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Abstract 

 

 

 Air pollution can be detrimental to human health and the environment.  In 

Hong Kong, cargo vessels and roadside transportation are significant contributors to 

poor air quality found in the city.  There have been research studies and solutions 

proposed to curb emissions produced by cargo vessels. However, few studies have 

examined the effects of interventions on changing transportation options or 

technologies to reduce air pollution in the area. In this thesis, I investigated some 

potential ways to reduce emissions from road transportation.  Emissions from diesel 

buses are one of the main contributors to roadside pollution in Hong Kong. Within a 

land area of 1,100 km², over 5,800 franchised, diesel buses serve the needs of 

commuters daily.  Therefore, I have analyzed a few cases for new technologies to 

reduce air pollution emissions from this source.   

 While Hong Kong produces a sizable share of its own emissions from coal-

powered plants, road transport, vessels, and other means, the condition is complicated 

by inheritance of air pollution produced by factories operating in neighboring cities 

including Shenzhen and Guangdong.  To mitigate pollution in the city, the 

Government of Hong Kong spent HKD180 million (USD23 million equivalent) to 

acquire thirty-six electric buses to be rolled out in phases that began in December of 

2015.  The pilot was a major environmental initiative and showed the Government 

was ready to engage in climate change mitigation measures.   

 It is unlikely that electric buses might emit more pollutants from its power 

sources than conventional diesel buses, but we don’t know if the difference will be 

significant enough, given the city’s current energy mix has a high coal content.  In 

theory, electric buses, or electric vehicles in general, can produce a substantial effect 



 

 

 

on carbon reduction if the power source or energy mix has a high composition of 

renewable energy.  Otherwise, the emissions are simply transferred from street level 

to the coal-powered plants – city level.  In view of this theory, this thesis aims to 

quantify the health and environmental impacts of potential solutions for cleaner road 

transport options in Hong Kong.  My main hypothesis is that there might be positive 

impacts on public health should the entire fleet of public franchised buses be replaced 

by electric buses in Hong Kong.  A secondary hypothesis is that--resulting from 

reduction in lung diseases, breathing disorders and cardiovascular disease—overall 

rates of mortality and morbidity would be reduced between 20 and 30%.   

 To test these hypotheses, I used a methodology that integrates air pollution 

information in Hong Kong with environmental exposure techniques to assess changes 

in air pollution concentration for fine particulate matter that can translate to increases 

or decreases in overall cardiovascular mortality by using epidemiology studies.  These 

health impacts are estimated for three public transportation scenarios – regular use of 

franchised diesel buses, regular use of franchised natural gas buses, and total 

substitution of conventional diesel buses with electric buses.  Background data for 

cardiopulmonary and lung cancer mortality in 2016 were obtained from the Health 

Ministry in Hong Kong.   Health impacts for each scenario were monetized and the 

costs for each scenario were classified as capital, operation, and health impact costs.  

Monetized public health impacts for each scenario were estimated by determining 

differences in the cardiopulmonary and lung cancer mortality resulting from different 

transportation scenarios.  Cost efficiency for each scenario is estimated by obtaining 

their Benefit-Cost Ratios which are the division of the overall monetized public health 

impacts of each scenario by the cost of this intervention.  Mortality prevented or 

increased was transformed into money by using the Value for Statistical Life (VSL) 



 

 

 

saved which is derived from how much people are willing to pay to prevent a negative 

health outcome. Other factors including fleet age composition, bus usage to define 

fuel use, vehicle kilometers travelled and maintenance records were considered when 

estimating benefit cost ratios for each scenario.   These ratios might serve as objective 

information to draft policy recommendations to improve the sustainability of public 

transportation in Hong Kong.  
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Introduction 

 

 

 Over the last couple decades, globalization and economic development in the 

Greater China region have introduced a new spectrum of air pollution to Hong Kong.  

The pollution created within the city has also been consistently increased due to large 

contributions from cargo vessels and road transport.  Pollution arising from public 

transportation in Hong Kong has long been a concern, diesel buses are the main 

contributors to street-level pollution.  The associated pollutants include sulphur 

dioxide (SO2), nitrogen oxide (NOx), and fine particulate matter (PM2.5).   

Air pollution can be very detrimental to human health.  Some of its common 

symptoms include irritation of eyes, nose, and throat, coughing, and wheezing.  When 

individuals are exposed to high levels of certain air pollutants for an extended time, 

they are prone to aggravation of asthma, decrease in lung function, and increased risks 

of heart attacks and cancer (CHP, 2016.)  Children, the elderly, persons with existing 

lung and heart conditions, and even physically fit persons who enjoy outdoor 

exercises and hiking are particularly vulnerable.    Data from the World Health 

Organization (WHO) has revealed that ambient (outdoor) air pollution in cities and 

rural areas caused 3.7 million premature deaths worldwide, and the highest counts 

were found in WHO Western Pacific and south-east Asian countries (WHO, 2012.)  A 

2012 study conducted by the International Agency for Research on Cancer (IARC) 

has shown the aforementioned pollutants are carcinogenic to humans and linked to 

increased lung cancer, cardiovascular diseases and premature deaths in Hong Kong 

(IARC, 2012). 



 

 

 

Air pollution can also be detrimental to ecosystems.  An example that is often 

seen in Hong Kong is acid rain.  It contains sulfates that are produced when fossil 

fuels are burned in coal-powered thermoelectric plants and industrial operations.  

These sulfates mix with water vapor in the atmosphere and increase the acidity of 

rain.  Although the acidity does not cause an immediate ecosystem threat, it affects 

soil texture, soil chemistry and local biodiversity which has already been 

compromised in the city.  Changes in soil chemistry and texture are starting to affect 

the ability of plants to draw nutrients, and increased acidity might be causing 

decalcification in animals which might lead to disease and reproductive problems for 

birds due to changes in egg shell calcium content (Lodge, 1981). For that reason, it is 

important to control air pollutants from road transportation and electricity generation.  

 

Research Significance and Goals 

The launch of electric buses in Hong Kong had been proposed as a major 

environmental initiative launched by the Government.  The ultimate goal of this 

policy was to procure zero emission buses operating in the city.  After the 

introduction of accessibility and acquisition of electric vehicles in the city, the public 

was anticipating further emissions-reduction strategy on a larger scale.  Private 

vehicles are a fraction of roadside emissions due to different fuel compositions, newer 

vehicle fleet and daily vehicle kilometers traveled.   

 In 2014, the Hong Kong Government had granted an approved funding of 

HKD180 millions (USD23 millions equivalent) to five franchised bus companies for 

acquisition and rollout of thirty-six electric buses that aim to reduce pollutants emitted 

from conventional buses.  The staggered trials began in December of 2015 on the 

roads.  The announcement of such pilot has received much recognition from the 



 

 

 

public as the anticipation for air quality improvement surged over the years.  There is 

always appetite for green technology to be tested on the road (Cheng & Woo, 2017). 

On the surface, electric buses seem to always take a front row over 

conventional diesel buses when it comes to carbon footprints.  However, if we dig 

deeper into the power generation source, that is, energy fuel mix for the city, we may 

find interesting results.  We must also remember to identify and separate emissions 

created within the city apart from those inherited from neighboring cities where some 

of the power plants that supply electricity to Hong Kong are located. The bottom line 

is that prevention and reduction of air pollutants is crucial for a geographically small 

city like Hong Kong; this in turn might lower mortality and morbidity rates.  This 

thesis comprises a comparative analysis using cost-benefit analyses for buses in three 

operation scenarios – diesel, electric, and natural gas, the associated impacts on 

human health.  Utilizing the analyses results, it further examines the accurate 

estimation for the value of statistical life (VSL) for Hong Kong. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Definition of Terms 

 

Acid rain – rainwater with a pH level of less than 5.0  

Fine suspended particles (FSP) – particular matters with particle sizes less than 2.5, 

also known as PM2.5  

 

Liquefied petroleum gas (LPG) - a by-product of natural gas processing and crude oil 

refining.   

