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ABSTRACT

The aim of this article is to evaluate the viability of transporting Liquified Natural Gas
(LNG) by truck in the Mato Grosso (MT) state, Brazil, comparing the costs of substituting
other energy sources for the Bolivian Natural Gas (NG) and estimating the potential
available market in the five mesoregions of the state. The simulation results show a
potential NG market of 2.1 MMm3/day at a competitive cost compared to the assessed
fuels in the economic sectors evaluated in the MT state. LNG transported by road has
shown to be more advantageous than electric energy and diesel oil. On the other hand,
fuel oil costs were slightly lower than NG costs. This simulation can serve as inspiration
to extend the use of small-scale LNG by road in states or countries with similar
characteristics, especially those with the possibility of the constant supply of NG and
limited pipeline network.

RESUMO

O objetivo deste artigo é avaliar a viabilidade do transporte de Gas Natural Liquefeito
(GNL) por caminhdo no estado de Mato Grosso (MT), Brasil, comparando os custos de
substituicdo de outras fontes energéticas para o Gas Natural (GN) boliviano e estimando
o potencial mercado disponivel nas cinco mesoregides do estado. Os resultados do
estudo mostram que existe um mercado potencial de GN de 2,1 MMm3/dia a um custo
competitivo em comparagdo com os combustiveis avaliados. O GNL transportado por
estrada demonstrou ser mais vantajoso do que energia elétrica e diesel. Por outro lado,
os custos do 6leo combustivel foram ligeiramente mais baixos do que os custos do GN.
Esta simulagdo pode servir de inspiragdo para aumentar a utilizagdo do GNL em pequena
escala por estrada em estados ou paises com caracteristicas semelhantes,
especialmente aqueles com a possibilidade de fornecimento constante de GN e rede
limitada de gasodutos.

1. INTRODUCTION

Natural Gas (NG) is considered cleaner and an environmentally more acceptable power
generation option than other fossil fuels mainly due to lower greenhouse gas emissions
(Hekkert et al., 2005; Hondo, 2005; Kumar et al., 2011). For this reason, many authors have
studied NG as a “bridge fuel” or “transition fuel” to low carbon energy sources (Cathles, 2012;
Howarth, 2014; Levi, 2013). In some countries, mainly in developing countries as Brazil, NG has
been considered an energy security resource, which would allow countries to gradually change

TRANSPORTES | ISSN: 2237-1346 1



dos Santos Junior, D.S.; et al. Volume 29 | Ndmero 4 | 2021

their energy mix with the predominance of fossil sources (including oil and coal) to a so-called
more sustainable mix through the participation of renewable energy sources (Alexopoulos,
2017; Colombo et al,, 2016; Santos et al,, 2007; Zhang et al., 2016).

Also, NG has been considered a future sustainable energy source to decarbonise some
economic sectors (Safari et al., 2019). The low cost, high availability and low carbon emissions
of natural gas make this resource one of the main options for sustainable economic growth
(Alam et al., 2017). Therefore, it is important to delve deeper into how this NG expansion and
changes in the sectors could happen in Brazil.

In Brazil, the importance of NG in its energy mix has been growing exponentially in the last
30 years. In 2018, it corresponded to 13% of all primary energy sources available in the country,
behind only oil products and sugarcane products (EPE, 2019). In 2019, the sector that
consumed more NG in Brazil was the industry (28%), then there was the consumption in the oil
production wells reinjection process (25%) and thirdly the thermoelectric plants (20%) (MME,
2019a). NG is presently considered an important energy alternative for the automotive sector
and households (Cavalcante, 2004; Teixeira, 2015). In the next years, there is a trend of
increasing NG consumption in Brazil due to measures that make the NG market open, dynamic
and competitive, a governmental program called “New Gas Market” launched in 2019 (MME,
2019b).

One of the main milestones in the expansion of natural gas in Brazil was the agreement, in
1996, for the construction of the Bolivia-Brazil pipeline (GASBOL), whose construction was
completed in 1998, with the maximum capacity of transporting 30mcm/day (Garcia Kerdan et
al,, 2019). In 2018, NG imported from Bolivia was responsible for about 22,6% of NG offer in
the Brazilian market (ANP, 2019). However, given the expectation of an increase in the Brazilian
NG production from the fields in the Pre-salt polygon (Azevedo Filho et al., 2019; Cezario et al.,
2015; Costa et al,, 2016), there are still uncertainties regarding the NG volume coming from
Bolivia that will be necessary to supply the South and Southeast of the country in the next years.
Therefore, it is needed to evaluate alternatives for using Bolivian NG and consider new markets.

