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Abstract

The aim of this study is to estimatege demandor natural ga®f the Brazilian industrial sector.
Industry isresponsible for mor¢ghan half of the national consumptiofi this type of energyin Brazil.
Therefore, bing able topreciselypredictthe natural gas consumptiarf the industrialsectoris crucial
for policy makersPlanning andnanagingnatural gas quply operationsare essentiad. However, only a
limited number of studiespecificallyaddresghe gas consumption of the industrial sectmth at the
national and global level he existing literature has mostly addressedctirapositedemand for ntral
gas and hous e h.dhidpager aime at dillingnghis gap in the literatuvée applied the
Kalman filter, a bayesianstructural statspace modelto a comprehensivelataset of the energy
consumption in Brazil and its industrial sectstained from theBrazilian Association of Piped Gas
Distributors The Kalman Filter is a simple economettignamicmodel,it acts as an efficient recursive
filter, which allows the adaptation of its parameters to each period, thus allowing a bettacydcu
demand projectionsWe based ouestimationson an extended version of the mod€he proposed
frameworkis innovativein the frameof natural gas consumptigmojections.

We evaluate the robustness of ¢hproposedrameworkcomparingt with two routinely adopted
methodsThe results of this work proved thiie Kalman filterdelivers a more accurapeojection of the
industrial natural gas consumption in the short terompared to the proposed benchmarkbe T
methodologysuggestedn this work allowsthe analysis ofime-varying parameterand may beaeadily
employed tabtaindemand projectiafor severabtherproductsandenergysectors
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1. Introduction

In the recent years,atural g@ashas gainedh significant rolein the Brazilian energy m&ix. The
primary consumerof gas is the industrial sectaaccounting forabout %% of the total natural gas
consumed in the countfyThe use of natural gas various industrieasboosedthe expansion of this
source of energy.

The inauguration of the BrazZBolivia gas pipeline (GASBOL)in July 1999 has been a
fundamental driver of the natural gas expansion in the last 15 years. Thavailigbility of gasallowed
the replacanent of other energ sourceswith natural gasBrazil aims at diversifying the povision of
energy and reducinigs dependencen oil to isolatefrom the impact of rising oil prices on the Brazilian
economy (Figure 1).

Figure 1:Market Share Evolutioof Natural Gas in th8razilian Energy Matrix
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In the past, atural gas was almosften reinjected, burt) or used on platformandland fields
due to the massive infrastructure invesin neededo exploit it (Almeida and Colomer, 2013).The
discovery of theCampos Basiin the’80sopened up a new horizon for the development of the natural
gas industrygeneratingnew incentives for theommercialtation ofthis source of energy.

Naturalgasis characterized by kigh calorific value goodenergy efficiencyand low leves of
pollutant emissionscompared toother energy sources. However, its primatisadvantage ishe low
caloric density or larggolume the same amountf energy occupies a volume aboy®d0 times higher
in the form of natural gathan in the form of petroleum (Pinto Jr. et al., 2016)

Natural gasaccounted for 4.2% dhetotal energy consumptian Brazil in the year 2008 With
the advent of GASBOL andhe developmentprograms implementedy the federal andlocal
governmentsthe share of natural gas increased @% ofthetotal energy consumption in 203%n the
period betweer2000and 2015 the national consumption of tu@al gasgrew by 6.7% ger annumwell
abovethe increasén theenergymatrix as a whole, which was 2.8%rmnnun(Figures 2 and R

1 BEN, 2016.
2 Ibidem.
3 Ibid.



Figure2: Energy Consumptiohy Sourcan theyear2000 (%)
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Figure3: Energy Consumptiohy Sourcen theyear2015(%)
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The primaryenergy consumer iBrazil is the industrial sector. This segmbat beemlecreasing
its consumptionshare in the last 15 years, hustill leadsin the useof energy, being responsible for

more than 32% otie totalnational consumption {§ures 4 and &



Figure4: Energy Consumptioby Segmenitn the year2000(%)
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Figure5: Energy Consumpdin by Segmentin the year2015(%)

