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Abstract: Local air pollution problems and as well as thgacts of climate change will
continue to plague the Philippines unless a nevagam for land-use and transportation
planning is implemented. The transport sector p&akey role in economic development and
cities are often cited as the “engines” of growtla @ountry. In the past decades the transport
planning model adopted by many countries, includthg Philippines, prioritized the
movement of cars and other motorized vehiclesdoitie the growing demand for mobility
of passengers and goods. As such, this has ldietddvelopment of more roads, flyovers,
and highways. Unfortunately, this has also resuitethe preference for private motorized
travel as less investments were made for publicspart and non-motorized transport like
walking and cycling. The externalities of such @asi can be seen in the deterioration of air
qguality in several cities, increase in road acdsleand fatalities, and congestion. Recent
estimates of C®and particulate (PM) emissions in the Philippirsg®w that in 2008,
emissions of C@totaled 30 million tons and 56 thousand tons otipaate matter. C®
emissions from the transport sector accounted ®rp8r cent of the total from fuel
combustion in 2000. If the business-as-usual seenaevails, the number of motorized
vehicles will double before 2020. This study isiaitial attempt of the authors to analyze of
the current and future emissions of £fd particulate matter from land transport anad/els

as estimate the impacts of selected sustainabléoandarbon transport policies.
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1. TRANSPORT EXTERNALITIESIN THE PHILIPPINES

The transport sector plays a key role in econongigetbpment. In the past decades the
transport planning model adopted by many countireduding the Philippines, prioritized
the movement of cars and other motorized vehiatefatilitate the growing demand for
mobility of passengers and goods. As such, thisléthso the development of more roads,
and highways. Unfortunately, this has resultedhm preference for private motorized travel
as less investments were made for public transpattnon-motorized transport like walking
and cycling, especially in the urban area.

The continued decline of the level of services ol transport and the steady increase of
private motorized vehicles brought with a slew a¥ieonmental and social problems. The
national emissions inventory for 2007 done by theinmental Management Bureau of the
Department of Environment and Natural Resources RHMNENR) estimates that the
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transport sector contributed 31% of total PM ernoissj 38% of N@ emissions and 85% of
CO emissions. The World Bank estimated that thecesfof PMo on health costs in Metro
Manila, Baguio, Cebu, and Davao reached more tHaD W00 million in 2001. In the same
year, a total of 515 deaths resulted from 4,708 @xidents, according to the Department of
Public Works and Highways.

According to the first National Communication oetRhilippines on Climate Change to the
UNFCCC the country’'s GHG contribution in 1994 tethl100.9 million tons of CO
equivalent (MtCQe) and increased to 169.8 MtCO2e in 2000. The gneegtor GHG
emissions (mostly C£) in 1994 totaled 50,038 ktons, of which the tramspsector
contributes about 32% and the power generatingpsattout 31% (Merilo, 2001). In 2007
the total transport GHG Emissions was estimate@%8 MtCQe with the road sector
contributing 23.8 MtC@e, highlighting the fact that the road sector abates a substantial
amount to total emissions.

2. CO, AND PM EMISSIONSFROM THE LAND TRANSPORT SECTOR

2.1. Previousstudiesthat looked at PM and CO, emissions

There are only a few studies that estimated thpdiutant and C@emissions and assessed
the impacts of policies from the transport sectut most have focused on Metro Manila. The
USAID supported “Integrated Environmental Strategior Integrated Environmental
Strategies — Philippines Project Report/Metropalitdanila: A Focus on the Transport
Sector 2004” forecasted the PM and LCénissions and assessed the impact of transport
policies such as transportation demand managerm&l), rail-based mass transit systems,
bikeways, the motor vehicle inspection system (MVISNG buses, coco-biodiesel, etc. It
established BAU scenario for 2005, 2010, and 20tbcame out with percentage reductions
considering the selected transport policies. Resqdinted to MVIS, replacement of 2-stroke
tricycles, and diesel particulate traps for busas jaepneys as having the highest reduction
for particulate emissions; and the MVIS and TDMhawving the highest reduction in @O
emissions.