In order to ponder about potential markets for Bolivian NG, it is necessary to consider that
access to many consumption points requires less conventional logistic solutions, such as small-
scale production of Liquefied Natural Gas (LNG) and transport by road. Within this scenario,
the Brazilian state of Mato Grosso (MT) can be a potential market for some reasons: the state
borders Bolivia; there is a gas pipeline that connects Bolivia to the state capital (Cuiaba city),
which is idle. Due to the lack of a pipeline distribution network within the state of MT, there is
an opportunity to transport LNG produced on a small-scale by road for the interiorization of NG
in the state.

Within this strategic perspective, this article aims to evaluate the viability of transporting
LNG by truck in the MT state, Brazil, comparing the costs of substituting other energy sources
for the Bolivian NG and estimating the potential available market in the five mesoregions of the
state. The methodology approach is based on the cost estimation model, which quantifies all
the logistic costs involved in the LNG transportation through trucks (Fraga, 2019).

The paper is organized into the following sections. Section 2 discusses the transport by truck
of small-scale LNG in a wider context and the socio-economic features and energy consumption
in MT. Section 3 describes the methodology approach, and Section 4 presents the results,
analyzing the possibility of supplying the state of MT with Bolivian NG. Finally, Section 5 gives
the conclusions of this work.
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2. BACKGROUND
2.1. Transport by truck of small-scale Liquefied Natural Gas

NG can be liquefied if cooled to a temperature of 1632 Celsius negative and, when this happens,
the volume of NG, compared to that in normal conditions of pressure and temperature, is
reduced by approximately 600 times (Bittante et al., 2018; Kumar et al., 2011). This reduction
in storage volume and compression, maintaining the NG energy density, allows the LNG
transportation to be advantageous when long distances between the producer and the
consumer are involved and when there are absences of pipelines available for NG transportation
(Bittante et al., 2018). In addition, LNG can be transported by ships (Mokhatab et al., 2014),
trains (Liaw, 2019) and trucks (Mokhatab et al., 2014).

Following the global growth trend of the NG industry, LNG has also gained important space,
helping different regions of the globe to have access to NG and helping the gas industry
integration (BP, 2019). The main end-uses of LNG are heavy-duty vehicles; special trucks of
haulage companies; marine transportation; large logistic operators; generation of electricity in
thermal power plants; and industrial consumption in regions disconnected from the gas
pipeline network (Biscardini et al., 2017; dos Santos, 2002).

Small-scale Liquefied Natural Gas (SSLNG) is characterized according to the production
capacity of the liquefaction and regasification plants (IGU, 2015). To be considered as SSLNG,
this capacity corresponds to the range from 0.1 MTPA to 1 MTPA, which corresponds to 0.32 to
3.3 MMm3/day (IGU, 2015). The LNG integrated logistics chain consists of the liquefaction,
transportation, storage and regasification stages to reach the point of consumption.

To maintain its temperature at -1632 Celsius during transportation by truck, LNG is generally
transported in two types of tanks, called conventional tank and container. The main differences
are related to the volume capacity to be transported (20 m3 to 60 m3 in the first type and 32 m3
in the second). Furthermore, in the container type, it is possible to transport and interconnect
with different types of transportation modes, such as rail, ship and road (Fraga et al., 2017).

The interconnection of different means of transport is advantageous in cases where LNG
transport between a liquefaction plant and the end user can only be achieved via truck and/or
rail and/or waterway. It is also possible to design a cabotage ship/coastal transport from an
LNG terminal to different ports that access consumers or consumption routes (Alves et al,,
2005). In other words, the choice between conventional tank and container depends on the
logistical limitations of LNG circulation of each project and each location (Alves et al., 2005).

2.2. Socio-economic characteristics and energy consumption in Mato Grosso state

The state of MT is in the Midwest region of Brazil. It borders Bolivia and shares with this country
the characteristic of being landlocked and not using the sea to drain its internal production
(mainly agricultural) and to receive the required imported inputs, including energy (IBGE,
2019).

MT had an estimated population of 3.5 million people in 2019 and a territory of 903,000 km?2,
the third-largest Brazilian state (IBGE, 2019). The agricultural sector represents the main
engine of the MT economy, being responsible for approximately 51% of the state’s GDP (IMEA,
2019). Regarding the industry, the main segments in the state are food manufacturing, mainly
beef processing, and soybean oil and derivatives (Matsubara, 2016).
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Based on the state’s socio-economic and geographic characteristics, MT is divided into five
mesoregions. A brief description of the main socio-economic characteristics of these five
mesoregions is described in Table 1.