COMMERCIAL
3,3%
PUBLIC
1,5%

Source:BEN (National Energy Balance2016

Theindustrial sector is also tHargestnatural gasonsumer in Brazjlwith a share of more than
50%' of the overall national consumption (§ures 6 and )7 This segmenplays a key role inthe
development ofatural gaslts stable demandhe almost absemariations in energy consumption, and
large volumegsonsumedllow the investmentn infrastructurs for the production and transportation of
natural gas (Almeidand Colomer, 2013), such gépeline retworks, transport through Liquefied Natural

* Ibid.



Gas (LNG) vesseJsand distribution througiCompessed Natural Gas (CN®&)ucks. The large volume

of natural gasconsumedin this segment enaldeand boots other consumptiorsectors like the
automotive and residentiglectors supplied by the gas pipeline network developed for the industrial
sector The energy consumption of tlredustry also allowsan increased energy consumptionother
sectorswhich guarantegyreater magins tothe natural gadistributors

Figure6: Natural Gas Consumptidsy Segmenin the year2000(%)

_ RESIDENTIAL
- 1,4%

_ COMMERCIAL/PUBLIC
TRANSPORT L%
3,9%

Source: BEN (National Energy Balance), 2016.

Figure7: Natural Gas Consumptidsy Segmenin the year2015(%)
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The breakdown of thindustry sectoby energysource shows thecreased relevance ohatural
gas between 2000 and 20@gures 8 and P Its sharegrew from 6.4% to 11.86,° replacingfirewood,
fuel oil, and coalamong othetraditional energy source3his development is linketb several factors,
such aghe strengtheningdf environmental restrictions #te national and local levelnd competitive
pricing policies agaist pdential energy substitutedn addition, local legislatios have begunto
encourage fuel exchangagrtially addressing theostof convertingthe existingequipmento natural gas
(Pinto Jr.et al., 2016).

Figure8: Industrial Energetic Consumptiam the year2000(%)
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Figure9: Industrial Energetic Consumptiam the year2015(%)

® Ibid.
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The consumptionof natural gas irthe Brazilian industryhasalso experienceca slowdownin
recent yeargFigure 10). The weak evolution of the Brazilian induatrsector influencedby local and
global issueshassignificantly affectedhe use ohatural gas (igure11).

FigurelO: Natural Gas Consumpticnindustrial Segment (Thousand m3/day)
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Figurell: Brazilian Industrial Production General Index
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Natural gas is a more environmentally friendly energy source compared to traditiels (fuel
oil, diesel oil, and coal, for exampleAssessinghe evolution ofthe demad for natural gasn the
Brazilian industryhas become increasingiyportantboth for operational aspects afor the evaluation
of sustainablanvestmens in logistics Due to both economic and environmental reasons, the supply
system capacitin Brazil is designed to be close to peak demand. Besides, due to limitiatithies gas
infrastructure, a great disequilibm between demanand supply mayot be compensatday shortterm
operationsAs a resultdemand and supply have to be matched by the sygpenator in advancé&hus,
energy demand is one of the key variables for projecting the capagitiye@ to ensure an appropriate
energy supply.

An analysis based on the projectiontloé shorttermsetup, which also recognizes the relevance
of longtemrm scenariosand a constant market monitoring are neededstimulatepublic policiesin
supportof natural gas consumptiomhe iemainderof this paper is organized as follows. In Section 2, we
introduce some commonly uséatecasing models andwe devebp ourpredictionmodel proposition. In
Section 3, wedescribe thekey variables, test our modeand discusgshe mainresults comparinghe
proposed mod e lwithstwo pther tfadittomaldraneworks Our concluding remarks and
policy suggestionare presented in Section 4

2. Methodology

2.1.Background

A large body of literaturehas focusedn forecashg modelsfor natural gas demandoldo
(2012)classifiad the existing literaturdased on the following criteria

- Years
- Applied area
o World level;



National level;

Regional level;

Gas distribution system level,
0 Individual customer level

- Forecasting horizan

O OO

0 Hourly;
o Daily;
0 Monthly;
o Annual;
o Combined
- Gas consumption data
0 Hourly;
o Daily;
0 Monthly;
o Annual.

- Forecasting tools

0 Hubbert model;
Grey model;
Stdistical modes;
Econometric mods]
Neural network model,;
Mathematical modsj
Combination model.