 

Prospective cohort studies – selection of the cohort and identification of unbiased 

measurement of risk factors or exposures before the outcome has occurred, thereby 

establishing time sequence or temporality, an important factor in determining 

causality.   

 

 

Reduced visibility - visibility less than eight kilometers when there is no fog, mist, or 

precipitation.   

 

Respirable suspended particles (RSP) – particulate matter with particle sizes less than 

10 microns, also known as PM10 

 

Tidal volume - the amount of air inhaled and exhaled when a person is at rest or with 

every breath 

 

Value of Statistical Life (VSL) – the amount of monetary funds a person or society is 

willing to spend in order to save a life. 

 

 

 

 

 

 



 

 

 

 

 

Background 

 

Current Scenario of Diesel Buses 

A large fleet of nearly six thousand licensed, franchised diesel buses are 

currently operating daily serving the needs of 7.3 million people in the city with a 

total land area of only 1,100 km² (Hong Kong Traffic and Transport Survey Division, 

2016).  Moreover, the geographic structure of Hong Kong contains steep and hilly 

roads where conventional buses typically emit more pollutants over most other 

nations.  Hong Kong also experiences hot and humid weather conditions for three 

quarters of the year which makes air conditioning power a necessity.  Occasionally, 

the city witnesses a brownish blanket of smog suspended just above the mountains.  

During the spring months of January to March in 2015, a daily average of four hours 

reduced visibility was recorded at the Hong Kong Observatory (HKO, 2015.) 

Despite the circumstances, public buses remain a favorable transportation 

means for commuting and to get around town.  The extensive bus network provides 

easy access and convenience for users at affordable rates.  Though, conveniences 

often come at a price.  Several research studies using local data have shown a strong 

correlation between buses, high pollution incidents, hospital admissions and 

premature deaths (Center for Health Protection, 2016.) 

Typically, SO2, NOx, and PM2.5 (or FSP) are accountable for the incidents.  In 

the recent decade, the highlighted pollutants have had notable links with surging 

morbidity and mortality cases.  There is high likelihood that the existing fleet of diesel 



 

 

 

buses are contributing significantly for the exhaust and combustion gases emitted 

throughout the city (Center for Health Protection, 2016).   

 

Scenario of Street-Level Pollutants 

A study was conducted in 2013 by an independent non-governmental 

organization, the Clean Air Network of Hong Kong on the volume of air pollutants 

emitted in several areas of the city including tunnel zones and highways, and their 

effects on neighboring residential zones.  The data show an average PM2.5 

concentration of 30-35 microgram/cubic meter recorded at six tunnels and bridges 

over a 24-hour period (CAN, 2013.)  The figures exceeded the WHO Air Quality 

Guideline (AQG) of 25 microgram/cubic meter.  The same tunnels and bridges have 

been used to host the annual 42 kilometers full marathon run where an average PM2.5 

concentration of 30 microgram/cubic meter was derived at the Standard Chartered 

Hong Kong Marathon in 2013.   

 

Table 1.  Average Concentration of PM2.5 (microgram/cubic meter) measured in 

different zones along Hong Kong’s Marathon pathway in 2013 

Zones 
Average PM2.5 recorded (microgram/cubic 
meter) 

Western Harbor Tunnel 35 

Cheung Tsing Tunnel 34 

Nam Wan Tunnel 28 

Tsing Ma Bridge Turning Point 30 

42 Kilometer Race 30 

 

 



 

 

 

  The amount of air inhaled and exhaled when a person is at rest is known as 

the tidal volume.  This volume can increase up to three or four times as much during 

aerobic activities.  As with the case of running a marathon, the runner is pulling in 

extraordinary amounts of pollutants and can potentially suffer up to 16 times the 

health impacts from pollutants than a person at rest (Sallay, 2014.)  In 2014, there 

were 5,605 runners who completed the same marathon and raced along stretches of 

zones where airborne particles were five times higher than the WHO guidelines. This 

case gives us an idea of how much airborne particles are gulped by all the residents 

and workers in these zones. 

 

Annual Roadside Pollutant Levels 

 Annual Roadside pollutant levels have been conducted by roadside air quality 

monitoring stations in three available urban locations, namely Causeway Bay, 

Central, and in Mongkok.  The areas are classified as busy commercial and/or 

residential districts encircled with tall buildings.  The stations had collected samples 

from 3 to 4.5 meters above ground, and 2015 statistics were used to compile the 

following chart.  The annual total roadside emissions add up to 450 tons of PM2.5, and 

490 tons of PM10 in 2015 (EPD, 2015). 

 

Table 2. Annual pollutant concentrations of criteria pollutants in Hong Kong in 2015 

YEAR STATION CO 
FSP 
(PM2.5) NO2 NOx O3 

RSP 
(PM10) SO2 

                  

2015 CAUSEWAY BAY 74 37 106 252 18 55 9 

2015 CENTRAL 67 24 93 208 22 37 9 

2015 MONG KOK 84 30 97 221 17 44 7 

                  



 

 

 

2015 Annual Average 75.0 30.3 98.7 227.0 19.0 45.3 8.3 

Source: Air Quality in Hong Kong 2015, Air Science Group, Hong Kong EPD 

Remarks:     

1. All Pollutant units are in μg/m3 except CO which is in 
10μg/m3 

2. N.A. = data not available    

3. CO = Carbon 
Monoxide     

4. FSP = Fine Suspended Particulates   

5. NO2 = Nitrogen 
Dioxide     

6. NOx = Nitrogen 
Oxides     

7. O3 = Ozone     

8. RSP = Respirable Suspended Particulates   

9. SO2 = Sulphur Dioxide     
 

Electricity 

 The current energy mix in Hong Kong is utilized to estimate potential power 

consumption of various bus scenarios.  The Hong Kong Government is working with 

the major power providers in Hong Kong to improve the energy mix with the aim of 

reducing the amount of coal used and increase the portion of natural gas in its energy 

mix by 2020.  The following charts illustrate the changes proposed in the plan. 
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Source: Hong Kong’s Climate Action Plan 2030+, Climate Ready  

Figure 1. Proposed changes in Hong Kong’s electricity mix from 2015 to 2020.  

 

 

Pollution Alert due to Extreme Weather Events 

Hong Kong is located in a region susceptible to typhoons, which  usually form 

over the Pacific Ocean before reaching the South China Sea.  Historically, the city has 

adapted well to living with storms and typhoons.  However, every typhoon tends to 

[rile up=? deposit?] pollutants accumulated from neighboring cities, seriously 

reducing air quality.  The problem is exacerbated by soot --from diesel bus and 

thermoelectric power plants--  becoming airborne during extreme weather events.  On 

July 8, 2016, Hong Kong suffered from Typhoon Nepartak’s impacts:   the air quality 

health index (AQHI)  reached its highest level of 10+, documenting severe pollution 

exposure.  At one of the monitoring stations in the business district, 170 

microgram/m3 was recorded for PM10 derived from suspended particles in the air 

(CAN, 2016).   

 

Health effects of Air Pollution 

There is a relationship between mortality and pollutant concentrations for fine 

particulate matter (PM2.5), carbon monoxide (CO) and ozone (O3).  Harmful 

concentrations of these pollutants and adverse health effects are characterized by the 

concentration-response function (CRF).  The CRF for each pollutant is based on 

different epidemiological health studies performed around the world (Dockery et. al, 

1993; Pope et. al, 1995; U.S. EPA, 1999).  Some studies state that cardiopulmonary 

mortality increases by 15% for 21,000 µg/m3 increment in the daily concentration of 



 

 

 

atmospheric CO (Nigenda, 2002). There is a 9 to 11% increase in cardiopulmonary 

mortality for every 10 µg/m3 increment in PM2.5 concentration based on prospective 

cohort studies in the U.S. (Dockery et. al, 1993; Pope et. al, 1995; U.S. EPA, 1999).  

These findings are consistent with the relative risks of 1.09 (95 % CI: 1.03 – 1.16) for 

cardiopulmonary mortality documented in other cohort studies around the world 

(Abbey, 1999; Bascom, 1996; Romieu, 1992). Lung cancer relative risk is 1.14 (95 % 

CI: 1.04 – 1.23), based on a prospective cohort study from the American Cancer 

Society (Pope et. al, 1995). 