Table 1 - MT State Mesoregion Features

Mesoregion Population (mil) Municipalities  Main Features
- The largest and most important economic region of MT State (responsible for
36% of MT GDP);
- The largest MT State grain production (of the ten largest soy producing
municipalities in Brazil, the first four are located in this mesoregion:
Sorriso, Sapezal, Campo Novo do Parecis and Nova Mutum;
North 1,100 55 - Main agroindustrial groups: Amaggi and Scheffer
- It hosts the two largest cities of the State: Cuiaba (capital) and Varzea Grande;
- Main agribusiness groups: Coke Comp. and AmBev beverage industries;
South Central 1,000 17 Votorantim cement industry and BRF food group
- Local economic activity stands out for its agricultural and industrial,
highlighting Rondondpolis, an agro-industrial hub, which also has one of the
State's three rail terminals.
- Main agroindustrial groups: Bunge food multinational, Petrdpolis
Southeast 490 22 brewery and the agroindustrial group, Amaggi
- Highlight economic activity: extensive beef and dairy farming, agriculture and
mining
- Highlight in the extraction of gold diamonds from Brazil (87% of the national
production occurs in MT, and the extraction occurs mainly in this State region);
- Main business groups: JBS refrigerator, the Marfrig agricultural group and the
Southwest 306 22 mining company Apoema.
- It is considered the most lacking in socio-economic infrastructure;
- Municipalities separately distributed.
- Main economic activities in the region are the beef and pork processing
Northeast 275 25 sectors, including the presence of the JBS refrigeration group.

The total primary energy consumption of the state is equivalent to 5.0 MMtoe, corresponding
to about 2% of the total primary energy consumption in Brazil (EPE, 2019). In 2017, the main
energy sources consumed in the state of MT were: refined oil products (57%), biomass products
(28%) and electricity (15%) (NIEPE, 2017). In the refined oil products category, diesel oil was
the main fuel of this group (76%). The remaining 24% are composed of fuel oil, aviation
kerosene, LPG, gasoline and petroleum coke (NIEPE, 2017).

NG had a minimal share in the state’s total demand in 2016, with only 0.05% of all energy
consumption in the state. All the NG consumed in MT was imported from Bolivia through the
Lateral-Cuiaba gas pipeline and served mainly the industrial, transportation and electric power
generation sectors (NIEPE, 2017). The expansion of the NG share in the energy consumption
can be seen as an opportunity to diversify the consumption mix and improve the state’s energy
security, as well as a motivator for attracting investments for the expansion of the gas industry
in the region.

Regarding final energy uses, the transport sector is the largest energy consumer in MT,
corresponding to 48% of total demand in 2017. This demonstrates the logistic challenges
associated with a new economic frontier marked by large distances, a very dispersed
population and economic activity. The agricultural, industrial and residential sectors appear as
the second (15%), third (13%) and fourth (9%) largest consumers in the state (NIEPE, 2017).
Energy consumption was also analysed according to the consumption per mesoregions of MT
(Figure 1).
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Figure 1. MT Energy Consumption per mesoregion

According to Figure 1, the North and Southeast mesoregions are the most energy-consuming
regions of the MT state. The North region is the largest grain productor and the region’s most
economically important of the state, responsible for 36% of total MT GDP. The Southeast
mesoregion has strong industrial and agricultural sectors, using 25% of all electricity and diesel
consumed in the state of MT. The South central is the third energy consumer, accounting for
55% of state oil consumption. At last, the Northeast and Southwest are the lowest energy
consumers of the MT state.

3. METHODOLOGY

In order to assess the feasibility of using road transportation for the supply of LNG in a given
region, this article will carry out a modelling and a simulation, in which it will be examined the
possibility of supplying the state of MT with Bolivian NG. This logistic solution was considered
due to the availability of the Lateral-Cuiaba pipeline and is consistent with the energy supply
and demand characteristics of the MT state. This simulation evaluates a potential available
market in the five mesoregions of the MT state. Furthermore, given the absence of gas pipelines
for the transportation and distribution of NG in the other regions of the state, besides Cuiaba,
the study considers the liquefaction of Bolivian NG in Cuiaba and its transport to the other
regions by truck in liquefied form.

For that, a cost estimation model, developed by Fraga (2019), was used, which quantifies, in
the USD/MMBtu unit, all the logistic costs involved in the LNG transportation through trucks.
The costs obtained for the LNG supply chain were compared with the costs of fuel oil, diesel oil
and electricity, consumed in the agricultural, industrial and transport sectors in the state of MT
in 2018. The energy sources and economic activities were selected based on the relevance of
these sectors and the types of fuels shown in the energy balance of the MT state. The simulation
study had the following steps:

» Step 1: Collect primary data

» Step 2: Calculate routes from liquefaction plant to consumer point

» Step 3: Calculate potential energy substitution

» Step 4: Design and calculate the cost of liquefaction, storage and regasification plants
* Step 5: Build Total Cost NG+SSLNG (USD/MMBTU)

» Step 6: Calculate the differences between the cost obtained in (5) and Diesel, Fuel Oil and
Electricity cost

» Step 7: Georeference the results
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For the first step, data were collected on: energy consumption of the agricultural, industrial
and transport sectors in the five mesoregions of MT; consumer market in the five mesoregions
to understand in which cities the main agricultural and industrial consuming centers of fuel oil,
diesel and electricity are located; average costs practiced in the state of MT regarding fuel oil,
diesel and electricity, for the economic sectors studied.