O O0OO0OO0OOo0OOo

The presentvork investigateshe most appropriate taofor the projection ofthe natural gas
demandn the industrial sectoiVe examined the related litgure starting from the studiesviewed by
Soldo (2012).

Wefound thatGr e y ' s camdeativithl incompleteinformation, butits estimationaccuracyis
low for random data sequerssandthe model oftemeedgo be combinedvith the Markov chain.

Ma andWu (2009) useds r e ynodal to forecast thproductionandconsumptiorof natural gas
in China from 2008 to 2015The authors combined the mods&lth the Markov chainto address
randomness ithe Chinesenatural gas datd he effectiveess of the propoddrameworkdecreasg with
the increase othe time horizonBo and Li (2016) employedG r e ynbdsl to forecastChinesegas
demand fom 2011to 2020,usingan improvedSelf-adapting Intelligent Grey Prediction Mod@&IGM),
and zhieval a better deviation sasure than other papers.

Several predicting frameworkshave been developed sincie '60s. As discussed bySoldo
(2012) Herbert et al. (1982proposed aegressionmodel toassesshe effects of somexplanatory
variables orthe natural gas demamaf theindustrial sectarThe sign a the coefficientsvasconsistent
with economic theorya higher temperaturés associated withhigher sales bysectorand ahigher
industrial natural gas consumptjomhile ahigher oil priceimplies a larger demand foatuil gas by the
industry.Besidesa higher natural gas pricgiggests lower demand for natural gas confirmedy the
negative sign wthis coefficient.

SancheandBerzosa (2007presenéda model to estimate theediumrunindustrial demand for
naturd gas in Spain (B years) with daily precision. Brproposedramework can deakith time series
characterized byoth annual and weekly seasonalithe foreast was obtained by the combination of

three different components: one that captures the trend of the time series, a seasonal component based on
the Linear Hinges Model, and a transitory component to estimate daily variations using explanatory

variables.

Artificial Neural Network(ANN) is a tool developed to mimic neural biological systems (such as
the human brain) and is composedsef/eralinterconnected elements, called nodules. Suykens. et al

(1996) usd ANN to estimate industrial and residential natgas consumption in Belgiurithe authors
comparecan OLS model witthe ANN modeland showedhe better deviatiorobtained by the latter.
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We also examinegarious econometric and mathematimodelsfor forecasting purposefNagy
(1996) estimated thenatual gas consumptiom Kuwait usinga partial adjustment@nometric model
estimated by OLS. All coefficient parameters had cohesgmsand were statistically significant at the
5% level The adjusted R? wasigh (0.996) The natural gas price coeffiai® was negative, but its low
value indicateshat the demand for natural gassaaelastic in the short term, & the income variable.
Khan (2015)lso compared a®LS and VAR analysis of theatural gas demarnd Pakistarand showed
that both shortrun and longrun price elastities are relatively low. Prices are inelastic for the
residential, transportation, commerciahd industrial sectors, while the elasiioif the power sectois
relatively high.

In Brazil, Braga (2014)propose a set oimodds for analyzing natural gas monetization studies
and longtermregionalplanning.Thefirst one isGEE-Matrix Model estimateghe industrial natural gas
potential under different price scenarios asubstitution conditions, takingqito accountthe enery
performanceThis model can be applidooth at the nationalandlocal level. Thesecond one isxdustrial
registercadastrenodelallows assessing thgotentialenergydemand atheindividual level in industries
thatrequirenatural gas and the resultan be aggregated by indysmnunicipality, state or region.