 Changes in pollutant emissions due to alternative transportation technologies 

are likely to decrease mortality in respiratory diseases and lung cancer.  Potential 

mortality health benefits are directly associated with reductions in the background 

mortality rate for cardiopulmonary diseases and lung cancer in Hong Kong 

(premature deaths prevented).  These premature deaths prevented will be monetized 

using the Value for Statistical Life (VSL) saved for Hong Kong.  

   

Current Scenario of Electric Buses 

 The procurement of 36 single-deck electric buses was completed in 2014, each 

was valued at HKD3.8 million (USD $487,180)  This was twice the price of a 

conventional diesel bus.  The buses were made with lightweight T6-grade aluminum 

alloy, and could travel up to 380 kilometers on a four-hour charge.  The first batch of 

five electric buses were put on road trial in December of 2015.  Prior to the road trials, 

every bus had undergone nine months of extensive road safety tests in Dongguan and 

Chongqing, and must pass them all.  The aim of the road trials is to evaluate the 

operational efficiency and performances under confined conditions in Hong Kong.  



 

 

 

The remaining buses had been placed on trial in batches throughout that year (Hong 

Kong Traffic and Transport Survey Division, 2016).   

Within the first trial month, one of the buses erupted in flames caused by a 

short circuit due to an overheated battery.  In the following month, another bus had 

suffered a wheel failure.  One other bus had also reported a faulty door where there 

was a malfunction on the anti-trapping rubber on the side of the door causing 

spontaneous springing of doors opening (Ejinsight, 2016.)  The several incidents had 

raised flags on safety concerns.  Nonetheless, the e-buses had brought hope for a 

greener future.  The general manager of the Automotive Parts and Accessory Systems 

Research & Development Center at the Productivity Council stated the zero emission 

buses would have reduced roadside air pollution by 80 percent (Productivity Council, 

2016).  

The launch of “Made by Hong Kong” electric buses not only fit with the 

larger-scale emissions-reduction criteria but brought about new green transport 

technology to be piloted by the public.  This was a great milestone achieved by the 

Productivity Council.  Hong Kong has plenty of room for adoption of green 

technology although many companies have yet seized the opportunity to incorporate it 

into their business models.  The lack of know-how in building or acquiring such 

technology and expertise may explain the lag. 

In Mainland China, the development and adoption of electric vehicles, buses, 

and hybrids are highly prioritized as a deterrence to rely on foreign imported oil and 

gas.  The Chinese government has granted annual funding of up to 2 billion yuan 

(HKD2.5 billion or USD30 million equivalent) to foster growth and development in 

electric and hybrid automotive industries (CAN, 2012.)  The Government also aims to 

place five million alternative energy vehicles on the streets by the year 2020 with 



 

 

 

200,000 of these vehicles in buses and 100,000 in taxis.  Now, the advantage of this 

scheme is Hong Kong can benefit from the acquired technology in manufacturing and 

know-hows.  Mass productions will also bring down the manufacturing and 

acquisition costs for these vehicles.   

The Hong Kong Government has also established a benchmark based on 

China’s development to aim at making 30 percent of private vehicles either electric or 

hybrid by the same year in 2020.  For the aforementioned reasons, it was crucial that 

users understand the impact of introduction of electric buses in local conditions for 

Hong Kong given the variable factors.  The input variables are the energy fuel mix 

versus diesel and gas, and the output variables are health impacts or benefits, thereby 

accurate estimates of value of statistical life (VSL).   

Hong Kong has experienced drastic peaks and slowdowns of economy within 

the last couple decades post the hand-over of the city to China from former British 

colonial rules and the global financial crises.  Businesses race to adopt new strategies 

to seek short-term profits or just to stay competitive.  Organizational changes are 

often found at the top of regular business agendas.  The Government’s initiative 

shows a strong focus on addressing not simply the financial impacts but 

environmental and social approaches.  This initiative is seen as integrating 

sustainability’s  three bottom line aspects. (Hong Kong Traffic and Transport Survey 

Division, 2016). 

Regarding health concerns, people are aware of potential health consequences 

over long-term exposure to hazardous pollutants, but many are unaware of how their 

exposure is measured and how much is too much.  This study aims to better inform 

the public and users on their potential health impacts from the possibilities of 

emissions reductions strategies that are deemed from the true power consumption of 



 

 

 

electric buses or other means given the city’s energy mix.  More importantly, it serves 

to help users understand the true source of the city’s emissions. 

 

 

Previous Related Work 

 

Waiver of First Registration Tax for Electric Vehicles 

 The Government enacted an exemption of first registration tax for EV owners 

in 1994.  It is an important strategy to promote use of EVs for private and commercial 

use, thereby reducing roadside emissions and promoting air quality.  The waiver that 

was expired in March of 2017, had previously been condemned ineffective in 

encouraging low carbon vehicle purchases.  Although luxury and sports-utility EVs 

sales had surged, the scheme was perceived as a tool that mostly benefited the high-

end purchasers only.  The Government’s response was that priority would be placed 

on existing strategy, and would further evaluate market needs and users’ attitudes 

when taking considerations for waiver arrangement (Hong Kong Traffic and 

Transport Survey Division, 2016)   

 

Pilot Green Transport Fund  

 Road and marine transport emissions accounted over 57% of the city’s RSP, 

62% of nitrogen oxides, 48% of sulphur dioxide, and 17% of total greenhouse gas 

emissions in the city (EPD, 2011.)  In an effort to mitigate climate change, the Hong 

Kong Government has set up a HKD300 million Pilot Green Transport Fund to 

support the testing of green and innovative technology for road and goods transport 

sectors.  The Fund supports the capital expenditure and installation costs for the 



 

 

 

acquisition, and thus, promotes businesses to adopt green technology in an effort to 

reduce their carbon footprints.  It fosters companies to incorporate sustainability 

practices in their business models. 

 

 

Procurement of Hybrid Buses  

The Government of Hong Kong granted HKD33 million (USD$4.2 million) to 

three franchised bus companies for acquisition and evaluation of six hybrid buses in 

an effort test the performance and efficiency of hybrid electric buses in local 

conditions.   The two-year trial began in November 2014.  The preliminary results are 

not what some people expected.  The double-decker hybrid buses consume more fuel 

than conventional diesel buses due to the hilly nature of landscapes and hot, humid 

weather conditions in Hong Kong.  The hefty consumption of air-conditioning 

represented up to 40% of the energy used during summer months (Kao, 2016.)  When 

it comes to fuel performance, the hybrids are shown to have consumed an average of 

3.4% more fuel than conventional buses during the on-going trials.  These findings 

are important as they indicate the city may not be appropriate for utilizing the benefits 

of hybrids, further underscoring the perspective that electric buses may show similar 

“not so green” patterns. 

 

Introduction of Light Petroleum Gas (LPG) 

 The LPG Vehicle Scheme was introduced in 1999 as an incentive for existing 

diesel taxis and diesel public light buses (known to the locals as mini-buses) to be 

replaced by LPG taxis and LPG public light buses as LPG typically produces fewer 

emissions.  Since the Scheme came into effect in 1999, nearly 100% taxis and over 



 

 

 

3,100 light buses were converted.  Then, the nuisance emerged.  It was noted that a 

20% surge in nitrogen dioxide concentration was found in the air from 2008 to 2012 

(Bradsher, 2013.)  This was caused by the prolonged usage of catalytic converters in 

the vehicles.  If the catalytic converters are not replaced every 18 months, they will 

start emitting high levels of some pollutants.  The replacement effort is costing the 

government millions of dollars.  Instead, the expenditure could have been spent on 

other alternatives or in removing sulfur from LPG which damages catalytic converters 

and makes them useless to control NOx emissions.  The high concentration of 

nitrogen dioxide has been a large contributor to the smog blanket seen often in Hong 

Kong (Hong Kong Traffic and Transport Survey Division, 2016).   