In the second step, the centroids of each state mesoregion were defined based on the location
of the geographical center of each of the five mesoregions and the agricultural/industrial
clusters identified. LNG transport routes to these points were calculated using the road mesh
available in Openstreetmap, allowing delimiting the roads only on paved roads (Openstreetmap,
2018). The ArcGIS (Geographic Information System) tool was used to calculate the routes and
points of the centroids of each mesoregion. This calculation is important for the dimensioning
of the quantity of trucks, tanks demanded for the delivery of LNG and all other logistic costs
associated with the delivery. As a point of origin of LNG transportation, the city of Cuiaba was
considered, where there is already a city-gate located at the end point of the Lateral-Cuiaba Gas
Pipeline. In the economic model, it was considered the construction of a liquefaction plant near
this city-gate, and it was assumed that each truck supplied with LNG would depart from this
plant to the centers of the five mesoregions.

In the third step, the calculation of the potential volume of substitution of fuel oil, diesel oil
and electricity by NG was carried out from the methods described by Gallo (2018) and
Strapasson (2004).

Concerning the substitution potential of electricity by NG, obtained in Joules (P o t N Gjsel),
the equation is described as the product of total electricity consumption in Joules (C o n el), by
the substitution percentage of a certain sector (% su b s) and by the electricity yield (Yel),
divided by NG yield (Ync) (Gallo, 2018). This relationship is presented in Equation 1.

PotNGge = S20el” Y/N i”bs Yol (1)

Through Equation 1, it is possible to convert the given substitution potential from Joules to
the unit normal cubic meters (0°C and 1 atm) per day (P o t G N m3s) by applying a conversion
factor (CfJm3). This factor results from Bolivian NG's average superior calorific value, which
corresponds to 40 M]/m3. The factor of 1.092 converts the potential of normal cubic meters to
base condition (20°C and 1 atm), divided by the number of days of the year, resulting in the NG

replacement potential in m3/day, as shown in Equation 2.

POtNGigel /10%% 1.092
PotNG = e 2
m3s Cfjm3*365 ( )

Regarding fuel oil and diesel oil, the calculation of the NG substitution potential for a certain
sector (P ot G N jso), represented by Equation 3, is obtained by the product of total fuel oil
/diesel consumption (C o n 0) and its yields (YO), divided by NG yield (YNG). In order to obtain
the potential value of substitution in the unit m3/day, Equation 4, obtained in a similar way to
Equation 2, is adopted.

_ Cono * YO

PotNG]-So = Yne (3)
POtNGigo /10%% 1.092
PotNG3s = C]f]m3*365 (4)

Since Equations 1 and 3 require energy consumption in the Joule (]) unit as input data, the
following conversion factors related to the total consumption of electricity, diesel oil and fuel
oil are used: 1 MWh = 3,600 M]J; Heat output diesel oil: 36 M]/liter; Heat output fuel oil:
42 M]J/liter.
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Regarding the percentage of substitution of electricity and diesel oil by NG in the industry
and the agricultural activity, the values suggested by Gallo (2018), and Strapassono (2004) were
adopted, which establish the substitution percentages for different types of industry and for the
agricultural activity. In the present simulation study, the average percentage of the substitution
applied was 28%. For the agriculture sector, the authors consider a value of 60% as a
percentage of substitution of electricity and diesel oil for NG. Regarding fuel oil, the percentage
of substitution by NG has been set at 100% in the agricultural and industrial sectors. The
thermal end uses are compatible and susceptible of substitution by NG most of the time. On the
other hand, concerning the percent substitution of diesel oil by NG in the transport sector,
Mouette et al. (2019) suggest 10% as the volume of diesel oil to be substituted by NG in
transport vehicles (Mouette et al., 2019). The values of energy sources considered were also
adopted, as suggested by Gallo (2018) and Strapasson (2004). These values were incorporated
into the quantitative cost estimation model for obtaining the NG potential demand in the state
of MT for the economic sectors considered. The energy performance of the energy sources
studied are: Fuel Oil (70%); Diesel (70%), Electricity (78%) and Natural Gas (71%).

In this fourth step, the economic model for cost estimation is used to determine the costs,
per energy unit (USD/MMBtu), related to the LNG logistics chain on a small-scale, i.e.,
liquefaction, modal road movement, storage and regasification of the potential volumes of NG
estimated above. Therefore, such costs refer to the logistics of transformation and
transportation of NG, via LNG, from Cuiaba’s city gate to the centroid points of each mesoregion
in the state of MT.