2.2.Proposed Methodology

In this article we introducea statespace modéebased orthe Kalmanfilter procedurgKalman,
1960)with a variation ofthe paraneters over time (Carlos, 2009). i$hmethodology wasdevelopedy
GomezandLegey(2015. One ofour objectives with the development of this woik to verify whether
the proposed model can outperfoothers in terms of forecast deviation.

The Kalmanfilter produces an estimate of thatst of the systerthat corresponds tan average
of the system’s predicted state and the new mea
calculatedusingthec ovar i ance, a measure of the estimated utl
stateand are introduced in the model because a low uncertainty produces more reliable estimates
(Harvey, 1990)

The result of the weighted average is a hew state estimate that lies between the predicted and the
measured state, and has a betimated uncertainty than either alone. This process is repeated at every
step, with the new estimate and its covariance informing the prediction usesl fimiltlwing iteration.

The Kalmanfilter works recursively and requires only the last estipratberthan the entire history of a
sy st e s tscalsulata & rew stafelarvey, 1990)

The Kalman filter is a Bayesiarmethod similar to a hidden Markov model where the latent
variables belong to a continuous space and have Gaussian distriblitieras simple econometric tool
that will help us analyze and forec#is¢ demand projectio(Hamilton, 1994)

We applied the procedure suggested by Johansen (i88B)e with the guidelines set out by
Enders (2004)The proposednethodology also enabled testest restricted versions of theintegrating
vectorsande st abl i sh the causality bet we e'ngatushliggtesmod el
(Granger, 1980XWooldrigde, 2002).

Five equations are estimated simultaneously by the Kalfiltar datespace algorithm: an
observatiofcorrectionequation andfour state/predictiorequatiors that demonstrate the evolution over
time of the parameters of the first equation.

The recursive estimation of the unknown parameter vector from the upuhdtethation
available at each point time, t, is obtainedthrough the Kalmarfilter equations. The statgpace
representation allows unobserved variables to be includédeimodeland estimated along with the
observable variables (DurbandKoopman, 201).

S

®Braga, Y.C.P., 2014. Dissertacdo de Mestrado: Uma andlise da Demanda de Gas Natural no Brasil: Uma
perspectiva metodoldgica. UFRJ, 2014. Programa désiPaiduacdo em Economia. Instituto de
Economia
" GEE: Grupo de Economia da Energia (Energy Economics Group)fFdRd.
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The estimation of the mod@bresented in the next sectjohas beemdaptedo the stegby-step
procedure suggested by Carlos et al. (2@G0®)to the analysis performed ByomezandLegey (2015)
as described below:

1) Check whether the time sesiare stationarysingunit-root tests;

2) If the series are nestationaryuse the Johanseointegration approach, as follows:

a) Specify the VAR model with the chosen variables, defining the optimal number of lags
with the help of an informatiorriterion, such ashe Max-EigenvalueTest or Trace Test

b) Using these lags, test for cointegration;

C) If the integrated variablesf order 1 showa cointegration relationship, thetheir
respective parameters corresponthirlongrun elasticity,

3) To test for the existence of predictive causality between the independent variables and

the dependent variablase the Grangarausalitytest. Thesefirst three steps are developed to ensure that
the variables are relevarare related to each othemdthe analysis is following a correct procedure

4) Specify the statespace modelvith the Kalman Filter proceduréHarvey, 1960)and
forecast a shoiterm scenarip

5) To testthe accuracy of the model projectignsse theMean Absolute Percentage Error
(MAPE) metric to measure owf-sample deviations betwegnedictionsand actual valuefrom the
proposed model and alternative forecast models.

3. Resultsand Discussion

In this work, weanalyze the Brazilian industnysing variablesharacterized by the flolwing
attributes reasonable, comprehensive, transpafent differentorigins, open to the publiand timely.
Two factors emerged as key drivers of the industrial natural gas consunmpBoazil: Expedition of
Corrugated Paperboaf®apeldq,? as pesented irFigure 12 and ONS Power Loa¢(CargaON$,° as
shown inFigure 13 Both indexesaffect theindustrial production and were used the Institute of
Applied Economic ResearciPEA) to prepareits Monthly Industrial Production Indicator. The firs
indicator is related tthe need for packagimgf various industrial products and the secanlinked tothe
pace oftheindustial activity. Bothindexesare releasedbout a month befotttie production indicator of
the Brazilian industry, published IBrazilian Institute of Geography and Statis{tBGE).

