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Abstract: This study describes a model to calculate energy consumption and
CO, emissions into the atmosphere by the road transport sector in Argentina
from 1960 to 2050. The model analyses different mitigation scenarios to
determine effective options to produce a sensitive decrease in carbon
emissions. The results of this study show that by reducing the use of private
vehicles while increasing the use of public transport, combined with a high rate
of conversion of gasoline vehicles into hybrid electric vehicles, CO, emissions
could be reduced up to 9% (or 7.7 Tg). However, without further technological
improvements and higher modal transfer to low carbon/less energy-intensive
modes, it will be difficult to obtain emission stabilisation of transport emissions
under 80 Tg by 2050, which represent approximately twice the current values.
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1 Introduction

In recent decades, the rapid growth of traffic, industry and energy consumption
worldwide has contributed to increasing air pollution, noise and emissions of greenhouse
gases (GHGs). In Latin America (and Argentina), transportation problems arising
from this rapid urbanisation have increased motorisation, traffic jams and accidents to
the detriment of public and non-motorised transport (i.e., walking and biking). Mobility
and accessibility are strongly related to economic growth and personal freedoms;
therefore, any mitigation strategies suggested should take into account a realistic
framework of current mobility needs. A literature review on transportation and
mitigation shows controversy about the effectiveness of increasing mass transit
transportation systems (Litman, 2007; Hensher, 2007; Poudenx, 2008; Bouf and
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Hensher; 2007). Some scholars (O’Toole, 2004; Stopher, 2004; Taylor, 2004,
Winston and Maheshri, 2007) point out that in developed countries, including Europe
and the USA, mass transportation systems have systematically failed for several
reasons, including growing state grants for maintaining the system in operation and
decreasing modal share over the use of private cars. Suburban rail systems,
streetcars, subways, LRT and BRT have only provided greater access to public transport
to low-income and non-motorised sectors, but have not resulted in new mass transit
users. Despite the strong education and awareness campaigns promoting social
and environmental benefits of public transport use, and the increasing car tax
burden, private car users hardly leave their vehicles (seen as private goods) in order to
use public transport (seen as a public and social good). Although Latin American cities
face similar problems, there might still be some opportunities for low carbon
transportation options.

In this study, we developed a top-down model to calculate fuel consumption and CO,
emissions into the atmosphere by the road transport sector (TS) in Argentina. We
followed a similar approach to that presented in Hao et al. (2011), which describes
options of GHG emissions mitigation for the passenger vehicle fleet, and in Hao et al.
(2012), which evaluates the CO, emissions of the on-road truck sector, both in China.
Other related emissions transport models in the literature are described in Yan and
Crookes (2009), and Bastani et al. (2012).

The model here proposed is set to test several mitigation scenarios for years 2010 to
2050. The main purpose of this study is to provide an answer to the following questions:
Which is the most effective subsector to produce a sensitive mitigation policy for
Argentina? What are the windows of opportunity to stabilise and reduce CO, emissions?
Will technological changes produce their own stabilisation of CO, emissions within the
period of the model? The methodology applied and the analysis developed in this study in
connection with Argentina is easily applicable to other developing countries undergoing
rapid development.

2 Materials and methods

We performed an updated GHG emissions inventory of the TS in Argentina from
year 1960 to 2010. A model was developed to analyse future trends of energy
demand and GHG emissions in the road TS of Argentina up to year 2050, considering
several possible national strategies (Argentina, 2007). Emissions were calculated
based on an activity approach, and calibrated against historical records of fuel
sales, vehicle registration, freight and public transport data. A Monte Carlo sensitivity
analysis was also performed to evaluate the effect of parameter uncertainties on the
model results.

2.1 Model structure

The amount of CO, emitted into the atmosphere by the TS is directly proportional to the
fuel consumption of motor vehicles and the carbon content of each fuel (IPCC, 2007).
Although Energy State Agencies generally keep records on fuel sales, they do not usually
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collect information regarding vehicle fuel consumption and efficiencies by fuel type.
Therefore, other transportation indexes are used in GHG accounting, such as vehicle
kilometres travelled (VKT) for motor vehicles, person kilometres travelled (PKT) for
transit modes, or transported ton-kilometre for freight (TKT). This information is
used in the so-called ASIF methodology (Schipper et al., 2000), which combines
activity A(j, n, y) like VKT, PKT and TKT for year y, mode n and fuel type j; modal
structure: S(n) or shares by mode, with modal energy Intensity I(n) and a fuel emission
factor F(j):

C(y)=zy[A(j,n, P)xS(m)x 1(m)x F(j)] )

where C (g/year) is the total (annual) emission of carbon dioxide at year y for all types of
fuels j considered. The modal energy intensity /(1) represents energy use for each mode n
(i.e., MlJ/passenger-km or MlJ/ton-km). F(j) (g/MJ) is the carbon content for each
particular fuel. The product 4 x S x [ will give the energy consumption £ by fuel, mode
and activity (i.e., energy from diesel fuel consumed by buses in public transportation).
Emissions of other GHG gases are typically reported in terms of CO, equivalent to
provide a common unit of measure.