For the economic model, to calculate the final LNG transportation costs for each of the 5 MT
mesoregions, it is necessary to calculate the inputs, which are formed by the costs of Capital
Expenditure (CAPEX) and Operational Expenditure (OPEX) of NG, Liquefaction, Transport and
Storage/Regas and by the expected Energy consumption, considering the MT Energy balance
and the potential substitution volume of NG. The model output is the Energy Cost
(in USD/MMBTU).

The results of the NG logistic cost were obtained considering a time horizon of 30 years,
equivalent to the average concession time of NG distributors in Brazil. In order to compare all
costs at present value, a minimum attractiveness rate corresponding to 10% p.a. represents the
weighted average cost of capital adequate to the basic interest rate in the country of 6.5% p.a
(BCB, n.d.).

In the fifth step, the cost of Bolivian NG and the taxes related to the movement of products
must be added to the total logistic costs. Using the methodology proposed by Fraga (2019), the
calculation of the total cost of Small-scale LNG movement is represented by Equation (5), which
is defined by the sum of the cost of LNG moved between Bolivia and the LNG delivery point in
Cuiaba, with the cost of the Small-scale LNG chain and with the taxes applied to the
transportation of goods.

IngTC = ngC + liqTC + transTC + storegTC + taxes (5)
were:
IngTC: total LNG handling costs
ngC: cost of Bolivian NG (molecule +transport) to the city of Cuiaba, via the

Lateral-Cuiaba gas pipeline
ligTC: cost of liquefying NG
transTC: cost of LNG transport by road
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storegTC: cost of LNG storage and regasification
Taxes: Program for Social Integration (PIS) (1.65%), Contribution to Social
Security Financing (COFINS) (7.6%) and Tax on Goods and Services
(ICMS) (15%).
Finally, the steps 6 and 7 are performed with the data obtained in the previous steps.

3.1. Primary Data Collection

The primary data collection on energy consumption of the five MT mesoregions' agricultural,
industrial and transport sectors was obtained from NIEPE (2017). Tables 2 shows the energy
consumption data for MT for each type of fuel analyzed in each of the five mesoregions and a
percentage comparison with the total energy consumption in MT.

Table 2 - MT State Diesel, Fuel Oil and Electricity Consumption for agriculture, industry and transport

MT State Diesel Consumption for agriculture, industry and transport (Diesel/'000 m3)

0, 0 0, 0, 0,
Tost:;t':” North A/l\t/l?rtal CS:nLitrZI A/l\t/l?rtal Southeast A/l\t/:?l_tal Southwest A/l\t/:?l_tal Northeast A/l\t/:?l_tal
Agriculture 726,1 384,8 53,0% 36,0 5% 134,5 18,5% 50,8 7,0% 120,0 16,5%
Transport 1872,8 570,0 30,4% 481,8 26% 559,2 29,9% 113,7 6,1% 148,1 7,9%
Industry 60,1 19,9 33,1% 20,3 34% 6,6 11,0% 12,8 21,3% 0,5 0,8%
Total 2659,0 974,7 36,7% 538,1 20% 700,3 26,3% 177,3 6,7% 268,6 10,1%
MT State Fuel Oil Consumption for agriculture and industry (Fuel Oil/'000 m3)
0, 0, 0, 0, 0,
Tost:;t':” North A/l\t/lc;_tal CS:nuttrZI A/l\t/lc;_tal Southeast A/l\t/?l_tal Southwest A/l\t/?l_tal Northeast A/l\t/?l_tal
Agriculture 1,4 1,1 78,6% 0,0 0,0% 0,3 21,4% 0,0 0,0% 0,0 0,0%
Industry 1,7 0,0 0,0% 1,7 100,0% 0,0 0,0% 0,0 0,0% 0,0 0,0%
Total 1,1 1,1 35,5% 1,7 54,8% 0,3 9,7% 0,0 0,0% 0,0 0,0%
MT State Fuel Electricity for agriculture and industry (Electricity/GWh)
0, 0, 0, 0, 0,
To::;t':” North A/'\tﬂcfrtal (?S:nuttrzl A/'\tﬂcfrtal Southeast A/l\t/?l_tal Southwest A/l\t/?l_tal Northeast A/l\t/?l_tal
Agriculture 937,6 462,8 49,4% 73,0 7,8% 227,4 24,3% 89,5 9,5% 84,9 9,1%
Industry 2377,5 748,8 31,5% 545,1 22,9% 616,3 25,9% 365,0 15,4% 102,3 4,3%
Total 3315,1 1211,6 36,5% 618,1 18,6% 843,7 25,5% 454,5 13,7% 187,2 5,6%

The analysis of the table shows that the North region is the largest consumer of diesel oil and
electricity in the economic activities indicated. In the agricultural sector, the region demands
53% of all diesel oil, 78% of fuel oil and approximately 50% of all electric energy consumed in
the whole state for that sector. This region is the largest grain producer in the state explains the
high energy consumption in the agricultural sector.