The use of these indexd®lps us deal withthe time gap beforethe announcement dhe
Brazilian Industrial Production. Wout these indicators, our projectionsuld suffer from an extreme
delay

Figurel2: Monthly Expedition of Boxes, Accessorjemd Plates (thousandng

8 Source: ABPO- Cardboard Brazilian Association of Corrugated Paperboard
° Source ONS- National Electric System Operator
12
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Figurel3: Average Electric Power Load, Brazil (MWed)
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Figure 14 reportghe dollar quotationwhich provides a partial representationtbé evolution of
the natural gas pricedNe use it as a proxy for natural gasce due to the lack of datan natural gas

consumer pricefCotadolap™®.

Figure14: Dollar Quotation (R$/US$)
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Source: BACEN (Brazilian Central Bank)

Tables1 and 2 reportthe results of the unit root testdDF Test Step 1} for the analyzed
variables and the results of tbeintegration testg§trace and maximum eigenvaltests,Step 3 with a
significance level of 5%All the testswere performedy the EViews software

Table1: Unit root estsfor theindependentariables (logarithmic transformatior)ADF Test

_ t-stat
Variable Optimal (Critical Values: value

Lag Length 5%: -2.867123 P

19:-3.463749

LPapelao 12 -1.141941 06977
LCargaONS 3 -1.303167 06281
LCotadolar 1 -1.730290 04144
LGNIndustrial 0 -2.991435* 0.0874

SourceAut hor ' s cal culEdews (Modeldnalgssut ed wi t h

9 Source BACEN (Brazilian Central Bank).
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*, ** and *** indicate statistical significance at the 10%, 5%, and|&¥%el, respectively

Table2: Results of tk JohansenointegrationprocedurgEquation 1)
Trace Test and Maximum Eigenvalue Test

Unrestricted Cointegration Rank Test (Trace)
Hypo‘tjheSIze Eigenvalue sgﬁiﬁc Critigé?\S/alue Prob.**
No. of CE(s)

None * 0.228073 58.60826 47.85613 0.0036
At most 1 0.099408 26.50905 29.79707 0.1142
At most 2 0.078702 13.52587 15.49471 0.0969

Trace test indicates 1 gotegrating egn(s) at the 0.05 level
Unrestricted Cointegration Rank Test (Maximum Eigenvalue)
Hypo;hesize Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Criticél Value Prob.**

None * 0.228073 32.09922 27.58434 0.0122
At most 1 0.099408 12.98317 21.13162 0.4538
At most 2 0.078702 10.16446 14.26460 0.2014

Max-eigenvalue test indicates 1-odegrating egn(s) at the 0.05 level

SourceAut hor ' s <cal culEdédws Modeldnalgssut ed wi t h
* ** and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.

Table 1 showsthe impossibilityto reject the hypothesisf a unit root inall series except the
natural gas series Table 2 indicatesthe presence obne cointegition vector between the model
variables both for the Trace test and for the maximweigervalue test suggesting a lonrterm
equilibrium between the log variableBapelao Expedition of Corrugated Paperboprd€argaONS
(Power Lad), Cotadolar (dollar quotatioh and GNindustrial (Industrial Natural Gas Consumptjon
“Thereforethe parameters of the five equatiaas be estimated through OLS

Based orthe unit root and cointegration tests, we try to evaltle&ranger'sausaity between
the model's variablgStep 3).Granger's causalitig a type of "predictive causality." Variable X is said to
Grangefrcause variable Mf past values of X help predict the present value ofT¥ie concept of
Granger's causality does namtcountfor any contemporary effects of one variable on anothable 3
showsthattheGr anger ' s ¢ au dalldrandtlye inbusttialwansumptidn lofaturalgasruns

in both directionsAnd we can also conclude that all variables, jointly, affect strial natural gas
variable.