In a follow-up study on this subject, Vergel (2006)a similar analysis concluded that in
terms of PM emissions, the highest reductions atgesed through the MVIS and the
replacement of 2-stroke tricycles from 11-16 toag/th 2010 to around 12-16 tons/day in
2015. Expansion of the railway network in Metro Marmresulted to a reduction of 11
tons/day in 2015 and through the installation a&sdl particulate traps in public transport
vehicles.

2.2. Estimating PM and CO, Emissions'

The “ASIF” approach was used in estimating emissivhere A is the activity of passenger
and freight travel; S is the structure, that ig tlavel shares by mode and vehicle type; | is
the fuel consumption; and F is the fuel use by yfechicle (Schipper, et. al., 1999).

! The studies where vehicle activity and PM emisdators were derived were: the Developing IntegtsEmissions
Strategy for Existing Land (DIESEL) transport cood in Bangkok, Thailand (2008); the Emission &acStudy of the
Automotive Research Association of India (ARAI) (B), Metro Manila Urban Transport Integration St(di995); J.B.M.
Biona et al. (2005); IEA-SMP model (2005), EMEP EE#ission Inventory Guidebook, and Cherry et al.
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Activity data of passenger and freight travel, faehsumption were derived from various
studies. In-use vehicle data from Segment Y Ltdtifer Philippines was used. This vehicle
fleet data is broken down per type of vehicle; fuséd, and engine technology (i.e. with
respect to Euro emissions standards compliancep fo@m the Land Transport Office and
sales data from the Chamber of Automotive Manufactuof the Philippines, Inc. were used
in extrapolating the data and forecasting the nurobeehicles to 2035 (see Figure 1). This
included taking into account “grey” imports, secdrhd imports including conversions, and
locally manufactured jeepneys for personal and ipulbhnsport purpose. Over-all, their
forecast for vehicle growth is steady and not espld except for motorcycles. Their
assumption is that the density of motorcycles i wtry low compared to other Asian
countries and as the average Filipino aspires fobility, cheaper second-hand cars and
motorcycles will drive new acquisition. The increas cost of fuel and inefficient public
transportation system were seen as major drivers.
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Figure 1. Projected Growth of Motor Vehicles in tlailippines from 2005 to 2035
(in number of units)

Figure 1 shows the data for in-use vehicles andpitgected growth using the major

categories: 2W = 2-wheelers, 3W = 3-wheelers, Rigrsonal cars/ SUVs, Jeepneys/ utility
vehicles, LCV = light commercial vehicles, busesd 81CV = heavy commercial vehicles.

The slight decrease in growth rate has been assw®ewads would be saturated with
vehicles and high fuel prices would restrict furtiverease in ownership. According to data
from LTO in 2008, about 29% of all total vehiclesthe Philippines are registered in Metro
Manila and about 56% when adjacent regions, comgrithe expanded Greater Capital
Region (including Central Luzon and CALABARZON Reqgs) are included.

Based on available data, passenger kilometer tiaviéle Philippines was derived for 2005
and it shows that Jeepneys account for 80% ofotfad VKT.(see Figure 2).
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Figure 2. Passenger Kilometer Travel in the Phitipp in 2005

For doing bottom-up estimations, choosing reliableission factors play a major role.
Emission factors are generally derived from dynaei@mbased drive cycles to simulate
typical driving conditions and traffic speeds andxpressed in grams per
kilometer traveled or one of its derivatives. Flbased emission factors often used in sector
calculations depend on "driving behavior" (how weéve), "fleet characteristics" (what we
drive), and "infrastructure" (where we drive).dttdo be noted that "no two vehicles will have
the same emission factor profile, even if theyrayminally identical models, produced on the
same day on the same production line, however rderoto simplify the calculations, we
often tailor the emission factors to fit "best pbkslocal conditions". These "tailoring" are
often done using local studies on various modelaceS not many studies have been
conducted to determine such average factors fanadles, the authors tried to include many
research studies in Asian countries for the bessipte numbers (see Figure 3).

