTEHCUBHOE passuTne HeTpa,EI,MLlMOHHOVI QHEPIreTuKNn. Tem
He MeHee, GonbLUasa 4YacTb HpOVISBO[J,VIMOI?I B MUPE 3NEKTPOIHEPINN, B TOM HUCIIE U B KasaxcTtaHe,
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