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I. Summary
The assistance to the Environmental Management Bureau (EMB) / Department of Environment and Natural Resources (DENR) is focused more on the procedure of establishing the reference for setting the standards for Carbon Monoxide (CO) and Hydrocarbon (HC) emissions. The procedure will involve several stages before attaining a strong basis for standards. The conceptual procedure and process flow used in this project is presented in Figure 1. Three conditions comprise the guiding principle, 1.) more stringent than the current set of standards, 2.) simple to understand, and, 3.) appropriate for the real local conditions.
Baseline information gathering is a requisite to come up with a new set of standards. This will determine two critical conditions: a.) how the tricycle sector is responding to the Clean Air Act (CAA), and, b.) actual scenarios wherein the regulatory agencies will take off to enact a corresponding measure. The current data presented poor performance compared to the sector’s attainment in 2003 when CAA was newly implemented. The current standards are relaxed compared to the rest of Asia.
The 2003 Technical Working Group (TWG) was composed of many stakeholders from different government agencies including the industry players as well as representatives from non-government organizations (NGOs) and Tricycle Operators and Drivers Associations (TODAs). The 2005 TWG was limited to government agencies, the academe, the funding agencies and representatives from the league of cities and municipalities. The motorcycle association was invited in the field survey for transparency. The TWG had six (6) meetings in between major activities to be able to plan and track the flow of events based on the designated timeline. The details of the TWG meetings are discussed in a separate report document by the National Center for Transport Studies (NCTS) of the University of the Philippines (UP) being the grant recipient. 
A two-day workshop was conducted in August 2005 to enable the TWG especially the EMB-DENR to get a hands-on experience of handling the data and come up with the appropriate standards. Lectures on motorization and various tricycle researches were also presented to the group as complementary information for the participants in order to get a wider perspective of the issue. A one-day stakeholders’ consultation meeting was conducted on September 2005 with the purpose of obtaining the public opinion. The final results were attained using the field data generated by the TWG, as well as the data from the Clean Air Program initiated by the USAEP in Puerto Princesa City (Palawan), San Fernando City (La Union) and Mandaue City (Cebu). Sensitivity analysis was showcased in order present the total picture to the stakeholders. Scenarios were also made to be able to gauge the impacts of several conditions that will lead to compliance of failure to the law. Based o this study, EMB-DENR proposed that the new standards for CO will be 4.5% vol., and 4,500ppm for HC. The target implementation has been tentatively moved to January 2007, about 4 years after the CAA was imposed. Presently, a group of private stakeholders are lobbying for postponement.
II. Introduction
Air pollution is an externality, which is more serious in developing countries. With the Clean Air Act now in place barely four years since its implementation, issues relating to emissions have been a public commodity. In the case three-wheelers or tricycle, as it is locally called, the 2003 standards can be classified as relaxed based on the tricycle emission survey early that same year. Moreover, the set of standards issued by the EMB-DENR are classified based on area and year the vehicle was first registered. This may result to low response can directly affect the compliance of the target sector. The two criteria pollutants identified in the law are hydrocarbon and carbon monoxide. Ideally, the new set of standards must be simple enough to the common tricycle user, which means it should be one value for CO and one value for HC regardless of the type of engine, area, year first registered or even model. This should be the direction of the TWG. The development of the emission standards for CO and HC adhered to the procedure and process flow presented in Figure 1 and Figure 2. The study required a key person to serve as technical adviser to EMB-DENR and a research institution to serve as support service facility. Their collective efforts shall be integrated in the newly created Technical Working Group.
III. Background
Since the implementation of the Philippine Clean Air Act of 1999 in January 2003, the  exhaust emissions from 2-stroke motorcycles and tricycles have raised so much health concerns. Two (2) major pollutants are attributed to this sector namely Carbon Monoxide (CO) and Hydrocarbon (HC). The law, also known as RA 8749, may have been prematurely implemented since the standard for CO is 6.0% and none for HC at the start of the implementation.  In order to establish the standard for hydrocarbon, the EMB-DENR formed a Technical Working Group (TWG) to undertake collaborative activities that will help produce the required standard. This process included actual emission tests from tricycles across the metropolis wherein the data was processed and studied. A series of meetings ensued after the emission data collection. Finally, a set of standards for the pollutants was established and published in September 2003 under DENR DAO 2003-25. This rule stipulates that CO standards are 6.0% (if registered before Jan. 2003) and 4.5% (if registered after Jan. 2003), while HC standards are 7,800ppm (for urban areas) and 10,000ppm (for rural areas). It was also specified in the administrative order that these emission standards shall be updated every 2 years in anticipation that the target sector would respond to do their share in cleaning the air and comply with the law. A review of the emission data collected by the TWG in 2003 showed that only 21% did not comply with the HC standard, while 14% did not comply with the CO standard. The emission levels of the compliant tricycle units are way below the standards meaning the set standards are loose compared to the average attainment. In the third quarter of 2005, a new set of standards for CO and HC should be released by the EMB. The standards should be and are expected to be more stringent than the current standards. 
USAID / US-AEP provided assistance to the EMB-DENR to develop a procedure for setting standards for the local two-and-three wheelers specifically on the carbon monoxide and hydrocarbon emissions. It is also intended that the capability of EMB-DENR will be enhanced in terms of determining the proper approach in setting emission standards. With the data gathered from activities in Puerto Princesa City (Palawan), San Fernando City (La Union), Calbayog (Samar), and Mandaue (Cebu), the conduct of establishing tricycles emission standards would be more substantially enriched. There are also different groups of technical advocates (MDPPA, ADB, WB, USAID, academe, government agencies, etc.), and researchers who generate transportation and environment data in various manners.
IV. Objective 
1. Assist DENR-EMB in utilizing the new and existing data in coming up with a more scientifically developed standards for the motorcycle / tricycle carbon monoxide (CO) and hydrocarbon (HC) emissions;  2. Provide technical expertise in scientific research including methodology, data collection, data processing, analysis and interpretation, and presentation;