 

Feasibility Report on Compressed or Liquefied Natural Gas Buses 

 The Government conducted a feasibility report on the potential use of 

compressed natural gas vehicles for road transport in 2009.  The scope of the report 

covered the supply of natural gas, emission performances, environmental benefits and 

safety risks.  It was concluded that there is no feasibility for natural gas buses to 

operate in Hong Kong, and environmental benefits that could have been ripped from 

natural gas buses will have less edge over diesel buses as the pollution emissions 

standards for diesel engines are getting stricter every year.  The main barrier for the 

introduction of these buses is the setup costs of storage of compressed gas, and filling 

stations.  The regulations indicated that compressed gas storage facilities must be kept 

at a distance from residential zones and the city simply do not have the capacity for 

such facilities.  The report was helpful to temporarily rule out compressed natural gas 

as a means to exploring alternative fuels for road transport. 

 



 

 

 

 The policies, scheme, and efforts that were spent on the acquisitions and trials 

of alternative means of road transport was an experiment.  It was costly but as with 

most entrepreneurial initiatives, every new invention or product must endure an 

experimental phase and that often comes with elevated costs.  The previous related 

work has shown the viability of electric buses.  Having said that, the complete phase-

out of diesel buses has not been explored.  Some argue that the hilly landscapes and 

weather conditions in Hong Kong are detrimental to the operations of electric buses, 

thus, diesel buses still have an edge on durability (Khan, 2017). 

 

True power consumption of Tesla Electric Technologies 

A recent study on the performance of Tesla conducted by Neil Beveridge at 

Bernstein Research revealed the Tesla model S emits 13 tons of CO2 through power 

generation, another 14 tons from battery production and seven more from production 

of other parts and decommissions (Winton, 2016.)  A comparison was made between 

the Tesla model S which emits a total of 34 tons of CO2 and the Audi A7 sports 

running on diesel which emits 35 tons.  These were surprising results. He further 

added that electric cars will typically emit 20% more CO2 than gasoline cars in their 

life spans of 93,000 miles.  This study has stirred up much discussion over the 

“splendidness” of Teslas as EVs are tax-free while other cars are taxable at 36% in 

Hong Kong.  The results here are relevant to my hypothesis about the sustainability of 

electric vehicles being dependent on the energy mix.  

 

Knowledge Gap 

 The announcement of the launch of electric buses in Hong Kong caught some 

media attention in the Asian pacific region.  Environmentalists’ responses were 



 

 

 

generally positive and supportive at first instance.  Looking at a small and densely 

populated city, electric buses are likely to be a great adoption for road transportation 

with low road exhaust emissions.  However, addressing the true power consumption 

of these buses requires assessing the associated extent of power plant emissions 

supplying them.  If the latter concern proves relevant, then the emissions focus 

switches technically from street level to city level.  In addition to the energy mix,  

further closing of  the knowledge gap requires understanding relative impacts of such 

variables as: 

•  the decision making process,  

• bus reliability, 

• availability of charging stations, and  

• battery disposal. 

 

Energy Mix for Power Generation and Electric Buses 

 The components of energy fuel mix in Hong Kong’s electricity generation has 

not received much consideration and indeed, may affect carbon footprint at the next 

level.  Of the city’s energy mix, 53% is derived from coal-powered plants (China 

Light & Power, 2013.)  The two largest coal-powered plants are located 14km and 

22km from the city.  The remaining components are split nearly equally among 

nuclear power and natural gas.  Hong Kong also relies heavily upon imported nuclear 

power from greater China.   

 As mentioned earlier in this study, we should not confuse the source of 

pollutants, given that some are created within the city and some are transported from 

neighboring cities in Greater China.  To illustrate the gap of knowledge in this aspect, 

a topic of discussion arose during the Chinese New Year festival of 2015.  It was 



 

 

 

notable that Hong Kong had cleaner air which was commonly believed to have 

resulted from the factories in Shenzhen taking a holiday break (Subramanian & 

Abdulrahman, 2017). While it is easy to make a general assumption about the cause 

of reduced smog over the holiday break, it is also highly possible that fewer diesel 

buses and cruises operated in the city due to reduced demand and supply, as 

remaining at family gatherings took precedence over regular transport.  

 

Decision-Making Process   

The Productivity Council had appointed Build Your Dreams (BYD) – China’s 

largest bus manufacturer in China to build Hong Kong’s electric  Engaging the BYD 

consortium for the initiative clearly embraces the relationship between Hong Kong 

and Greater China businesses with particular ties in neighboring cities as Shenzhen 

and Dongguan.  This decision was made without an invitation to the public for 

engagement and input.  It was understood that these buses would have to be built in 

Mainland China due to lack of space and skilled manpower.  However, the choice was 

made on behalf of the citizens and considering the source of funding had in part came 

from Hong Kong taxpayers, an informative poll would be appropriate (Productivity 

Council, 2016).   

 

Reliability  

 Five electric buses manufactured by BYD were put on road trials in December 

of 2015.  Within a month, five buses were pulled out of trials for service.  The 

manufacturer had explained that there was a glitch with the software.  During a 

promotional event of the BYD K9 electric buses in October 2014, the Productivity 

Council revealed that they had handed over the acclaimed “Made by Hong Kong” 



 

 

 

buses to the project sponsor, a subsidiary of Hong Kong-listed China Dynamics 

Holdings, Green Dynamic Electric Vehicle, upon passing all the extensive road tests 

(SCMP, 2015.)  Subsequently, the Productivity Council had made little or no 

comment with regards to the safety concerns and questions raised by the pubic 

regarding the incidents that occurred in the early stages of road trials.  

 

Availability of Battery Charging Stations 

 Every new product on the shelf goes on trial when the first few buyers start 

consuming or using it, that’s usually when the user knows if it really works for them.  

With the electric buses, the Hong Kong users might face the uncertainty of 

unexpected downtimes due to accessibility of charging needs, maintenance, 

availability of parts and qualified servicing and maintenance mechanics.  As with the 

current situation of private electric vehicles, the city is facing shortages of qualified 

mechanics for servicing needs.  The price goes to the private owners and the profits 

made by the authorized dealerships (Wang, 2016.)   

 As of March 2016, there are currently over 1,300 public charging facilities, 15 

quick chargers, and 145 quick charge stations to fulfill needs for over 5,290 electric 

vehicles (EPD, 2016.)   The public charging facilities are dispersed within 15 

kilometers of travel.  The gap of knowledge lies in how the planning and 

infrastructure of these charging facilities will be incorporated into town planning and 

to serve public electric vehicles’ charging needs. 

 

Battery production and disposal 

With every BYD K9 electric bus, there is a set of rechargeable lithium iron 

phosphate (LiFePO4) batteries produced and installed both behind the driver’s seat 



 

 

 

and at the rear seats.  LiFePO4 is the choice of lithium ion battery amongst its class 

that is non-toxic and non-contaminating making it more safe for the environment.  

Nevertheless, how will the management of battery disposal affect waste management 

that is already problematic for the city?  How does the production of these sets of 

batteries help with reducing emissions?   

The most recent development on waste management has been an integrated 

waste management facility (IWMF) being built on reclaimed land attached to a 

landfill island where municipal waste will be shipped by vessels.  This is the first 

incinerator technology used in Hong Kong since 1989 for municipal waste 

management, and not a viable option for battery disposal.  The sustainability of 

lithium-ion battery disposal and recycling will need to be addressed.   

 

 

Research Questions and Hypotheses  

 

This thesis aims to examine the following hypotheses:   

- In the ideal scenario where the entire fleet of public franchised buses are being 

replaced by electric buses in Hong Kong, do reductions in roadside emissions 

outweigh any increases in power plant emissions given the region’s current 

electricity mix? Usually changes in roadside emissions reduce the rates of 

mortality and morbidity to due to lower concentrations of pollutants which result 

in lower respiratory and cardiovascular diseases.  Further, I believe that the 

number of recurring incidents with patients diagnosed with breathing disorders 

might also decrease. 