The Mesoregion Centre-South is responsible for the consumption of 100% of fuel oil and 34%
of diesel oil demanded in the industrial sector concerning the other regions of the state of MT.
As previously mentioned, this region stands out among the different areas of the state due to
the presence of several industries.

The Southeast mesoregion presents a well-distributed energy consumption of diesel oil and
electricity in the evaluated economic sectors. Fuel oil consumption is practically nonexistent in
this mesoregion, and the greater prominence refers to diesel oil used in the transport sector.
The region is responsible for 30% of all consumption of the state in that sector.

The Southwest region, which stands out for its mineral activity, consumes more energy in the
industrial sector. This region is responsible for demanding 20% of all the diesel oil in the state
of MT used for industry. On the other hand, the consumption of fuel oil in the agricultural and
industrial sectors is nonexistent.
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The Northeast is the region with the lowest energy consumption in the entire state of MT
because it is the area with the greatest socio-economic disadvantage.

Data collection about the mesoregions' consumer market occurred to define in which cities
the main agricultural and industrial consuming centers of fuel oil, diesel and electricity were
located. This information served as a reference for choosing a centroid in each of the
five mesoregions that could represent a centralized consumption point of the analyzed energy
sources.

The average costs of fuel oil, diesel, and electric power in the state of MT were collected from
the economic sectors studied.

Regarding the costs referring to fuel oil and diesel oil, the average values practiced in Brazil
corresponds to R$ 286 and R$ 368, respectively (MME, 2019c). Using the conversion factors for
NG (Naval, 2009) and exchange rate conversions, the final prices for fuel oil and diesel oil
correspond to 13.11 USD/MMBtu and 27.93 USD/MMBtu (MME, 2019c).

The electricity cost data applied to agriculture and industry were obtained from the
Federation of Industries of the State of Rio de Janeiro (Firjan, 2017), and also transformed into
USD/MMBtu through the same references cited in the previous paragraph for energy unit
conversion and exchange rate conversion. Thus, the value of USD 27.93/MMBtu was obtained
for the cost of electricity practiced in the MT.

The cost of NG imported from Bolivia corresponds to 7.766 USD/MMBtu (MME, 2019a). This
value is formed by the sum of costs relative to the gas molecule and the transport costs in the
Lateral-Cuiaba gas pipeline between Bolivia and the Cuiaba city-gate (MME, 2019a).

4. RESULTS
4.1. Calculation of routes from the liquefaction plant to the consumer points

Using the parameters described in the methodology, five routes were defined, which were
calculated between the liquefaction plant of Cuiabd and the centroids of the mesoregions.
The routes between the assumed liquefaction plant in Cuiaba city-gate and the centroids of the
five areas of the state are demonstrated through lines in Figures 2 and 3.

4.2. Calculation of the potential for substitution of diesel oil, fuel oil and electricity by NG
in mesoregions

By inserting the energy consumption data of the five mesoregions of the MT state (supplied in
Table 2) and the percentage of substitution of electricity, diesel oil and fuel oil by NG in the
Equations 1 to 4, described in the methodology, one obtains a theoretical potential volume of
NG consumption in the agricultural, industrial and transport sectors in each of the five
mesoregions of the state. As a result of this application, the theoretical aggregate demand was
calculated at 2,083 MMm3/day.

Table 3 presents this volume segregated by the five mesoregions of the state of MT, the type
of energy source for which NG has the potential of substitution and by the three economic
activities evaluated.

As can be observed in Table 3, the North mesoregion, since it is the most developed region
and the one that presents the largest energy consumption, emerges as the region that offers the
largest NG consumption potential, corresponding to 0.93 MMm?3/day (or 45% of the estimated
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theoretical potential demand). The Southeast Mesoregion presents the second-largest potential
demand, responsible for 22% of the total estimated consumption for the state.

Table 3 - Total NG substitution potential in MT

Replacement by Natural Gas (m3/dia)

Mesoregion Fuel Oil at Diesel at Electricity at Dieselat  Fuel Oil at Diesel at Electricity at
. . . . X . Total
industry industry  industry Transport Agriculture Agriculture Agriculture
South 5.031 15.007 45.664 128.467 57.537 13.257 264.963
Center -
Northeast - 349 8.564 39.490 - 192.040 15.361 255.804
North - 14.745 62.676 151.670 3.458 615.548 83.750 931.847
Southeast - 4.799 51.581 149.092 943 215.244 41.244 462.903
Southwest - 9.510 30.559 30.309 - 81.306 16.203 167.887
Total 5.031 44.410 199.044 499.028 4.401 1.161.675 169.815 2.083.404

The Mesoregions Center South and Northeast have both potential demands equivalent to
12% of the total estimated potential consumption for the state. However, the Northeast
mesoregion presents the smallest potential consumption of NG in the entire state of MT to
absorb 8% of the total identified demand.