Table3: Granger sausalitytest results
Dependent Variable: [LGNIndustrial)

Excluded Chi-sq df Prob.

15



D (LCotadolar) 1.034129 1 0.0013**
D (LPapelao) 0.869917 1 0.3510
D (LCargaONS) 0.073248 1 0.7867
All 1.099.622 3 0.0117*
Dependent Variable: D (LCotadolar)

Excluded Chi-sq df Prob.

D (LGNIndustrial) 3.885905 1 0.0487*
D (LPapelao) 5.327519 1 0.0210*

D (LCargaONS) 0.341298 1 0.5591
All 6.803248 3 0.0784

Dependent Variable: D (LPapelao)

Excluded Chi-sq df Prob.

D (LGNIndustrial) 4.467.004 1 0.0346+*
D (LCotadolay 3.956.836 1 0.0467*
D (LCargaONS) 0.201248 1 0.6537
All 1.198.729 3 0.0074+**

Dependent Variable: D (LCargaONS)

Excluded Chi-sq df Prob.
D (LGNIndustrial) 0.213501 1 0.6440
D (LCotadolar) 0.986767 1 0.3205
D (LPapelao) 1.699.699 1 0.000G**
All 1.922.297 3 0.0002**

SourceAut hor ' s <cal culEdédws Modeldnalgssut ed wi t h

* ** and *** indicate statistical significance at the 10%, and 1% level, respectively

The bagline modelproposedn this article(statespace modekith the Kalmanfilter procedure)

can be expressed as followgh alogarithmic transformatio(Step 3:

@signal Ignindustrial sv0 +sv1*Icotadolar + sv2*Ipapelao + sv3*Icargaons + [var =(ekp)]; eq.1

@state sv0 = svex);
@state sv1 = sviY);
@state sv2 = sv);
@state sv3 = sval).

eq.2
eq.3
eq.4
eg.5

The behavior of thparameters over time is shown iiglre 15 The analysis of theariation of
the parameters allows ue accountfor severalevents lhat may have affectethe behsior of the
variables. ONS powdpadis associated with thieighest volatility parameter among the three analyzed

16



in this study,probablydue to the substdial reduction in thendustrial productiorbetween 2008 and
2009,as a result othe subprime crisis in the United States

Figurel5: Behavior of the parameteo$ interestover time
2.0

1.5

1.0

0.5

0.0

-0.5

-1.0

—r 1 1 . T ] 1] ] T T T T T T T 17
05 06 o7 08 09 10 11 12 13 14 15

| — SVIF —— SV2F —— SV3F |
SourceAut hor ' ®nexezuted witlegigws (Model Analysis)

The data usefbr the analysi€over the period from January 2005 to June 26itEseExpedition
of Corrugated Paperboard datare not available before.

Table 4 reportghe final parametergor Equations 1 tb and their statistical significancall
parameters are significaat the 1% levelnd the sighsreas expectedlhe lcotadolar parameter (svl)
is negative as expected, since it reflébisprice response. The other parameters,(p&belag and sv3
Icargaong are positive and refletihe impact oincomeandactivity onnatural gas consumption

Table4: Final ParameteEstimatedor Equations 1o 5
State pace: SSKFEQ_VEC_C_LPAP_LONS
Method: Maximum likelihood (BHHH)

Sample: 2005M01 2015M06
Included observations: 126

Coefficien Std. Erro z-Statistic Prob
c(1) -5.51716; 0.10943( -50.4146( 0.000(
Final Stat Root MSE z-Statistic Prob
SVOo 4.283451" 0.60816( 7.04329: 0.000(

17



Sv1 -0.115943" 0.03673! -3.15580¢ 0.001¢

SV2 0.537593" 0.07968t 6.74635:! 0.000(

SV3 0.27474T 0.08025¢ 3.42329 0.000¢
Log likelihood 129.188. Akaike info criterion -2.03473:
Parameters 1 Schwarz criterion -2.01222:
Diffuse priors 4 HannanQuinn criteron -2.02558t
SourceAut hor ' s cal culEdéaws (Modeldnalgssut ed wi t h

*, ** and *** indicate statistical significance at the 10%, 5%, and 1% level, respectively.