- A secondary hypothesis if the entire fleet of public franchised buses is replaced 

given different technology options like electric buses, natural gas buses or clean 

diesel buses is:  which one is the most cost-effective technology to protect health 



 

 

 

and the environment?    Conducting research in this area requires monetizing 

health effects and estimating costs with different technology scenarios.  The issue 

here is: how does a researcher put a financial value on human life and how 

subjective can this value differ from country to country?  Legislators are 

constantly making important decisions.  How do they evaluate benefits and costs?  

Supposedly, the budget regulators have identified road transport in Hong Kong to 

be one of the areas of focus for reducing carbon emissions.  How do the pros and 

cons (benefits and costs) for reducing emissions and thus saving more lives weigh 

against each other?  This is not simply a technical cost benefit analysis, it is also a 

health effectiveness analysis.  It submerges into ethical and philosophical areas 

and in evaluating if the Value for Statistical Life (VSL) for Hong Kong would be 

fair and understandable by policy makers.  The term value of statistical life (VSL) 

refers to the monetary value a society or individual is willing to pay to save a life.  

The value of human life is thus determined by the choices people make when 

taking risks in their lifestyles and habits such as smoking cigarettes, drinking 

alcohol, engaging in sports, driving a car or truck, and so on.  It is somewhat 

similar to the value of an age-defiant life insurance except the society is paying for 

it instead of the policyholder.  Many officials in different nations have attempted 

to estimate VSL based on numerous factors such as the nation’s gross domestic 

product per capita, fatality rates, average life span, and social willingness to name 

a few.  The range of variability from country to country is great. To answer 

objectively the secondary hypothesis for my thesis, it is crucial to have an accurate 

estimate of VSL in order to help regulators make better informed decisions.  

Transforming the comparative emissions data and health impact analyses for 

electric buses to money terms will help determine an economic value of saving a 



 

 

 

life and gives a common framework to compare alternative technologies of road 

transportation.  The VSL is thus, an important measure for regulators to evaluate 

the justification of choice of a utility over reducing a specific risk.  For instance, at 

what pollution level is acceptable for the city?  How should victims of pre-

matured deaths and critical illnesses linked with over-exposure of pollutants be 

compensated?  A large percentage of the city’s population suffer from asthma and 

breathing difficulties on a regular basis, how should these victims be 

compensated? 

-   Finally, Hong Kong and China are trending on the same route towards 

independence from imported foreign oil and gas.  Should technologies related to 

imported oil and/or gas be more positive when monetizing health impacts of 

different transportation options, which principle is likely to prevail in Hong Kong 

and Mainland China?  Health protection or energy independence from foreign 

fossil fuels?   What is the criterion for regulators in Hong Kong to make informed 

decisions?  This last point is not a hypothesis, but will be discussed at length 

considering the results of this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Research Methodology 

 

 

This section describes a methodology used to assess the costs and monetize potential 

health effects for three public transportation scenarios:   

- Use of regular diesel in all franchised buses in Hong Kong (Business-As-

Usual scenario) 

- Use of natural gas for all franchised buses in Hong Kong 

- Total substitution of conventional franchised buses with electric buses in Hong 

Kong  

 Only franchised buses in Hong Kong (5768 vehicles) are used for the analysis.  

Franchise buses have set routes and information about the fleet age. These buses also 

have the technology to define the fuel usage, maintenance records, and the distance 

travelled in kilometres.  Some specific monetized public health impacts for each 

scenario are estimated by determining differences in cardiopulmonary and lung cancer 

mortality and as a result of different transportation scenarios.  Cost effectiveness for 

each scenario is estimated by dividing overall monetized public health impacts by a 

functional unit of benefit for each transportation scenario. This ratio is used as an 

objective metric of comparison called the cost-benefit ratio.  These cost-benefit ratios 

will serve as objective information to draft policy recommendations to improve the 

sustainability of public transportation in Hong Kong.   

 

Definition of Functional Unit of Benefit 



 

 

 

 The preferred functional unit for comparison has been set in 1 million bus-

kilometers traveled in Hong Kong because that helps when estimating the benefits of 

phasing in any new technology.  Additionally, this might help to estimate benefits of 

phasing in electric or natural gas technologies in non-franchised buses which are 

approximately 7,100 vehicles.  Non-franchised buses were not included in this 

analysis because their daily routes are not constant and are not set or predictable, so 

information would need to be compiled about their use in order to estimate potential 

benefits of new transportation technologies.  However, these non-franchised buses are 

likely to have similar characteristics in vehicle fleet age and diesel technology used in 

the fleet as franchised buses because they operate in the same country, with similar 

laws and economic opportunities.  For these same reasons, non-franchised buses are 

likely to incorporate new transportation technologies at the same rate as franchised 

buses, so the only question would be determining their usage to estimate potential 

benefits for this non-franchised fleet as well.  These assumptions will be discussed 

further in the limitations section of this study.   

 The number of functional units for comparison for the whole vehicle fleet for 

franchised buses in Hong Kong can be estimated by determining the total amount of 

vehicle kilometers traveled per day or year for all franchised buses in Hong Kong to 

estimate overall differences between the three transportation scenarios.   

 

Business-As-Usual Costs (Only Diesel Buses Scenario) 

 The process starts by estimating costs for the use of a diesel bus in Hong 

Kong.  Costs are divided into three fields:  Capital costs, operational costs and health 

costs.   



 

 

 

Capital Costs for A Diesel Bus 

 Diesel buses are currently being used, and for that reason, capital costs have 

already been incurred in Hong Kong.  However, part of the vehicle fleet will be 

replaced with new buses in the next ten years.  For that reason, the cost of a new 

diesel bus will be considered as the capital cost for this BAU scenario.  I will also try 

to find replacement schedules for the vehicle fleet in Hong Kong’s Environmental 

Bureau.  If this information is not available, then other assumptions that will be 

proposed are a 5% replacement of the vehicle fleet every year and a 10% replacement 

of the vehicle fleet every year.  These alternative sub-scenarios will be used in a 

sensitivity analysis for capital costs for a diesel bus scenario.    

 

Operational Cost of Diesel Buses 

 Most of the operational costs for internal combustion buses come from using 

diesel fuel.  Average fuel use per bus will be estimated by compiling records of fuel 

use from bus companies, asking fuel suppliers to disclose the amount of fuel that they 

sell to bus companies and by estimating an average diesel consumption per kilometer 

and multiplying this number by the annual kilometers traveled per bus in Hong Kong.  

Average annual cost per liter of diesel in Hong Kong will be estimated by checking 

pricing records from July of 2015 to the end of June of 2016.  Maintenance costs will 

also be estimated by checking cost records for different bus companies for the same 

period.  

 

Health Cost of Diesel Buses 



 

 

 

 Health costs will be determined by monetizing health impacts (mortality and 

morbidity) derived from using franchised diesel buses in Hong Kong.  The process 

starts by determining total daily emissions for primary and secondary fine particulate 

matter (PM2.5).  For that reason, current criteria pollutant emissions from diesel 

vehicles serve as the baseline to compare changes in emissions due to proposed 

transportation policies.  Information about the age and composition of franchised 

vehicle fleet will come from official reports issued by the Hong Kong’s 

Environmental Bureau.  Based on the number and model year for franchised diesel 

buses, the fleet will be separated into vehicles that use pre-Euro, Euro-I, Euro-II, 

Euro-III, Euro-IV and Euro-V diesel technologies as each one of them has different 

emission factors (Figure 2).  

 

 Figure 2. Emission factors of commercial diesel 1vehicles pre-Euro to Euro-VI (EU, 

2013) 

 In figure 2, the emission factors are in grams/KWh.  To get overall emissions 

for the functional unit, the diesel fuel used for every type of vehicle has been 



 

 

 

transformed into energy used by considering that one KWh is equal to 3.6 MJ and on 

average, there is 38.6 MJ/liter of diesel fuel (AFDC, 2014). 

 A Monte Carlo simulation has been used to estimate all of the potential 

outcomes for daily air pollution inventories in Hong Kong.  The Risk Solver software 

has also been used to simulate lognormal variations for each function.  A thousand 

runs will be performed with Monte Carlo analysis to obtain Hong Kong’s average 

daily emissions for each regulated pollutant.  The overall daily emissions per pollutant 

are the sum of all daily emissions for every vehicle type for a given pollutant. 