4.3. Design and calculation cost of liquefaction, storage and regasification plants

Table 4 presents the estimated costs for LNG (in USD/MMBtu) for each mesoregion of MT state,
obtained from the economic model and disaggregated values in liquefaction stages LNG
transport and storage and regasification.

The distances to be covered are central to the definition of the competitiveness of NG. Thus,
the LNG movement cost (excluding the NG cost) represents only 5% of the total logistic cost in
the South-Central region. However, this percentage jumps to 27% for supplying the North
Mesoregion, which presents more favorable replaceable energy sources.

4.4. Calculation of the total cost of NG + Small-Scale LNG, comparison with other energy
sources and georeferencing the results

In step 5, the total costs of NG and LNG Logistics were calculated, considering the equation
presented in the methodology. Table 4 shows the results obtained regarding the cost difference
in the substitution of fuels by NG evaluated in this study (step 6).

Table 4 - Difference of costs between NG consumption in substitution of the other fuels studied

Costs of NG + LNG Logistics Energetics Costs Cost Gap
Mesoregion (USD/MMBTU) (USD/MMBTU) (USI-)/MM?TU) '
GN Liquefaction Transport Storage and Total Cf)sF Electr. Dlersel Fu_el Electr. Diesel Oil Fuel Oil
Regas. LNG Logistics Oil Oil -LNG -LNG -LNG
South Center | 7,77 3,79 1,97 0,31 13,84 27,93 30,48 13,11 | 14,09 16,64 -0,73
Northeast 7,77 3,79 2,04 1,94 15,54 27,93 30,48 n.a 12,39 14,94 n.a
North 7,77 3,79 0,61 1,63 13,80 27,93 30,48 13,11 | 14,13 16,68 -0,69
Southeast 7,77 3,79 1,15 0,67 13,38 27,93 30,48 13,11 | 14,55 17,10 -0,27
Southwest 7,77 3,79 3,07 1,63 16,26 27,93 30,48 n.a 11,67 14,22 n.a
Mean 7,77 3,79 1,77 1,24 14,57 27,93 30,48 13,11 | 13,36 15,91 -1,46

Regarding electricity, it is possible to verify from Table 4 that the cost of delivering NG
through LNG is lower than the cost of using electricity in industry and the agricultural sector in
the five mesoregions of the state of MT. The average cost of electricity in MT corresponds to
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USD 28.0/MMBtu for industry and agriculture. In contrast, the average cost of using NG
transported as LNG corresponds to USD 14.6/MMBtu in the same economic sectors. Therefore,
NG's substitution in the agricultural and industrial sectors would result in an economy of 52%
for the final user of the two sectors evaluated.

In order to represent the cost discrepancy between NG use and electricity use, Figure 2
illustrates this cost difference in the five mesoregions evaluated, where the darker the
mesoregion is, the larger is the difference between the costs of substituting electric energy by
NG and, therefore, the greater is the competitiveness of this displacement.

Legend:
O GNL Source

[ | GNL Destination

= Calculated Route

—— NG Pipeline

Electricity (USD/MMBtu) - SSLNG @10%:
[ 11.67-12.39

[ 1413-14.00
1455

Figure 2. Intensity of cost differences between LNG and electricity between the mesoregions state of MT. Note: Image
merely illustrative. The calculated routes considered the paved roads between the potential liquefaction plant
(located in Cuiabd) and the five centroid points in each mesoregion for the simulation.

The Southeast Mesoregion, which stands out both for its agricultural and industrial activities,
presents the largest cost difference in the state: 14.54 USD /MMBtu in favor of NG. The North
mesoregion is responsible for consuming half of the electricity for the agriculture sector and is
the largest consumer of this energy source in the industry makes the cost difference in
substitution by NG slightly lower (14.15 USD/MMBtu) relative to the Southeast. Furthermore,
the difference of distances between Cuiaba’s city-gate and the centroids of the two mesoregions
favored the Southeast's slight competitiveness compared to the North.

The cost difference in replacing it with NG was also positive in all five mesoregions of the MT
state regarding diesel oil. The cost of diesel oil in the agriculture and husbandry, industrial and
transport sectors corresponds to USD 30.5/MMBtu. The cost of NG consumption in the same
activities is equivalent to an average value of USD 16.0/MMBtu in the five mesoregions.
The substitution of diesel oil by NG would represent a 48% reduction of the energy cost in the
three economic sectors of the state.

As it happens in the substitution of electricity by NG, the differences observed in the costs
for the five mesoregions are similar when diesel oil is replaced by NG, being differentiated by
transport costs (mainly due to the distance between the liquefaction plant and the centroids of
each mesoregion) and by storage and regasification costs that are directly proportional to the
LNG transported volumes.