To assess the validity dhe proposed motlewe compard its performance witlthe results of
two commoty used models over the same forecdsg period (July 2015 to June 2016). The first
benchmark isa naive AR (1)nodeland the seconi$ a cointegrationanalysiswith an Error Correction
Model with no time-varying parametes, assuggested by Johansen (1988§in line with the guidelines
by Enders (2004).

The Mean Absolute Percentage Err@WIAPE) measurs outof-sample deviations between
predictions and actual valuesrfthe proposed model aralternative forecast model$he greater the
value ofthe MAPE, the worse the accuracy of the forecasting vallles.resultsare as follows

U Naive AR(1) Modet 4,4%;
i Cointegration with Error Correction Model Wino timevarying paramets: 5,1%;
U Statespace modekith Kalman Filter ime-varying paramete)s3,3%.

Therefore, we can conclude tht#ie model proposed in this papdelivers better results
compared tdraditional models of analysis and demand forexagst

Table5: MAPE - AR (1)

AR (1)

Forecast Real R-F R-F/R ABS(R-F/R) | MAPE

(thousand (thousand (thousand

m3/day) m3/day) m3/day)
Juk15 27,683.73 | 27,638.09 | -45.64 -0.2% 0.2% 0.2%
Aug-15 27,625.65 27,465.34 | -160.31 -0.6% 0.6% 0.4%
Sepl5 27,569.90 | 27,615.98 | 46.08 0.2% 0.2% 0.3%
Oct-15 27,515.92 27,463.69 | -52.23 -0.2% 0.2% 0.3%
Nov-15 27,463.96 27,980.41 516.45 1.8% 1.8% 0.6%
Dec15 27,413.75 23,933.15 | -3,480.60 -14.5% 14.5% 2.9%
Janl6 27,365.54 | 25,025.49 | -2,340.06 -9.4% 9.4% 3.8%
Feb16 27,318.B 25,660.80 | -1,657.98 -6.5% 6.5% 4.2%
Mar-16 27,273.75 25,316.46 | -1,957.29 -71.7% 7.7% 4.6%
Apr-16 27,230.42 25,848.30 | -1,382.12 -5.3% 5.3% 4.6%
May-16 27,188.79 26,730.22 | -458.57 -1.7% 1.7% 4.4%
Junl6 27,148.31 28,558.22 1,40991 4.9% 4.9% 4.4%
SourceAut hor' s <cal culEdews Modeldnalgssut ed wi t h
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Table6: MAPE —VEC

VEC

Forecast Real R-F R-F/R ABS(R-F/R) | MAPE

(thousand (thousand (thousand

m3/day) m3/day) m3/day)
Juk15 27,667.67 27,638.09 | -29.59 -0.1% 0.1% 0.1%
Aug-15 27,701.17 27,465.34 | -235.84 -0.9% 0.9% 0.5%
Sepl5 27,705.88 27,615.98 | -89.90 -0.3% 0.3% 0.4%
Oct15 27,701.45 27,463.69 | -237.76 -0.9% 0.9% 0.5%
Nov-15 27,791.35 27,980.41 189.0r 0.7% 0.7% 0.6%
Dec15 27,726.67 23,933.15 | -3,793.51 -15.9% 15.9% 3.1%
Janl6 27,697.85 25,025.49 | -2,672.36 -10.7% 10.7% 4.2%
Feb16 27,729.16 25,660.80 | -2,068.36 -8.1% 8.1% 4.7%
Mar-16 27,776.07 25,316.46 | -2,459.61 -9.7% 9.7% 5.2%
Apr-16 27,798.85 25,848.30 | -1,950.55 -7.5% 7.5% 5.5%
May-16 27,834.74 26,730.22 | -1,104.52 -4.1% 4.1% 5.3%
Junl6 27,800.80 28,558.22 757.42 2.7% 2.7% 5.1%
SourceAut hor ' s <cal culEedws (Modeldnalgsisiut ed wi t h