 Daily emissions for primary PM2.5, SO2 and NOx are transformed into changes 

in overall PM2.5 concentrations by using a first order equation developed to estimate 

the intake fractions (iF’s) for people exposed to air pollutants.  In doing so, the 

population of Hong Kong and information about Intake Fractions for fine particulate 

matter in the city had been utilized.  It was estimated in about 110E-6 by a group of 

scientists in a previous study where intake fractions were calculated for more than 

3,500 cities around the world (Apte et. al, 2012) 

 

 



 

 

 

 

Figure 3. Estimation of intra-urban intake fractions for cities in South East Asia (Apte 

et. al., 2012) 

 

The average change in exposure concentration for a population (ΔC) is used to 

evaluate the potential health effects of diesel fuel use in franchised buses in Hong 

Kong.    The equation for intake fraction (iF) is: 

 

iF = (Br. P. ΔC) / ΔE           (Stevens et. al, 2007) 

Where: 

Br: Average breathing rate in m3/d 

P: Total population affected 

ΔC: Change in exposure concentration over the population in μg/m3 

ΔE: Change in emissions in μg/d 



 

 

 

 

Since ΔC (change in exposure concentration) is required to calculate health effects, 

the equation is re-arranged in the following way: 

 

ΔC = (ΔE.iF)/ (Br.P) 

 

A standard breathing rate (Br) of 20 m3/day was used in the original intake fraction 

calculations and is divided back to the concentration calculation (Stevens et. al, 2007).  

 The total population affected is estimated for 7.34 ,illion people (HK Census 

and Statistics Department, 2016).  The intake fraction equation does not consider 

spatial variations in exposure.  However, since the same fuel is available for the entire 

diesel fleet, exposure reductions should be more uniformly distributed.    

Geometric standard deviations for intake fractions for NOx and SO2 were 

estimated using the proportions found in the 90% confidence interval (CI) values 

obtained in a study conducted by Stevens et al. (2007).  Their study was based on 

analyzing the intake fractions in Mexico City, where the population and vehicle 

density is similar to that of Hong Kong.   

 

Table 3. Intake fractions for different pollutants in Mexico City (Stevens et. al, 2007) 

Pollutant Intake Fraction (iF) 90% Confidence Intervals 

CO 1.2E-4 6.3E-5, 2.4E-4 

PM2.5 6E-5 2.5E-5, 1.1E-4 

SO2 (sulfate formation, secondary 

PM) 

7E-6 3.2E-6, 1.3E-5 

NOx (nitrate formation, secondary 

PM) 

6.9E-7 3E-7, 1.3E-6 



 

 

 

 A concentration-response function (CRF) was used for PM2.5 of 9 to 11% 

increase in cardiopulmonary mortality for every 10 µg/m3 increment in PM2.5 

concentrations.  Dockery, (1993) with a relative risk of 1.09 (95 % CI: 1.03 – 1.16) 

for cardiopulmonary mortality and a lung cancer relative risk of 1.14 (95 % CI: 1.04 – 

1.23).  Based on a prospective cohort study (Pope et al, 1995) to transform changes in 

the concentration of pollutants to percentages of excess cardiovascular and cancer 

mortality caused by pollution. 

 Changes in pollutant emissions caused by diesel use are likely to increase 

mortality in respiratory diseases and lung cancer.  Potential mortality caused by diesel 

is directly associated with increases in the background mortality rate for 

cardiopulmonary diseases and lung cancer in Hong Kong (premature deaths caused).  

Background levels for cardiopulmonary and lung cancer mortality in 2016 were 

obtained from the Health Ministry in Hong Kong.  The value of statistical life (VSL) 

is used to monetize health damages due to mortality caused by diesel use.   

 The Value of Statistical Life (VSL) in Hong Kong is used to estimate the 

health costs for cardio-respiratory and lung cancer deaths averted by the use of every 

diesel fuel.  VSL is a measure of what an individual is willing to pay for a small 

reduction in risk and depends on the country’s willingness-to-pay indicators. 

 There are different methods to estimate the VSL in Hong Kong.  The World 

Bank determines the VSL by taking the standard central value that the U.S. EPA 

assigns for every life in 2016 (USD9.6 Million/life), then multiplies this number by a 

purchasing power parity factor between Hong Kong and the United States of 

America. 

 

VSLHK = VSLUSA x (GDPHK/GDPUSA)ε  



 

 

 

Where:  

VSLHK: Value of Statistical Life in Hong Kong 

VSLUSA: Value of Statistical Life in the USA 

GDPHK: Hong Kong’s Gross Domestic Product in Purchasing Power Parity 

GDPUSA: U.S. Gross Domestic Product in Purchasing Power Parity 

ε: Income Elasticity of Demand for Health 

 

Income elasticity between zero and one indicates that demand is relatively 

insensitive to income.  Values greater than 1 indicate that demand is considered a 

luxury.  The standard practice is to determine VSL intervals using income elasticity 

values of 0.4 and 1. 

 Miller developed a model for estimating VSL based on a regression analysis 

of 60 willingness-to-pay (WTP) studies in 13 countries with per capita GDP above 

$2500/person (R2= 0.91) (Miller, 2003). The mortality costs for each pollutant are 

calculated separately for the just diesel scenario.    

 

Electric Buses Scenario 

 The process starts by estimating costs for the use of an electric bus in Hong 

Kong.  Costs are divided into three fields:  Capital costs, operational costs and health 

costs.   

Capital Costs for an Electric Bus 

 The electric bus scenario considers that part of the vehicle fleet will be 

replaced with new buses in the next ten years.  For that reason, the cost of a new 

electric bus will be considered as the capital cost for this scenario.  An attempt was 



 

 

 

made to obtain the replacement schedule for the vehicle fleet from Hong Kong’s 

Environmental Protection Department (EPD.)  However, this information was not 

available, and a couple assumptions had be proposed using a 5% and 10%  

replacement of the vehicle fleet every year.  This alternative sub-scenario was used in 

a sensitivity analysis for capital costs for an electric bus scenario.    

 

Operational Cost of Electric Buses 

 Most of the operational costs for electric buses come from electricity 

consumption.  Average electricity use per km will be estimated by compiling records 

of electricity use per vehicle kilometers traveled from bus companies or electric buses 

manufacturers. Average annual cost per KWh in Hong Kong will be estimated by 

checking pricing records from July of 2015 to the end of June of 2016.  Maintenance 

costs will be estimated by checking suggested maintenance schedules by the electric 

bus manufacturers and cost records for different bus companies around the world that 

are already using electric buses.  

 

Health Cost of Electric Buses 

 Health costs will be determined by monetizing health impacts (mortality and 

morbidity) derived from using franchised electric buses in Hong Kong.  The process 

starts by identifying total daily emissions for primary and secondary fine particulate 

matter (PM2.5) for the electricity used to charge the equivalent of 1 million bus 

kilometers in Hong Kong.  Emissions come from estimating the electricity fuel mix in 

Hong Kong and then allocating emission factors for each type of fuel to get a single 

value for PM2.5, SO2 and NOx emissions per KWh.  This unified emission factor per 



 

 

 

KWh for each pollutant in Hong Kong was multiplied by the number of kilowatt- 

hours required to run 1 million bus kilometers.   

Intake fractions for PM2.5, SO2 and NOx from power plants in Hong Kong 

have not been previously estimated, but they can be calculated by using national 

average values for primary and secondary PM2.5 for power plants and mobile sources 

in the U.S. (Wolff, 2000).  