Again, the Southeast and North were the most competitive mesoregions of the state for
the diesel replacement for NG, presenting a cost discrepancy of 17.1 USD/MMBtu for the
Southeast and 16.7 USD/MMBTU North in favor of NG, which represents an economic of
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approximately 45%. Figure 3 illustrates the cost differences observed in the 5 mesoregions of
MT for this substitution.

Finally, the substitution of fuel oil by NG in the agricultural and industrial sectors shows that
the cost of fuel oil is slightly lower than the cost of NG, corresponding to an average of USD
0.56/MMBtu in favor of fuel oil. The average price of fuel oil in the MT state, equivalent to 13.1
USD/MMBty, is lower than the cost of NG transportation, via LNG to the MT state (14.6
USD/MMBtu). The Northeast and Southwest regions, due to the absence of fuel oil consumption
in the Energy Balance of the MT state in their agricultural and industrial activities, were
excluded from this comparison.

Legend:
o GNL Source

D GNL Destination
= Calculated Route
== NG Pipeline
Diesel (USD/MMBtu) - SSLNG @10%:
[ 14.22-14.94
[ 16.64-16.68
Hl s

Figure 3. Intensity of cost differences between NG and diesel oil between the MT state mesoregions. Note: Image merely
illustrative. The calculated routes considered the paved roads between the potential liquefaction plant (located
in Cuiabd) and the five centroid points in each mesoregion for the simulation.

5. CONCLUSION

The GASBOL is one of the largest energy integration projects in the South American continent
and a milestone in commercial and geopolitical relations between Brazil and Bolivia. The
closeness to Bolivia and the availability of a pipeline connecting the two countries operating
with high idleness are strong elements of the attractiveness of Bolivian NG in the state of MT,
despite the absence of a robust pipeline network within the state. Besides the factors
mentioned, the agricultural power present in MT, with a potential for growth in demand, is an
additional motivator for developing the present simulation scenarios. It is an economic frontier
region that presents economic wealth growth equivalent to that observed in the main emerging
countries of the planet.

The use of a quantitative model for estimating LNG production and transport costs on a
small-scale made it possible to obtain the total costs of LNG transport by truck and individualize
for each one of the five mesoregions of the MT state. The simulation sought to compare it to the
consumption costs of diesel, fuel oil and electricity used in agricultural, industrial, and
transportation fields on those mesoregions. The estimation of these costs allows evaluating the
competitiveness of Bolivian natural gas as an alternative to other energy sources consumed in
the state.

The simulation identified a potential demand of 2.01 MMm3/day of NG and identified a 15
USD/MMBtu average cost to transport it by LNG to those five mesoregions of Mato Grosso state.
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The difference between the costs of using NG to replace electricity in agricultural and industrial
sectors was USD 13/MMBtu average in favor of the NG. When the replacement of diesel by NG
was assessed in the agricultural, industrial, and transportation sector, this paper showed a
difference of 16 USD/MMBtu average also in favor of the NG.

In the simulation in which NG replaces fuel oil in agricultural and industrial sectors, the
difference cost between the two energy sources was irrelevant. The cost of fuel oil consumption
was slightly lower than the cost of using NG transported via LNG. (0.56 USD/MMBtu in favor of
fuel oil).

The study has some limitations, such as the assumption, for simulation purposes, that the
centroids of the mesoregions concentrate all of the state's energy consumption for the
agricultural, industrial, and transportation sectors. Although this premise contributes to the
initial evaluation of the substitution of some fossil fuels for natural gas, the authors suggest that,
for future studies, the identification of specific consumption points throughout the state of MT,
so that, in the simulation, each point receives the volume necessary for its demand.

Although more sophisticated models need to be elaborated, the results presented here show,
without question, the competitiveness of LNG in all the mesoregions of the MT state. It can be
verified that the combination of a larger NG consumption potential and a smaller distance
relative to Cuiabd’s city-gate allows lower logistic costs for LNG and even larger gains for local
consumers in energy strategies with a larger participation of Bolivian NG. As a matter of fact,
this result is not completely surprising since such a situation replicates what is already
observed regarding the greater competitiveness of Bolivian NG in the markets served by
GASBOL in the South and Southeast regions of Brazil.

With regard to sustainability aspects, despite not being the focus of this study, the
competitiveness of LNG with diesel and oil found in the simulation indicates the potential of
LNG to reduce carbon emissions without increasing costs for the sectors studied. However, to
understand the implication of these results for the reduction of GHG emissions, other aspects
need to be analyzed, such as the emissions of the trucks (possibly powered with diesel fuel)
transporting LNG from the Cuiaba city-gate to the consumption sites. Thus, research focused on
this issue needs to be conducted to compare the carbon footprint of this energy source change
with the current ones.

The prospect of economic growth in any nation is directly related to an energy supply to
support the transportation and production sectors. In this sense, South America has an
abundance and diversity of energy resources. Both Bolivia and Brazil have a privileged
geographical location for a broad energy integration in the continent, considering alternatives
means of transportation.
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