Road transport calculations per sector activity were divided into three main modes:
VKT for private cars, PKT for public transportation and TKT for freight modes.
These activity modes correlate with two main national variables: population (P) and
gross domestic product (GDP). Figure 1 shows the data for population and GDP for
Argentina for years 1960 to 2010; and Figure 2 shows the strong connection between the
per capita GDP and the motorisation rate, expressed in number of vehicles per 1,000
inhabitants.

Figure 1 Main drivers in Argentina TS: population (million inhabitants) and GDP billion USD
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Figure 2 Main drivers in Argentina TS: per capita GDP (USD) and motorisation rate (vehicles
per 1,000 inhabitants)
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2.2 Characteristics of the on road vehicle fleet

Vehicle fleet data in Argentina are organised in several groups: light passenger cars
(LPC), commercial light duty-load vehicles (CLD < 2 tons); light-duty truck
(LDT < 2 tons); medium-duty truck (MDT < 4 tons); semi-trailer towing-truck
(SST < 20 tons); heavy-duty truck (HDT >20 tons); gasoline medium-duty truck
(GMDT < 4 tons) and buses. With regard to fuel type, LPC and CLD use gasoline,
natural compressed gas (NCG for vehicles) and diesel; MDT uses mainly diesel, but a
small proportion use gasoline; HDT, SST and buses use mainly diesel. LPC and LDC are
further subdivided into private cars and taxis based on their use. For the calculation of
scenarios, we also included hybrid electric vehicles (HEV).

The active annual fleet V' (number of vehicles) is calculated as a function of the GDP
G and population P (Figure 3). New vehicles NV at year y are calculated as follows:

N = () =adS a4 b)

where a; = 40 veh./million USD and a, = 400 veh./thousand inhabitants. Total
accumulated vehicles V(y) at year y is the sum of registered vehicles at year V(y — 1) plus
new vehicles NV(y) minus scrapped vehicles SV(y):

Y=Y @+ NV () - SV () 3)

The distribution of vehicle age in a given vehicle fleet is important for the calculation of
fuel consumption in the fleet (Figure 4). Each year, a new cohort of vehicles will enter
the active fleet, and that cohort is defined by its fuel efficiency and a mix of fuels. Also,
each year, a fraction of the fleet is deregistered. The survival probability rate B
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(SV =1 — B) follows a Weibull’s distribution (with coefficients by, b, and b5 in Table 1)
as per Mobile6 (2001); 7=y — y,, y being the present year; y,, a past reference year and £,
the vehicle class as defined above.

by
B(y,t, k)= - 4
(v, 7, k) {blxem( sz} 4

Figure 3 Changes in GDP (black line) compared to new vehicle registrations (grey line with
circles) for Argentina (1960-2010)
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Figure 4 Distribution of the active vehicle fleet age for Argentina in 2010
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A fraction Z of the fleet corresponds to vehicles with fuel or technology j: gasoline,
diesel, NCG, hybrid, biodiesel or any new vehicle technology. The share of each
technology is introduced in the model by:

Vv, N=V()xZ()) (&)

where V(y, j) is the amount of vehicles at year y, with technology or fuel j. The market
share Z (%) of technology j is calculated by solving the logistic diffusion equation
generalised for all technologies (Bass, 1969):

LN =aDZD(=F, 20) i =1 i) ©)

where (¢Z) are the adopters of the technology j, and (1 - ZZ ) are the yet non-adopters,

which include all other alternative technologies i (Table 1 and Figure 5). In the model, a
fraction of LPC is converted from gasoline into NCG following a market-share
penetration scheme. A similar scheme is followed for HEV.

Figure S Vehicular market share (data: symbols; and model: lines) for Argentine vehicles
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Notes: Data (symbols: circle. gasoline vehicles —GV-; triangles diesel vehicles —-DV-;
diamonds: natural compressed gas vehicles — NCGV) from 1960 to 2010; model
(lines: continuous black: GV; discontinuous lines: DV, dotted lines: NCGV) from
1960 to 2050 (see also Table 1).

Annual mobility M is estimated for each cohort year and for each type of vehicle and fuel
following the variations in GDP:
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M(j, k, y)=asG(y) +aq O]

where a; and a4 are vehicle and fuel dependent (i.e., a3 = 5 km/USD year, a, = 10,000 km
for private gasoline cars: PGC). Diesel and NCG car activity was 25% higher than PGC.
Taxis had four times as much activity as PGC, and commercial light duty vehicles had
twice as high activity as PGC. Mobility decreases for older vehicles following a 0.1%
annual reduction rate.