Using the vehicle projections, travel charactersstdata from the baseline and using the
emission factors from various studies in Philipgirsd Asia, the COemissions from the
land transport sector in the Philippines were esttgt. Compared to other ASEAN countries
(ADB 2009), the estimated G@missions from the road transport sector is leas Thailand,
Malaysia and Indonesia. Interesting to note thatigfn motorization levels in Viet Nam is
higher than Philippines, emissions much lower dk btitransport in Viet Nam is carried out
in efficient two wheelers.
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Figure3. Projected C{Emissions in the Philippines from 2005 to 2035\iiion Tons)

Substituting the C®emission factors with air pollutant emission fastdbased on Euro
emissions standards and other studies in the rexggashown in Figure 4. Particulate matter
(PM) emissions were estimated using the same sdditaf Figure 5 shows a rapid decline of
PM emissions from 2008. This is based on the assomghat newer vehicles coming into
the market comply with Euro 2 standards as legsdlaind the possible introduction of Euro 4.
This is also takes into consideration the numberetiicles shifting to alternate fuels due to
government support. This rapid decline is also tdudhe assumption that 2-stroke tricycles,
which are now a major source of PM, are substdyntiatiuced in number by 2015.

However, it is to be noted that “renewal” of flamkes a long time and thus impact of
strengthening standards are seen only after darafidew years. As the new vehicles start
replacing the scrapped ones, the average fleeoweprent takes place. Such a slow process
shows the importance of “leapfrogging” of emisssdandards.

This rapid decline in PM emissions does not nec#gsaean that our cities will meet the
national air quality guidelines for particulate teatbecause of substantial reductions in the
transport sector. It is important to note that sioiss is not equal to ambient concentrations
but provides an indication as to how much emisseamsbe dispersed in the air.
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Figure 5. Projected PM Emissions in the Philippifiean 1995 to 2035 (in Thousand Tons)

3. POTENTIAL IMPACT OF SELECTED POLICIESTO REDUCE CO;EMISSIONS
FROM ROAD TRANSPORT

Two important policy directives related to climateange and sustainable transportation were
issued from the Office of the President in Decemd@08 and January 2009. First, the
Executive Order 774, which reorganized the Presidlefiask Force on Climate Change
(PTFCC) naming the President as the Chair and aiggnl4 Task Groups that include a
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Task Group on Fossil Fuels with the aim to redurssif fuel consumption, reform the

transport sector to include walking, cycling antiest human-powered vehicles. The 2007
Philippine Climate Change Strategic Framework aadd@nse Action Plan of the PTFCC in
October 2007, though still undergoing stakeholdensaltations, also included strategic
directions to be taken to address climate chanigéecedevelopment issues, specifically, the
introduction of technologies establishing low-carbmfrastructure for transport, energy,

agriculture, industry and settlements.

Second, the Administrative Order 254 that mand#iesDepartment of Transportation and
Communications (DOTC) to lead in formulating a MWatal Environmentally Sustainable
Transport (EST) Strategy for the Philippines, sgtta new paradigm on the movement of
passenger and goods by following this principle d3& who have less in wheels must have
more in road.”

The authors assessed the potential impact of sellgudlicies that can reduce both £&hd
PM emissions, taking into consideration the promeaments of the government and their
impact. In terms of potential reductions againg tusiness-as-usual scenario, only the
impacts of CQ emissions were assessed for this paper. The golge improvements in the
current fuel efficiency and reductions in VKT thghuassuming improvements in the public
transportation system, including Jeepneys, the ptiom of NMT, and the promotion of
better operations of HCVs or freight logistics.

Table 1 shows the policies and measures selectathiyzing the effects of these policies on
CO,and PM emissions. These policy options were chtsanalyze the potential of cause of
their relative reduction potential for specificisport modes.