3. Facilitate workshops and consultation meetings to determine and resolve the issues and concerns among stakeholders

V. Conceptual Procedure and Methodology
1. Conceptual Procedure 
The conceptual procedure is basically centers on policy intervention. The usual process of determining the standards, as practiced two years ago, is through tailpipe measurement and averaging the results to get a mean. The intervention here involved three factors:
a) Identification of compliance factors - It is one thing to know the emission reading and another thing to understand the reasons for the same reading. These compliance factors shall be references for future direction of the policy concerning emissions.
b) Establishing the baseline information - The baseline information will show the current profile of the tricycle sector. The new approach involves about 37 identified compliance factors that are itemized in the survey questionnaire. Previously, the approach included only 6 variables with no other leverage for understanding the possible problems for non-compliance.
c) Assessment of probable methods of setting the standards - There are various ways of developing the emission standards. The ideal approach is to know what illnesses or ailments are related to high dosages of HC and CO. The  problem in the Philippines relating to this approach is that this scenario is not established. There are local studies but mostly are generalized without pinpointing the exact levels of emissions that clearly translate into health impacts. Moreover, with poor capacities, both manpower and support system infrastructures, it will be difficult to identify which ailment resulting from tricycles. 
Another basis for setting the standards is to set a target emission reduction for a certain period of year, and then work backwards to attain the target. This, however, is difficult to undertake since it will involve the total mobile sources and source apportionment research is not yet fully established locally. On the other hand, a problem was detected relating to industry standard which logically explains the failure of most 2-stroke engines. The oil and fuel mix ratios are different from the point of view motorcycle manufacturers and the lubricant manufacturers. 
The motorcycle group declares that it should be 1:20 (1 part lubricant mixed with 40 parts of fuel), while the 2T oil makers say it should be 1:40. The leaner mixed should be ideal because it will result to lesser emission. Based on the survey, the average oil-fuel mix ratio is more the 1:20 because there is no other alternative but to add more oil when the engine temperature rises. The tricycle sector does not follow these 2 standards in general. The other options can be based on lessons from other Asian countries with three-wheelers powered by 2-stroke engines. These are experiences from Thailand, India, Pakistan, Vietnam, etc. However, the Philippine tricycle is still unique because it does not come from the factory as original equipment (OE) three-wheeler but rather just simply motorcycle. Later the buyer will attach a sidecar made from a backyard shop, and only then does it become a tricycle. This automatically invalidates the warranty because the standard operating conditions have been tampered.
The most ideal approach is similar to Thailand. This involved the inventory of the emissions, establishing the baselines, projecting the scenarios and proposing the standards. A consultation meeting with key agencies entails the whole procedure.The assistance will be limited, and this may only include analysis and interpretation of the data through various means, presenting the sensitivity scenarios, and possible options. Workshop and consultation meetings are necessary to present the findings to