Figure 6 Evolution and projected fuel economy of Argentine passenger vehicles
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Argentine gasoline consumption rate based on 13,000 annual km per vehicle; grey
line with black diamonds: estimated Argentine NCG consumption rate based on
13,000 annual km per vehicle; black line with grey circles: US passenger fleet fuel
consumption.

Fuel efficiency evolution and its corresponding emission factors are presented in
Figures 6 and 7, respectively. Data from 1975 to 2009 are taken from EPA (2009),
NHTSA (2014) and also compared with Bastani et al. (2012). Fuel efficiency L is
calculated using a generalised logistic function, which takes two different slopes of
technological fuel economy improvements into account: 1960 to 2000 and 2000 to 2050.
During the first period, there was a substantial improvement in efficiencies and size of
engines. However, as new features were incorporated into vehicles (e.g., air conditioning,
safety, comfort, 4 x 4 wheel drive), there was an increase in energy consumption, thus
decreasing the fuel/emissions efficiencies of cars.
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where L (m*/100 km or litres/100 km) is the fuel consumed by a vehicle in 100 km (see
Table 1 for corresponding coefficient values).

Figure 7 Evolution and projected carbon equivalent emission factors for Argentine passenger
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Notes: Lines: continuous black: gasoline; grey line diesel: discontinuous lines: NCG;
dotted lines: hybrid vehicles.

Table 1 Fuel and vehicle parameters

Market share

Fuel economy

Fuel parameters Energy Survival
type s intensity parameters

[nitial Growth Model parameters

value

VA q TJ/m? as(*) as a; ag ag b, b, b;
Gasoline 0.8 0.3 0.0318 28 0.009 0.25 0.011 0.26 098 32 35
Diesel 0.19 0.02 0.0361 25 0.009 0.25 0.011 0.26 098 32 45
NCG 0.0006  0.18 0.0389 15 0.009 0.25 0.011 0.26 098 32 35
Hybrid  0.0004  0.06 0.0372 8 0.009 0.25 0.011 0.26 - - -

Notes: NCG: natural compressed gas for vehicles. (*) Initial values for 1960.
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2.3 Private vehicle activity VKT

The annual activity of passenger cars, taxis and light duty commercial vehicles was
estimated at a disaggregated level based on the number and type of vehicles and fuel
usage and an estimate of their fuel economy:

VKT(j, k, y) = Z;y [V(j, k, )% B(j, k, y—1)x M (j, k, 1) L(j, k, 1) )

where VKT (m’) is the private activity for each fuel type j and vehicle class & at year y; M
(km/veh.) is the average annual distance travelled in km per vehicle; L (m*/km or
litres/km) is the fuel efficiency associated with each vehicle, fuel type and manufacturing
year t; V{j, k, t) are the numbers of vehicles manufactured at year ¢. B is a factor that
includes the probability that a vehicle will remain in the fleet after = y — ¢ years.

2.4 Public transportation activity PKT

National records of public transport include transported passenger-km (PKT) for rail,
buses and subways. We found that variations in GDP appear to be an adequate long term
indicator of public transportation activity (Figure 8):

PT(y) = aoG(y)+anP(y) (10)

where a9 = 80 (pass-km/USD) and a;; = 1,000 pass-km/inhab.). PKT are further
distributed in several modes (n): electric suburban train (EST), LRT or metro, BRT,
metropolitan urban bus (MUB) and intercity bus (IBU). Energy intensity /pxr and modal
share Spgr will depend on the selected transport mode » and fuel share Zpgr (Table 2).

PKT(j,n, y)=PT(y)xSpxr(n)xZpgr(j) (1D

Figure 8 GDP (billions USD) — black line — compared to freight activity TKT (billions ton-km) —
grey line with circles — and PKT (billion pass-km) — discontinuous line with diamonds
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Table 2 Fuel efficiencies and shares for public passenger transport

PKT Modal share  Average fuel consumption Average load Energy efficiency

ype % L/100 km Pass./km MJ/pass.-km
EST 35 (a12) 25 12 0.81 (az0)
LRT 7 (ays) 25 1 0.88 (a2y)
ELE 3 (are) 25 13 0.69 ()
BRT 42 (a17) 35 8 1.58 (a2s)
MUB 8 (a15) ) 8 1.89 (a2)
IBU 5 (ar) 35 17 0.74 (azs)

Notes: EST: electric suburban train, LRT: light rail train or metro; ELE: tram or trolley
bus; BRT: bus rapid transit; MUB: metropolitan urban bus; IBU: intercity bus. In
brackets (¢;): model parameters.