 

Table 4. National average values for primary and secondary PM2.5 intake fractions for 

power plants and mobile emissions in the United States of America (Wolff, 2000) 

Source Pollutant Mean 
Lower 
Bound 

Upper 
Bound 

Power 
Plants 

PM2.5 2.20E-06 2.50E-07 6.30E-06 

SO2 

secondary 
PM2.5 

2.20E-07 8.30E-08 3.00E-07 

NOx 
secondary 
PM2.5 

3.50E-08 9.60E-09 7.50E-08 

Mobile 
Emissions 

PM2.5 9.10E-06 1.20E-06 1.80E-05 

SO2 

secondary 
PM2.5 

1.80E-07 4.80E-08 3.70E-07 

NOx 
secondary 
PM2.5 

3.10E-08 5.30E-09 6.60E-08 

 

Factors for intake fractions for power plants in Hong Kong are estimated by 

dividing the intake fraction values for power plants for each pollutant in Wolff’s table 

by its correspondent intake fraction value for mobile sources.  Intake fractions then 

multiply these factors for mobile sources for Hong Kong.   Once intake fractions for 

power plants in Hong Kong are estimated, then the same equation will be used to 

transform diesel tailpipe emissions to differences in exposure concentrations for 

pollutants.  It will be used in this case with the same population and breathing rate 



 

 

 

values previously used to estimate health impacts caused and to monetize such 

benefits (Figure 4; Figure 5).  

 

 
Figure 4. Raw data correlation diagram for estimating health costs of diesel and 

electric vehicles 

 

 

 
Figure 5. Directed Acyclic Graph for estimating health impacts of diesel and electric 

buses in Hong Kong 

 

 

 

 



 

 

 

Natural Gas Buses Scenario 

 The process starts by estimating costs for the use of a natural gas bus in Hong 

Kong.  Costs are divided into three fields:  Capital costs, operational costs and health 

costs.   

 

Capital Costs for A Natural Gas Bus 

 The natural bus scenario considers that part of the vehicle fleet has been 

replaced with new buses in the next ten years.  For that reason, the cost of a new 

natural gas bus was considered as the capital cost for this BAU scenario.  The same  

assumptions for bus replacement were proposed at 5%, and 10% replacement of the 

vehicle fleet every year.  This alternative sub-scenarios were used in a sensitivity 

analysis for capital costs for a natural gas bus scenario.    

 

Operational Cost of Natural Gas Buses 

 Most of the operational costs for natural gas buses come from natural gas 

consumption.  Average gas use per km was estimated by compiling records of natural 

gas use per vehicle kilometers traveled from bus companies or natural gas buses 

manufacturers. Average annual cost for natural gas in Hong Kong was estimated 

based on pricing records from July of 2015 to the end of June of 2016.  Maintenance 

costs were also determined by monitoring suggested maintenance schedules by the 

natural gas bus manufacturers and cost records for different bus companies around the 

world that are already using natural gas buses.  

 



 

 

 

Health Cost of Electric Buses 

 Health costs was determined by monetizing health impacts (mortality and 

morbidity) derived from using franchised natural gas buses in Hong Kong.  The 

process started by identifying total daily emissions for primary and secondary fine 

particulate matter (PM2.5) for natural gas buses for the equivalent of 1 million bus 

kilometers in Hong Kong.  Emissions were estimated using emissions’ information 

from other places where natural buses are used (Table 5).  

Once emissions per km and for the functional unit of comparison were 

estimated, the same equation used to transform diesel tailpipe emissions to differences 

in exposure concentrations for pollutants was used in this case with the same 

population as well as breathing rate values previously used to estimate health impacts 

caused and monetize such benefits.  

 

Table 5. Historical emissions for natural gas buses compared to diesel buses in the 

United States of America (Argonne National Labs, 2012) 

 

   

 

 

 



 

 

 

Research Limitations 

 

 

This research makes several key assumptions that need to hold to have a 

reliable assessment.  The first one is that reported information from transportation and 

environmental authorities is reliable and applies to Hong Kong.  For example, the 

number of franchised buses, the proportion of diesel buses with different pollution 

prevention technologies (Euro-I, II, III, IV, V, and so on.)  The fuel and electricity 

costs are comparable among bus companies.  For instance, the analysis would be 

invalid if bus companies were getting different fuel prices due to special fiscal 

incentives or if they were generating their own electricity instead of using Hong 

Kong’s electricity mix from the grid.  Moreover, different types of intake fractions 

have similar proportions concerning primary PM2.5 intake fractions.  It is highlighted 

in previous studies which are conducted in densely populated metropolitan areas in 

Mexico or the United States (secondary intake fractions from sulfates are about 10 

times smaller than primary PM2.5 intake fractions, while secondary intake fractions 

are about 60 to 90 times smaller than primary PM2.5 intake fractions, etc.)  Moreover, 

the electric and natural gas bus technologies in China have comparable performance 

to similar techniques used in the United States of America and Europe. 

Due to limitations in resources and time constraints, information accountable 

for different vehicle technologies in Hong Kong were not primarily measured, and 

instead have utilized secondary information instead.  There are also very few 

examples of electric buses operating in South-east Asia, thus it is likely that this 

research might have a slight selection bias.  Nonetheless, this is caused by the limited 

sample size of a particular technology, and not by lack of randomization of by 

premeditated selection to drive any particular results.  



 

 

 

Finally, this research only applies to Hong Kong, and its results are not 

generalizable to other parts of the world.  However, similar research tools can be used 

in other cities to estimate the cost effectiveness of introducing new transportation 

technologies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Results 

Scenarios 

 Multiple scenarios with various levels of electric bus fleet subsidization have 

been evaluated with the aim of deriving monetized health impacts from franchised, 

electric buses.  The scenarios started at subsidizing 5% of the entire existing bus fleet 

with electric buses, followed by 10%, 50% and 100% subsidization.  The costs 

presented in each scenario are derived from estimated operational and capital costs 

incurred from the level of subsidy.  The concluded monetized health impacts are then 

estimated using simulation models discussed in the earlier section of methodology. 

In estimating operation costs run by electric buses, the general tariff at 

HKD1.232 per kWh published for year 2015 by the most significant power supplier in 

Hong Kong, China Light & Power was adopted.  The average annual journey traveled 

in kilometers by all franchised buses was 231,644,000 that was obtained for years 

2015 and 2016 from the Transport Department of Hong Kong.   In establishing the 

annual power consumption by electric buses in various scenarios, the acquired BYD 

K9 model’s battery capacity and range in kilometers were considered.   

 

Table 6. Battery capacity, range and charging time for electric buses in Hong Kong.  

Bus 
Manufacturer 

Range 
(km) 

Battery Capacity 
(kWh) 

Charging 
Time 

Annual Power 
Consumption (kWh) 

BYD 250 324 5 hours 302,282,632 
 

 

Based on the factors and costs shown in the above, the operation costs for 

subsidizing 5%, 10%, 50%, and 100% of the bus fleet with electric buses was 

estimated.  Before digging deeper into the scenarios, two other factors had been taken 

into consideration – the cost of fuel oil used in estimating running costs of diesel 



 

 

 

buses in business-as-usual scenario, and the capital costs for bus acquisition whether 

it be a new electric bus or a replacement of pre-Euro V diesel buses. 

 

Fuel Oil/Diesel 

 The Hong Kong Energy Statistics Report in 2016 showed that fuel oil has an 

average unit value of HKD1.73 per liter over the period of July 2015 to June 2016.  In 

estimating operation costs for diesel buses, the types and models of diesel buses were 

taken into consideration.  According to the Electrical and Mechanical Services 

Department of the Hong Kong Government, a double decker bus has an average 

diesel consumption of 66.2 liters per 100 kilometers compared to 24.8 liters per 100 

kilometers with a single decker bus (EMSD, 2016.)  It was also found that 90% of the 

5,828 franchised diesel buses in Hong Kong are double decker buses.   

 

Table 7. Basic statistics for franchised buses in Hong Kong in 2016. 

Source: Transport Department, 2017. 