Table 1. Selected Policies and Measures and Pait&#duction of C®

P/M # | Policy/ Measure Description

1 Fuel efficiency for personal carsAssuming 30% improvement of fuel efficiency
and light-commercial vehicles | (FE) from 2012 to 2035 through gradual fleet
renewal of new vehicles

2 Better Jeepney engine Increase in number of alternate powered
technology and operations jeepneys (fuel type reorganization) - alternate
fuels start increasing from 2015, 30% increase
by 2030, increasing to 50% by 2040 and the fleet
share remains same after that. +

10% reduction in VKT from 2010-2020 by
integration and route rationalization

3 Demand management and 30% reduction in VKT in Metro Manila resulting
improvement of public from a combination of demand management
transportation and NMT measures and improving public transportation

and NMT from 2010 to 2015
4 Better logistics for HCV 20% reduction in VKT BICVs resulting from

better freight and logistics management from
2010 to 2020

5 Better fuel efficiency of HCV Assuming 13% impeoaent in fuel efficiency
(FE) from through gradual fleet renewal of new
vehicles and by technological solutions such as
single wide tyres, inflated tyres, aerodynamics
improvement etc.
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The impact of fuel efficiency on LDVs were estinthtby considering a scenario where
changes on vehicle fuel efficiency starts incregpdmom 2012 considering a hypothetical
scenario where fuel efficiency standards are implaed for new vehicles in 2012. The fuel
efficiency of the entire fleet gradually increasegil 2027 when entire LDV fleet has been
renewed of “in-efficient” vehicles (see Figure 8)is important to note that fuel efficiency
standards (like vehicle emissions standards) takelaively longer time to manifest its
impact because it is only a requirement for newicleb. However, the government cannot
rely only on such measures for “new-vehicles” dsicles deteriorate over age and efficiency
obtained on “road” is reduced from “factory conalits”. By influencing I&M policies and by
mandating compulsory eco-driving training, existfteget can be “efficiently” used.
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Figure 6. Fuel efficiency improvement of persoraiscand light-commercial vehicles
(collectively LDVs) from 2012 to 2035

Addressing emissions from Jeepneys is tantamountédocing the over-all contribution of
the transport sector to G@nd PM emissions if we look at figures 3 and 5.sfsh the
potential impacts of better vehicle technology aaduction of VKT were explored. The
numbers of Jeepneys running on cleaner and bettémblogies were assumed to start
increasing from 2015 and increasing to about 30%hefentire fleet by 2030 and 50% by
2040. A 10% reduction in the overall VKT of Jeeymavas also assessed from 2010 to 2020,
through a hypothetical scenario where integratiod eoute rationalization happens. The
results are shown in Figure 7.
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Figure 7. Reorganizing Jeepneys by changing fyee &nd using it efficiently

Another policy/measure considered was the oveeduction of VKT through demand
management and improvement of public transportNid in Metro Manila. Nearly 30%
reduction in VKT was assumed in Metro Manila by dewch management measures from
2010-2015. The modes whose VKT has been reduc2e isvheelers, Cars and Jeepneys. It
is to be noted that in this scenario, it cannoas®umed that the entire shift happens to bus as
it may increase the average occupancy of existuggd to 248. Hence part of the solution
lies in improving the MRT facilities to accommodatgditional travel, improving bus speeds,
reorganizing the jeepneys and tricycle fleet toven¢ dry runs and to improve the NMT
facilities. NMT is often neglected but its impaeincbe very high. Analysis indicates that as
high as 11% reduction in emissions is possible toftisg 10% of motorized trips to non
motorized modes. MMUTIS data also indicates higloan of short and medium trips which
can be facilitated by such modes.
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Demand Management in Metro Manila - 2010-2015 (30% reduction in VKT)
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Figure 8. Demand management and improvement ofgubhsportation and NMT
in Metro Manila

Efficient freight policy was also estimated with 220VKT reduction from 2010-2020.
Current freight transport in Philippines can besidared as energy inefficient as significant
share of vehicle fleet accommodates dry run (enipégls as indicated by many DOTC
studies) and heavy overloading in many other caBgsrestructuring the logistics and
increasing the share of multi axle trucks, ton-kehigle can be increased thus reducing
emissions. In this scenario 20% reduction in VKTS lieeen considered. Following figure
gives the reduction expected from such a scenario.