2.5 Freight activity TKT

Freight activity is usually described in terms of ton-kilometre of cargo transported (TKT).
This activity was also estimated from data provided by provincial and national transport
agencies. Diesel trucks concentrate 95% of the road freight share with a mean distance of
300 km, while rail freight (RFT) with a 500 km mean travel distance takes the rest.
National aerial fluvial or maritime freight was not included in the calculations. Total TKT
activity has been growing at a faster rate than the GDP and can be modelled as:

FT(y)=G(y)™ +a (12)

where aj; = 1.05, a;3 = —40 (billion ton-km). On-road truck TKT is further divided into
different modes: light-duty truck (LDT < 2 tons); medium-duty truck (MDT < 4 tons);
semi-trailer towing-truck (SST < 20 tons); heavy-duty truck (HDT > 20 tons); Gasoline
medium-duty truck (GMDT < 4 tons). Modal share S7xr and energy intensity /7y for
each mode and fuel share Z7r are presented in Table 3.

TKT(j,n, y)=FT(y)xSrxr(n)x Zrxr () (13)

Table 3 Fuel efficiencies and shares for truck freight transport

Modal Average fuel Average Energy

TKT Survival parameters

share consumption load efficiency
g;f;icle % Litres/100 km Ton-km MJ/ton-km by b, bs
STT 12 (as) 45 25 0.6 (a31) 0.96 32 4.5
HDT 15 (a27) 40 18 0.8 () 096 32 45
MDT 25 (ays) 38 4 3.4 (as3) 0.96 32 35
LDT 22 (ay9) 16 1.2 4.8 (asq) 0.94 34 35
GMDT 10 (a30) 37 8 1.7 (azs) 0.94 35 4.5

Notes: LDT: light-duty-truck (< 2 tons); MDT: medium duty truck (< 4 tons);
SST: semi trailer towing-truck (< 20 tons); HDT: heavy duty truck (> 20 tons);
GMDT: gasoline medium duty truck (< 4 tons). In brackets (a;): model
parameters.
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2.6 Energy and carbon emissions

Energy consumptions £ (MJ) for VKT, PKT and TKT sectors are calculated as the
product of the activity (AKT) and energy intensity factor /:

Euxr(j,n, y)=AKT(j, n, y)xLr(j, n) (14)

where AKT is VKT for private transportation, PKT for public transport and TKT for
freight activity respectively; Zyxr (MJI/m®) — Table 1 —, Ipxr (MJ/pas-km) — Table 2 — and
Irxr (MJ/ton-km) — Table 3 — are the energy intensity factors for the private activity,
public transport and the freight modal sector respectively. Once energy E(j, n, y) is
calculated for each mode » and fuel type j, the total annual carbon emission C (Tg/year)
is calculated as:

COY =D Fe()x ) EGm, ¥) (15)
Table 4 Transport costs
Description Initial value Description Initial value
Fuel costs Public transport
Gasoline* 800 USD/m’ Operative* 360 USD/m’ fuel
usage
NCG* 0.210 USD/m’ Maintenance 0.015 USD/pas-km
Diesel* 480 USD/m’ New equipment 0.020 USD/pas-km
Hybrid* Road maintenance 0.005 USD/pas-km
Vehicle costs Freight activitybyTruck
Initial cost (**) 8,000 USD Truck operative® (fuel) 360 USD/m®
Maintenance 0.15 USD/veh-km Maintenance 0.0025 USD/ton-km
NCG 1,000 USD New equipment 0.0035 USD/ton-km
conversion
HEV initial 9,500 USD Public road 0.003 USD/ton-km
maintenance
Public road 0.002 USD/veh-km  Freight activity by rail
maintenance Rail operative* (fuel) 360 USD/m’
Maintenance 0.004 USD/ton-km
New equipment 0.003 USD/ton-km

Railroad maintenance 0.005 USD/ton-km

Notes: (*) Fuel and operative costs are increased 0.6% per year, (**) gasoline/diesel
vehicles

2.7 Description of scenarios

All scenarios maintain the same population and GDP growth: for Argentina, we assume a
population growth from 40 million inhabitants in 2010 to 72 million in 2050; coupled
with a change in the annual growth rate from 1.6% in 1960 to 1.1% in 2010, gradually
decreasing to 1% in 2050, and totalling a 74% growth in 40 years. GDP has shown an
average growth rate of 2.6% for the period 1960 to 2010, but with high inter-annual
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variations of 11% with respect to a linear growth. We assume an average growth rate of
2.5% from 2010 to 2050, totalling a 170% growth in 40 years, which entails an increase
from 362 billion USD in 2010 to 974 billion USD in 2050. Fuel cost was only included to
calculate the transport cost, but was not fed back into the model to affect vehicle
registration or activity rates. Table 4 shows the assumed transport cost. These values are
only taken as reference in order to assess the relative impact of different scenarios. Fuel
prices will have a steady growth rate of 0.6% annually, going from 800 USD/m’ in 1960
to 1,380 USD/m’ in 2050. All scenarios consider an annual technological improvement in
fuel efficiencies as in (7). Energy intensity factors /pgr and I7xr improve at an annual rate
of AI'=exp(—0.01 x 1), where t =y — yy; o = 1,960.