Table7: MAPE - Statespacemodelwith the Kalman Filter Procedure

Kalman Filter

Forecast Real R-F R-F/R ABS(R-F/R) | MAPE

(thousand (thousand (thousand

m3/day) m3/day) m3/day)
Juk15 27,537.11 | 27,638.09 | 100.97 0.4% 0.4% 0.4%
Aug-15 27,379.50 | 27,465.34 | 85.83 0.3% 0.3% 0.3%
Seplb5 27,287.12 | 27,615.98 | 328.87 1.2% 1.2% 0.6%
Oct15 27,764.96 | 27,463.69 | -301.27 -1.1% 1.1% 0.7%
Nov-15 27,396.21 | 27,980.41 | 584.20 2.1% 2.1% 1.0%
Dec15 27,538.22 | 23933.15 | -3,605.06 -15.1% 15.1% 3.4%
Janl6 24,109.95 | 25,025.49 | 915.53 3.7% 3.7% 3.4%
Feb16 24,997.22 | 25,660.80 | 663.58 2.6% 2.6% 3.3%
Mar-16 25,926.48 | 25,316.46 | -610.02 -2.4% 2.4% 3.2%
Apr-16 25,659.78 | 25,848.30 | 188.52 0.7% 0.7% 2.9%
May-16 25,864.07 | 26,730.22 | 866.15 3.2% 3.2% 3.0%
Jun16 26,646.95 | 28,558.22 | 1,911.27 6.7% 6.7% 3.3%

SourceAut hor ' s cal culEdéaws (Modeldnalgssut ed wi t h

4. Conclusions

The main contribugn of this paper is applying a relatively straightforward methodology,
originally developed to answer a different research quespimject space rocket trajectorty, obtain
reliable $ort-run projections of the natural gas demand of the industriabrseEhe present analysis
recognizes the leading role of the industrial sector in the determination of the national gas demand in
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Brazil. Therefore, we tried to disentangle the industrial demand for natural gas, thus filling a gap in the
existing literature

This study show that the demand famatural gas is affected by three variables represettimg
fundamentalelements ofthe demand equationg “ pr i ce” a:nRhpeldoi(BExpeditiore 6f )
Corrugated Paperboard}argaONS(Power Load), andCotadolar (dollar quotation). We assessed the
role of these variables the evolution of natural gas consumption in the Brazilian industry.

The projections obtainethrough theproposed model allow us to reduite forecastingrrors
compared tahe standard methodogiesand therefore avoidincurring unnecessary cos#sdditionally,
in this work, all parameters from the equation are not fixed. They change along the periods. This
characteristic allows a fast adaptation of the model to market dynamics.

The time-varying valuesof the parameters and their volatilitiasalyzed throughhe Kalman
filter quantify the impact of changes in the evolutiontloé explanatory factors ro the natural gas
consumption othe Brazilian industrial seatoAt different periods, th parameters have different values,
what implies that they have different impacts at different periods. A variable can impact more or lesser at
different periods. And the Kalman Filter allows us to analyze this changing pattern along the time period.

The econometric model discussed in this paper is simple and flexilleallows fittingthe
dynamic context of energy supply inrapidly changingenvironment The results allow us to provide
meaningful insights for policy makers at different levels of #efation forthe energy development,
reducing the possibility of errors in the energy system planning.

Due to data limitations, our analysis only focuses on the Brazilian contexddition, the
variablesused in theproposed radel cannotcaptureall market dynamicsThe proposed methodology
could be extended todifferent countries using specific variableghat influence the natural gas
consumptionof their industrial sectoor other sements.Finally, this workproposesan econometric
frameworkthat can be easilgppliedto the aralysisof otherenergysources
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