a wider audience.
2. Methodology

The methodology, primarily, is the data gathering procedure to generate the baseline information that will be analyzed. This is a face-to-face interview survey with the respondents from the target sector. The survey instrument is a one-page questionnaire that contains 37 variables relating to tricycle emissions. Simultaneously, an emission test was conducted on the tricycle. The total number of samples is 518. This includes the data from the National Capital Region (NCR), and from a rural area which is the  municipality of Baras in Rizal Province. These represent the urban and rural area respectively, which in the CAA has two separate standards. The TWG would like to dispel the current standard that rural areas should have relaxed standards. Other data came from the Clean Air Programs of USAID / US-AEP in Puerto Princesa City in Palawan, San Fernando City in La Union and Mandaue City in Cebu.
Correlation and regression analyses are two major approaches in understanding the data. Policy analysis involved the review of methods and deliberation of the current emissions standards. The complete details of the surveys and its breakdown are presented in Table 1. 
The number of samples needed should not necessarily be the whole population. In consideration of the survey cost and other requirements due to the magnitude of a target sector, a representative population can be acceptable. Statisticians have their preferences determining the required number of sample population. For this study, the Sloven’s Formula was used, and in can be expressed as 


The data gathering involved surveyor, interviewers, portable gas analyzers and vehicle in order to speed up the field work. Coordinative arrangements with the local government units (LGUs) were made to facilitate the target areas for data gathering.
VI. Emission Compliance Factors
The 37 variables are very useful in identifying the determinants of emissions. Emission is a function of many variables like tricycle age, maintenance, fuel quality, lubricant oil quality, fuel-oil mix, road surface, slopes, terrains, overloading, and others. This can be summarized as follows.

VII. Findings and Current Emission Attainment Levels
The market share has changed compared to 2003 data. The 4-stroke motorcycles increased from 2% two years ago to 19% based on the current findings. For the urban areas, the failure rate for HC at 7,800ppm standard would be 34% while only 29% were noted only for the rural area where the HC standard is 10,000ppm. Urban failure rate for CO is 1.9% at 6% standard and 11% at the 4.5% standard.
In 2003, the failure rate for CO was zero while 17% was noted for HC. The 2005 data showed a 3% failure rate for CO and 34% for HC. Across all areas, it shows that the average attainment for HC ranges between 8,000ppm to 10,000ppm for 2-stroke engines. The average attainment for HC of 4-stroke engines across all areas ranges between 1,200ppm to 4,200ppm. For CO emissions, the average attainment ranges from 1.8% to 3.7%. This indicates compliance, especially now that the market recognizes the advantages of 4-stroke models.
VIII. Sensitivity Analysis and Scenarios for Emission Standards
Based on the attainment levels scenarios were simulated and a separate analysis was made to measure the impacts of probable standards. It was decided in the TWG meetings that the new standards would be unified and simple and appropriate the current conditions. With this direction, fours (4) sets of possible scenarios were presented to the TWG and the stakeholders and the summary is shown on Tables 3 to 7.

A fifth scenario was tried on all the four conditions above where the failure rate was set at 20% regardless of whatever engine and area classification. Across all conditions, one common behavior was obvious and that is the hydrocarbon becomes inversely proportional to carbon monoxide. In other words, the resulting standards for all four scenarios showed that carbon monoxide is stringent while hydrocarbon is too relaxed. Details are shown in Table 7. 
In the analysis, the urban area model in the resulting regression model is: 