e  Baseline scenario EOQ. It uses all coefficients defined in equation (1) through equation
(15) above. This scenario included the penetration for HEV vehicles starting at 2020
and the use of NCG replacing gasoline and diesel for private vehicles. PKT included
SEV, BRT, LRT, MUB and IBU (Table 2). For TKT, it is supposed to be performed
in a 95% is developed by truck and 5% by railroad. Truck activity is further
distributed in LDT, MDT, GMDT, HDT and SST (Table 3).

e Scenario E1: In this scenario we assumed a 100% growth of public transport activity
in 2050, as compared to E0. For each new public transport passenger-km (with
respect to E0), the procedure reduces private vehicle activity taking vehicles from the
road as per the annual mobility M and the motorisation rate. Aveh = Apkt % (mot/M).
Aveh is the vehicle reduction [veh]; Apkt is the increase in public passengers
transport [pass-km]; M is the annual private car mobility [km] and mot = V/P
[veh./1,000 inhab.] is the annual motorisation rate (Figure 2). 65% of Aveh is
represented by gasoline vehicles and 35% by diesel vehicles fleet.

e Scenario E2: In this scenario, we assumed that rail freight activity will have a 100%
growth by 2050, as compared to baseline scenario (£0), which will pass from a 5.3%
share in 2010 to an 11% share in 2050.

e  Scenario E3: In this scenario, we doubled the rate of hybrid vehicle penetration
starting at 2020, compared to E0, as per equation (4) and Table 1. These vehicles
will replace other vehicles in the rest of the market share (gasoline, diesel and NCG).

e Scenario E4: In this scenario, we combined all the other scenarios, but with an
additional 50% decrease of gasoline-powered private vehicles.

2.8 Monte Carlo sensitivity analysis

A Monte Carlo simulation was conducted in order to test the sensitivity of the results
against the uncertainties related to the model parameters. The model was tested in
150 runs where each coefficient varied according to a normal deviation from the average
value set for baseline £0. The amplitude of the coefficient variation increased linearly
from 2010 to 2050, considering a higher uncertainty as the simulations departed from
present year: a;(y)=gaus ran(a,Aax(y/Ay)); where a(y) is the actual coefficient
value at year y; a is the average coefficient used at scenario £0; Aa is the maximum

deviation at year 2050; Ay = (2050 — y); gaus ran(x, o) is a normal Gaussian random
function with mean x and o deviation. All a; coefficients had a maximum deviation at
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2050 of 20% with respect to 2010. The range of possible outputs also gives a better
understanding of the range of possible mitigation alternatives.

3 Results

The basic data sources for Argentina which were relevant to this study are shown in
Appendix 1 and summarised in Table 5 for the period 1960 to 2010. The model is set to
run from year 1960 to 2050. Activity coefficients for PKT and TKT were estimated using
data from 1990 to 2010 (Table 6). Table 7 shows the data for fuel and energy
consumption in Argentina for the TS used to calibrate consumption for each fuel type.
The last two columns show the energy efficiency (MJ/km) of private vehicles based on
20,000 annual travelled kilometres and the freight sector efficiency (MJ/ton-km) based on
Table 6. Table 8 summarises the basic results for all scenarios. Figure 9 shows the
evolution of carbon emissions produced by the TS in Argentina. The first column
describes the variables; the four consecutive columns show the results for 1980 through
2010. The last five columns represent the baseline scenario £0 and scenarios E1 through
E4 at year 2050. This table is organised in several sub-tables: Table 8(a): basic data
(population and GDP), transport activities and energy data; Table 8(b): emissions, energy
intensities and emissions efficiencies; Table 8(c): transport cost and other transport
indicators.