Proceedings of the f7Annual Conference of the Transportation ScienageBpof the Philippines (2009)

25

—&— Reference(Freight Emissions) million Tons

—l— Managing Demand (2010-2020) - 20% Reduction in VKT

20

15

10

Million Tons of CO,

N O N 00 O O =@ N MM & 1IN ON W O O =W AN M T 1N ON W OO O =@ AN MM & 10
©O O 0 O 0O v v o oo ddddd AN N AN A AN AN N N AN A O O OO on onom
O O O O 0O 0O OO O 0O 0O 0O 0O 0O 0O O 0O 0O 0O 0O 0O o0 0O o0 o o o o o o o
N N N N N N N AN NN NN AAAKNCNANEGNEANEGNEGNGNANGNNGNGN-AN-ANAN

Figure 9. Better logistics management of HCVs

The policy scenario includes improvement in flegetiture and operational efficiency by
considering inclusion of new vehicles and assumiBf improvement in fuel efficiency (FE)
from through gradual fleet renewal of new vehicdesl by technological solutions such as
single wide tires, inflated tires, aerodynamicsrnayement etc.
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Figure 10. Fuel Efficiency Improvement of HCVs
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4. SUMMARY

The Philippines is not a major contributor to glbblamate change, however, looking at the
transport sector and if the “reference case” seernmarvades in the future, the contribution of
CO, emissions in the transport sector will be subs&ntGovernment policies and
infrastructure investments will “lock-in" emissioms the future and if the policies do not
promote “low-carbon” policies, it may be difficutb reduce C@ emissions from fuel
combustion in the road transport sector.

As seen in the COemissions projections, various transport modé&s, the Jeepneys/ UVs,
HCVs, and LDVs contribute substantially to the esimss. Likewise, VKT has a direct and
substantial influence on the over-all £€€missions. From the policy scenarios, it is cteat
reductions from demand management and improvemantsel efficiency and emission
standards can have substantial reductions anddsbeulecognized.

Fuel efficiency standards are “low-hanging fruitiligies that could be implemented by the
government in the form of fuel efficiency standafds new vehicles. It is expected that
motorization will continue in the future and thepl@mentation of such standards can help
ensure reduction in fossil fuel consumption in fikture. Furthermore, fuel efficiency
measures can help promote fuel conservation atwhibined with appropriate fuel taxes and
incentives, it can be used to raise funds for iM@leting sustainable urban transport policies
and infrastructure.

From all the policy scenarios, it can be seen demband management measures, particularly
those of VKT for Metro Manila and VKT for HCV opdians, had relatively substantial
reductions compared to fuel efficiency and techgmll measures considering €0
emissions. Demand management measures can ramge/drious measures, including road
pricing or congestion pricing, higher parking femsrestricted parking in central business
districts, or even the overall reduction of tripgedo better urban planning.

In this context, the summary of David Banister ltd tUniversity of Oxford in the July 2009

MIT Planning Journal is highly appropriate - “Albeople like talking about sustainable
transport, but there is little enthusiasm almhanging the ways in which travel is actually
undertaken. When city transport is considered@ ¢tommon reaction is to look at

technological innovation as the way forward, sd #hasting patterns of travel can continue,
but with the use of less carbon.”

When further aggravated by fuel security and riginige of oil, the Philippines transportation
system will face huge challenges and if not sudhtly addressed, may become the major
obstacle towards achieving both economic and enmenmtal sustainability in the future.
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