This was derived from initial 323 samples (286 two-stroke tricycles; 37 four-stroke tricycles) and r2 = 0.6228.
It shows here that the type of engine and engine displacement are the significant factors that affect HC emissions while the regression model with CO as dependent variable showed a low correlation. From the same set of data, the HC was also predicted using the size of engine as shown in Figure 3. This indicates that tricycles with 2-stroke engines have higher idle HC emissions than those with 4-stroke engines, while idle HC emissions decrease with the increase in engine displacement regardless of other factors such as frequency of maintenance and fuel-oil mix ratio.
The available data was further processed to come up with the total compliance picture for both emissions. The whole range of candidate values with equivalent failure rate is shown in Figures 4 and 5. The darker line represents the equivalent failure percentage if no intervention is made on the engine. The lighter line indicates the failure percentage when proper maintenance is applied. With this condition, a 28% reduction in CO emission is expected. This maintenance data was based on the maintenance vis-à-vis emission performance made in Palawan province conducted with the motorcycle manufacturers association in 2005. No other technological intervention was applied except for simple engine clean and maintenance.
A similar case was also noted on the HC performance. Using the same data for maintenance, the emission performance was reduced by about 35%. Since most of the motorcycle units with 2-stroke engines tend to use excessive lubricant, much of this is spilled into the exhaust and adheres to the inner walls of the exhaust ports up to the muffler system. Simple clean up can significantly reduce the emissions.
IX. Conclusions
The EMB-DENR is eyeing 4.5%vol and 4,500ppm as the new emission standards for carbon monoxide and hydrocarbon, respectively. Compared to other Asian countries these target standards may be inappropriate because the more preferred and accurate approach would be the gravimetric method where the emission are measured in grams per kilometer. In the Philippines emissions measurement is conducted while the vehicle is in idle condition which is not accurate since there is no engine load, no real road or terrain and where emission tend to be higher. However, the facilities available can only accommodate idle testing for all vehicles. 
The main environmental problems of 2-stroke engines are high emissions of unburned hydrocarbons and exhaust particulate matter (PM). The PM is emitted due to direct mixing of engine lubricating oil with the fuel; the oil is emitted in the exhaust as organic carbon (OC) in the particle phase. In addition, the mechanical design of the 2-stroke engine is the root cause of the high emissions since 40% of the oil and fuel mixture are lost before they are combusted. The success made in Thailand as well as in other motorcycle-dominated Vietnam in addressing the issue on emission standards, required 100% switch from 2-stroke to much cleaner 4-stroke engines. This greatly reduced both the HC and PM emission problems at once. However, in the next couple of years, it can be expected that next pollution problems from three-wheelers will be CO and NOx, as shown in earlier studies.
The tricycle industry can meet the proposed standards without difficulty, as well as the more stringent ones. In fact, the government should not settle with only two criteria pollutants. The next emissions standards development must include PM, NOx and other potentially harmful gases. The only problem seen during the last 4 years Clean Air Act is the loose enforcement of the law. The market is responding to the shift to 4-stroke engines. The existing in-use 2-stroke units can be treated with maintenance as the least effort that can be made since it should a regular practice.
X. Recommendations 
There are many solutions for reducing emission from 2-and 3-wheelers, and some of which are not new but a combination of best practices available. The scenario presented here are a few of the available practices that can be readily tapped. Other potential alternatives are direct injection retrofit technology for in-use models, the use of coco-methyl ester (CME) as lubricant, clean fuels and lubes, minimal loading, inspection and maintenance programs among others. Still, the burden of addressing the emissions regulation is with the national government.
The tricycle industry is a development issue. Some areas in the Philippines with developed road and transportation infrastructures have lesser three-wheelers to deal with. Cities with poor and late development experience the presence of tricycles mushrooming from all vicinities due to the demand for mobility.
The emergence of the tricycles is a response from the small private entrepreneur wanting to earn from the demand for transport. Without comprehensive transportation planning and investment, private initiatives take the burden upon themselves, and capitalize on the opportunity to serve and benefit at the same time. Table 8. shows the emission standards for two-and-three wheelers in Asia, where the Philipines lagged ehind its neighbors. A short comparison was made among Thailand, India and the Philippines is provided in Table 9. Still, the guiding principle for setting the local emission standard should be more stringent that the current, simple, and appropriate to the local conditions.
The government must seriously take the proactive role in addressing the three-wheeler sector since it requires a comprehensive framework to address the industry’s unclear regulations, loose policies, influence on local economy and more importantly, its impact of the environment.
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where n – number of samples


          N – total population


          e – coefficient of error = 0.05
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where: eT – total emissions


            x – variable (compliance factor) from 1 to n
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ln(HC) = 9.5300 – 1.7535*ENGINE – 0.0058*DISP





where:


HC = idle HC emission, ppm


ENGINE = type of engine: 0 (2-stroke), 1 (4-stroke)


DISP = engine displacement, cc