e  Baseline scenario EQ. In the baseline scenario, the motorisation will jump from
10 million vehicles in 2010 to 22 million in 2050, which entails a rate of
motorisation of 235 vehicles per 1,000 inhabitants in 2010 to 310 veh./inhab. in
2050. Public transport is expected to grow from 53 to 123 billion pass-km for the
same period 2010 to 2050, while freight activity will increase from 269 to 769 billion
ton-km (2.8 times the value of 2010) especially due to an expected increase in
cultivated areas of export crops. Given these basic data, the energy consumption in
2050 will almost double the reference value in 2010 (1297 PJ in 2050 as compared to
681 PJ in 2010), as shown in Table 8(a). The highest increases are expected in the
use of CNG for private vehicles (2.8 times: 140 PJ in 2010 to 389 PJ in 2050), and
the freight subsector (twice as high: 186 PJ in 2010 to 388 PJ in 2050), mainly
provided by gas-oil powered trucks. Fuel efficiencies are expected to improve in all
sectors for the period 2010 to 2050: from 3.7 to 2.9 MJ/km for private vehicles; from
0.7 to 0.5 MJ/pass.-km for public transportation; and from 0.8 to 0.5 MJ/ton-km for
freight trucks. With regard to carbon emissions, they will rise from 47 Tg (2010) to
86 Tg (2050) [Table 8(b) and Figure 9]. The model assumes an improvement in
average emissions factors for private vehicles from 246 g/km (2010) to 185 g/km
(2050) mainly due to the adoption of hybrid vehicles (Figure 7).

e Scenario E1: In this scenario we consider a 100% growth of public transport activity
by 2050 as compared to E£0. This condition implies a PKT increase from 53 billion
pas-km in 2010 to 246 billion pas-km in £1 compared to123 billion pas-km in £0 in
2050. The PKT increase produces a proportional reduction in the private active fleet
from 22.5 (E0, 2050) to 15.5 million vehicles (£1, 2050), where most of the
reduction is applied to gasoline vehicles. This combined effect produces an 8.6%
energy decrease (112 PJ), from 1,297 (E0, 2050) to 1,185 (E1, 2050) PJ, while
emissions reach an 8.1% (7Tg) reduction: 86 (E0, 2050) to 79 (E£1, 2050) PJ. The
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overall transport cost (E£1, 2050) would be a 4.1% of the GDP, which is less than that
for EO0, i.c., about 4.5% of the GDP. Reductions in fuel and private vehicles are
obtained in exchange for 17% higher costs in public transport activity.

Scenario E2: In this scenario, we consider that rail freight activity will have a 100%
increase by 2050 as compared to baseline scenario (E0). This condition implies a
TKT-Rail increase from 13 billion ton-km in 2010 to 76 ton-km in 2050 for scenario
E1, as compared to 38 ton-km in E£0 in 2050. Rail freight increase is achieved by
taking share from the road freight truck activity, passing from 5.3% to 11%. This
condition produces a 0.4% reduction in energy and a 0.5% reduction in emissions as
compared to the baseline scenario. More investment in new infrastructure and
equipment is needed to achieve a higher modal share.

Scenario E3: In Scenario E£3, we include a higher rate of NCG vehicle conversion
and new HEV starting in 2020. These vehicles will replace other vehicles in the rest
of the market share (mainly gasoline and diesel). This scenario implies a strong
replacement of old internal combustion cars with NCG or hybrid vehicles, reaching
more than 14 million GNC vehicles and 1.4 million HEV units in 2050. Should this
assumption be achieved, emissions will drop by 2.7% to 83.9 Tg (as compared to
86.2 in £0). Transport cost will be reduced from 4.5% (£0, 2050) to 4.3% (E3,
2050). The technology conversion cost is compensated with lower fuel consumption.
Vehicle conversion to NCG or HEV slightly improves energy consumption (—0.8%)
but reduces carbon emissions. Therefore, it is less energy efficient than public
transport use.

Scenario E4: Combining scenarios E1, E2 and E3 with a 50% higher private vehicle
conversion to NCG and HEV, it is possible to achieve an 8.6% reduction in energy
consumption and an 8.9% reduction in emissions as compared to £0 in 2050.
Transport cost could reach a low value of 4.0% of GDP (Table 8).

Table 5 Average 5-year annual values of Argentina’s main socio-economic indicators
Pop. per GDP Energy (* o Veh. Active fleet

Year mﬁli];n billons UGS%I/ZICZI; b thouﬁjc}zrfd) E’?L)WTZIM per 100 thousﬁzd

inhabitants USD 7J inhab units
1960 20.65 59.96 2,903 793 45.20 13 270
1965 2231 74.25 3,326 1,055 60.09 45 1,011
1970 24.22 95.09 3,924 1,342 76.46 81 1,964
1975 26.48 105.25 3,974 1,514 86.22 112 2,968
1980 28.77 111.27 3,870 1,688 96.17 129 3,709
1985 30.92 109.23 3,534 1,950 104.63 128 3,951
1990 32.96 124.56 3,773 2,101 110.83 124 4,075
1995 34.73 153.41 4,414 2,468 130.25 156 5,414
2000 36.66 149.58 4,082 2,639 131.84 184 6,748
2005 38.72 201.70 5,203 3,030 161.74 204 7,894
2010 39.85 230.69 5,788 3,148 168.09 226 9,023

Notes: Pop.: population; GDP: gross domestic product; Veh.: vehicles; inh.: inhabitants.
(*) Corresponding to all sectors: industrial, energy production, residential,
transportation and agriculture.
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Table 6 Annual values of TKT Freight and PKT in Argentina

Year Railroad TKT-railroad  Truck million TKT-truck Public transport
million tons billion ton-km tons billion ton-km billion pass-km
1994 12,000 5.90 306,116 104.29 36.64
1995 13,850 6.60 338,833 111.89 36.73
1996 15,450 7.20 394,146 127.28 38.88
1997 17,250 8.30 470,298 156.80 40.13
1998 17,000 8.30 475,966 161.03 41.71
1999 16,150 7.90 432,141 146.48 42.02
2000 15,650 8.70 411,106 158.36 40.61
2001 17,000 8.99 422,603 154.86 39.38
2002 17,500 9.45 383,924 143.66 37.78
2003 20,500 11.00 484,906 180.30 39.10
2004 21,700 11.60 554,271 205.31 42.21
2005 23,500 12.25 630,227 227.64 45.90
2006 23,900 12.65 657,580 241.18 48.92
2007 24,950 12.85 679,741 242.59 49.55
2008 26,100 13.00 747,934 258.14 51.32
2009 20,735 10.65 626,421 212.98 52.28
2010 23,551 12.11 712,467 242.24 53.30

Note: TKT: Freight activity in travelled tons-kilometre.

Table 7 Fuel consumption for the TS in Argentina
Year Gasoline NCG Diesel oil FO+EE+AK PVEF FTEF
TJ TJ TJ TJ MJ/km MJ/ton-km
1960 86,723 74,359 21,982 26.3 222
1965 139,395 91,443 27,033 11.9 2.19
1970 171,156 97,876 41,491 6.6 2.16
1975 166,061 135,043 43,223 3.7 2.20
1980 234,205 159,833 35,285 4.0 224
1985 190,931 156 163,899 28,791 2.7 2.07
1990 187,874 8,487 171,211 29,837 2.6 2.04
1995 211,278 39,203 244,047 21,821 2.5 2.04
2000 148,516 65,286 299,620 22,801 1.6 1.75
2005 134,019 123,324 278,820 18,052 1.5 1.12
2010 210,766 103,716 265,509 51,249 2.3 1.14

Notes: NCG: natural compressed gas; FO: fuel-oil; EE: electricity generation;
AK: kerosene for air fuel; PV: EF: private vehicles energy efficiency based on
Gasoline consumption and 15,000 annual kilometre per vehicle; FT EF: freight
transport energy efficiency based on activity presented in Table 7.
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Table 8(a) Comparative annual values for the TS calculated for each scenario for year 2050:

activity data and energy consumptions
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Table 8(b) Comparative annual values for the TS calculated for each scenario for year 2050:

emissions and emissions efficiencies
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Table 8(c) Comparative annual values for the TS calculated for each scenario for year 2050:

transport costs
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Figure 9 Emissions from the TS (Tg) in Argentina
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Notes: Data (1970 to 2008): black circles. Scenarios: baseline EO: black dash-dotted line;
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(coincident with E0). Maximum value: dotted black line; minimum value: short
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4 Discussion of the proposed scenarios

This study for Argentina reveals that private vehicles are the major emitters of GHGs in
the TS, producing 30.1 Tg (or 64.6% of the total emissions of TS in 2010), and could
reach 53 Tg in 2050. The emission factor for public transportation is 53 g/pass.-km in
2010 but could reach 39 g/pass.-km in 2050. Given the age of the vehicular fleet, the
average rate of emission is 245 g/veh.-km in 2010 and could be reduced to 185 g/veh.-km
in 2050 with technological improvements and car replacements. Considering the average
vehicle occupancy of 1.5 people, the emission rate is 164 g/pass.-km (2010) or
123 g/pass.-km in 2050, thus demonstrating that the private car emission factor is three
times higher than mass transit.

Freight transport is another important activity (230 billion ton-km in 2010) producing
high carbon emissions (14 Tg or 29.3% of total TS emissions in 2010). In Argentina, the
rail freight takes 5% of the load demand, mainly for grains and minerals transportation,
with an average emission factor of 2.2 g/ton-km versus 51.4 g/ton-km for trucks. The
grain producing areas in the country are relatively near the fluvial ports of grain, so
distances are short (between 300 and 500 km). This relative short distance (considering
the geographical extension of Argentina) favours an emission balance and makes trucks
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very competitive as compared to railroad. Given the fact that the rail system is organised
in a radial manner towards the grain fluvial ports, it has great potential to increase its
cargo movement several times, but it requires substantial investment in order to upgrade
the rolling material and the signalling system. Therefore, a significant mitigation of CO,
emissions in the freight sector could be reached in the medium term in the freight
sub-sector.

5 Conclusions

Most countries around the world are facing an increasing demand for mobility and
accessibility, which is currently being met by available urban means of transportation,
mostly private cars. The challenge is to propose environmentally friendly options to
switch to low carbon/non-motorised modes and higher quality transit modes to compete
with the use of private cars (Poudenx, 2008; Tiwari et al., 2011). For developing
countries, this purpose implies an additional burden, which does not necessarily imply
following the same ‘carbon path’ that developed countries have taken since the
mid-20th century. This model shows that, for the baseline scenario, stabilisation of GHG
emissions with technological improvements in terms of expected fuel efficiencies and
better integrated transport efficiencies will not be achieved within the next 40 years,
under the assumption of an average 2.5% annual GDP growth rate and even a decreasing
population growth rate of 0.9%. Therefore, more active policies have to be implemented
in order to reach a stabilised emission target in the TS under 80 Tg by 2050, which
represents approximately twice the current values, as shown in the alternative scenarios.
Public transport has the greatest potential for carbon emissions reduction, but its
implementation can be complex given the large number of actors involved and the
inherent inertia in new transport systems development. This development may take
decades and its influence may last for many years. A change in transport user behaviour
will also take many years to meet new environmental requirements. Latin American cities
still have some potential to capture a significant share of private car journeys, especially
by improving underutilised mass transit systems, routes, and service quality. Any
increase in capacity is related to changes in land use patterns and availability of
convenient and affordable transportation means. However, political inaction and/or
different conceptions result in loss of opportunities as new residential areas are built
away from work/educational/commercial centres along expanded highways following the
examples of suburban development of high-income countries.

Other available options in the short and mid-terms include a higher rate of vehicle
replacement with lower carbon levels through the use of smaller cars with lower energy
consumption and emissions, such as HEV or NCGs as a transition alternative. Fleet in
Argentina nowadays has a 20% NCG share and on average, it is composed of small
(1.4-1.6 dm’® engine) but relatively old cars (> 12 years). Private vehicle replacement
with NCG or HEV is less effective in energy consumption and carbon emissions terms as
compared to public transport. Nevertheless, such replacement is more likely to be applied
since car industry is being promoted (i.e., in Argentina and other developing countries) to
increase employment through small supplier industries for automotive factories.

The adoption of low carbon transport media for short distances is slowly taking place
as municipalities allocate public space for biking and walking. However, the
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implementation of more radical measures to discourage the use of private vehicles, such
as high parking fees and tolls or the conversion of main streets into pedestrian areas, does
not find much support from downtown business owners as they fear a loss in sales and
employment to the benefit of large shopping centres with ample parking areas and fast
access. At national level, policy makers fear that these measures could slow down the
urgently needed economic growth to step out of poverty.
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Appendix

Sources of information

The basic information used in this study was gathered from several Argentine
Agencies and Public Offices, yearbooks and independent reports. Population
and GDP data were obtained from the National Statistics Office (INDEC), and such data
have been reproduced in several world yearbooks such as the World Bank
(WB, http://www.worldbank.org) and the International Energy Outlook (EIA,
http://www.eia.gov/ieo). Records of vehicle production, sales and registration from 1960
to 2010 were made available by the National Property Registry of Motor Vehicles
(DNRPA) and the Automotive Manufacturers Association (ADEFA). Energy sales and
consumption data were made available by the Secretary of Energy (SEN). Transportation
activity was obtained from the Secretary of Transportation (STN), and from several
reports by Universidad Tecnoldégica Nacional (UTN/C3T), and PTUMA. Some studies
such as IPCC 1994, 1997 and 2000 Argentina Country Report (Argentina, 2007) were
also consulted.

Acronyms and websites of Argentine National Agencies and Public Offices

e ADEFA. Asociacion de Fabricas de Automotores (Automotive Manufacturers
Association) http://www.adefa.org.ar.

e DNRPA. Direccion Nacional del Registro de la Propiedad Automotor (National
Property Registry of Motor Vehicles) http://www.dnrpa.gov.ar.

e SEN. Secretaria de Energia de la Nacion (Secretary of Energy)
http://www.energia3.mecon.gov.ar.
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BEN. Balance Energético Nacional (National Energy Balance)
http://www.energia3.mecon.gov.ar.

STN. Secretaria de Transporte de la Nacion (Secretary of Transportation)
http://www.transporte.gov.ar.

PTUMA. Proyecto de Transporte de Areas Metropolitanas de Argentina (Urban
Metropolitan Area Transportation Project) http://www.ptuba.org.

UTN/C3T. Centro Tecnologico de Transporte y Transito. Universidad Tecnologica
Nacional (National Technological University —Transportation Research Center)
http://www.utn.edu.ar/secretarias/extension/c3t.utn.

INDEC. Instituto Nacional de Estadisticas y Censos (National Institute for Statistics
and Census) http://www.indec.mecon.ar.