 

Without factoring in the maintenance costs, the annual cost of diesel per bus 

comes to an outstanding price at HKD42,673, or USD5,485.  Its favorable cost is the 

most compelling reason why diesel fuel still remains as a widely used component for 

larger engines in transportation fleets.  When it comes to looking at the various 

models of diesel buses, the fuel efficiency highly varies among the bus models.  The 

Government had planned to replace the 2,688 Euro II diesel buses by 2019, and 

% of Double/Single Decker Buses 90% 10% 

Number of franchise buses: 5,245 583 

Annual km traveled: 208,471,651 23,172,349 

Annual diesel use liter/km: 138,008,233 5,746,743 

Annual Cost of Diesel use 248,696,107   

Annual Diesel Cost per Bus: 42,673 HKD 



 

 

 

remaining 1,233 Euro III diesel buses by 2026. A study carried out by the Journal of 

Benefit-Cost Analysis conveyed that 1,260 lives would be saved over the next 13 

years if these 5,170 conventional diesel buses would be replaced with the cleaner 

Euro V models (Kao, 2013).   

The associated acquisition and replacement costs of cleaner Euro V or newer 

model buses will surmount to HKD14 billion, an equivalent of USD1.8 billion, and at 

HKD5,000,000 or USD642,674 per bus unit acquisition.  Of which, HKD8 billion is 

paid out by franchised bus operators, and HKD6 billion from Government subsidies.  

The same study projected a financial reward of HKD26 billion in net economic 

benefits from these acquisitions that will attribute to lowered hospital costs and 

regained productivity.   

 

Scenario Findings 

One of the key components in evaluating the change in the number of 

pollutants in each scenario is to estimate the associated annual PM2.5 and SO2 

emissions per year as a result of the substitution scenario.  The emissions rate at PM2.5 

grams per kilometer of diesel used was estimated for both single and double-decker 

buses using Table A8 on page 34 of the GREET Report.  The emissions rate of PM2.5 

grams per kilometer traveled was also derived utilizing the current 2016 energy mix 

and the proposed mix for 2020 for comparison purpose.   

The average vehicle kilometers traveled (VKT) per bus was estimated using 

the annual kilometers traveled by franchised buses.  The PM2.5 emissions associated 

with adoption of diesel, natural gas, and electric buses per day was determined with 

consideration to the ratio of single and decker buses in the existing fleet.  Next, the 

delta changes to the PM2.5 were estimated for each of the diesel, natural gas, and 



 

 

 

electric buses scenario utilizing both the current 2016 energy mix and the 2020 

proposed grid and using the delta change for diesel buses as a baseline for 

estimations.   

The same principles applied for the derivative of the annual SO2 and reduction 

in NOx emissions associated with each substitution scenario.  The emissions factors 

of SO2 and NOx gram per kilometer of diesel use were derived from the GREET 

Report.  The SO2 and NOx factors were incorporated into the estimation of relevant 

emission factors that were associated with the generation of electricity.  Both the 

current 2016 energy mix and the proposed 2020 grid were used for scenario analyses 

in the substitution of electric buses.  The overall change in concentration of PM2.5 in 

micrograms per cubic meter was also estimated.   

 
 
Table 8. Emission Factors for Electricity in Hong Kong in 

2016 in gr/KWh 

    

Fuel SO2 NOx PM2.5 

Coal (Bituminous) 4.7367 1.4642 0.1786 

Natural Gas 0.002 0.0629 0.00083 

Oil 3.2991 1.353 0.1159 

Biomass 19.704 7.047 2.2122 

Nuclear 0 0 0 

Photovoltaic 0 0 0 

Wind 0 0 0 

Biogas 0.4447 2.44 0.0323 

Hydro 0 0 0 

HK Grid 2016 1.947 0.6806 0.0754 

HK Grid 2020 1.19 0.499 0.04884 

    
 

 

 

 

 

 



 

 

 

Table 9. Emission factors electricity in 2016 in Hong 

Kong in gr/km traveled by an electric bus 

    

Fuel SO2 NOx PM2.5 

Coal (Bituminous) 6.15771 1.90346 0.23218 

Natural Gas 0.0026 0.08177 0.001079 

Oil 4.28883 1.7589 0.15067 

Biomass 25.6152 9.1611 2.87586 

Nuclear 0 0 0 

Photovoltaic 0 0 0 

Wind 0 0 0 

Biogas 0.57811 3.172 0.04199 

Hydro 0 0 0 

HK Grid 2016 2.5311 0.88478 0.09802 

HK Grid 2020 1.547 0.6487 0.063492 
 

The associated annual PM2.5 increased as the substitution of electric buses 

increase, and at 100% substitution, PM2.5 was estimated at 8.68 tons per year.  The 

same trend for associated annual SO2 was observed when the replacement of electric 

buses increased, and at full capacity, the annual SO2 was estimated at an annual of 

356.41 tons.  The associated NOx reduction had increased with the substitution, and at 

full capacity, an annual of 203.05 tons of NOx reduction was noted.  The overall 

change in concentration of PM2.5 also increased with substitution, and at full capacity, 

the increase in concentration was 0.0868 micrograms per cubic meter. 

 

Table 10. Changes in PM2.5 concentrations under different substitution scenarios for 

the franchised buses in Hong Kong in 2016 (diesel to electric buses) 

e-buses 
Substitution 
Scenarios 

Associated 
Annual 
PM2.5 

Emissions 
(in tons) 

Associated 
Annual 
SO2 

Emissions 
(in tons) 

Associated 
NOx 
Reduction 
(in tons) 

Overall change in 
concentration of 
PM2.5 

(micrograms/m3) 



 

 

 

at 5% +0.43 +17.82 -10.15 0.0043 

at 10% +0.87 +35.64 -20.31 0.0087 

at 50% +4.34 +178.21 -101.53 0.0434 

at 100% +8.68 +356.41 -203.05 0.0868 
 

Monetary Health Benefits 

 In defining the monetized health costs thus benefit-cost ratios, the excess 

number of deaths associated with each substitution scenario was estimated through 

the CVD mortality.  Background mortality rates in Hong Kong were of 4,123 lives per 

year in 2016.  The value of statistical life in Hong Kong is estimated at 

HKD37,360,000 (USD4.7 Million/life saved).  Considering that overall PM2.5 

increases in all-electric bus scenario substitutions and the Six Cities epidemiological 

study (Dockery et al, 1993), I estimate that switching all franchised diesel buses in 

Hong Kong to electric buses might cause 3.2 excess deaths per year which would 

translate to HKD119,5520,000 (USD15.32 Million).  The health costs are 

HKD0.0041 per HKD spent in switching to electric buses.  There are no health 

benefits associated to this switch in technology. An upward trend of the excess deaths 

and monetized health costs in the association of full substitution of electric buses was 

demonstrated, and my overall conclusion is that the adoption of electric buses 

imposes hazardous impacts to human health in Hong Kong (Table 11). 

 

Table 11. Summary of changes in pollution concentrations, excess deaths, health 

damages and benefit cost ratios for different scenarios of switching from diesel to 

electric buses for franchised vehicles in Hong Kong. 



 

 

 

e-buses 
Substitution 
Scenarios 

Overall change in 
concentration of 
PM2.5 

(micrograms/m3) 

Excess 
deaths 
associated 
with 
scenario 

Monetized 
Health 
Costs 
(HKD) 

Benefit-Cost 
Ratio 
(Benefits/Costs) 

at 5% 0.0043 0.161 6017596 -0.0041 

at 10% 0.0087 0.322 12035193 -0.0041 

at 50% 0.0434 1.611 60175963 -0.0041 

at 100% 0.0868 3.221 120351926 -0.0041 
 

 

Health and Environmental Effects of the Substitution to Natural Gas Buses 

 A similar process is used to estimate changes in emission concentrations for 

overall PM2.5 due to the substitution of all franchised buses in Hong Kong to natural 

gas.  In this case, I consider emissions factors for criteria pollutants estimated in 2012 

by the U.S. Environmental Protection Agency (Table 5), I keep the same background 

cardiovascular mortality of 4,123 people per year and use the Six Cities Study to 

transform changes in pollution concentration for overall PM2.5 into excess deaths for 

each scenario.  Results for all scenarios show a reduction in the emission of PM2.5, 

SO2, and NOx which yield in the decrease in overall concentrations for fine 

particulate matter that save lives in all cases (Tables 12 and 13).  A switch of all 

franchised diesel buses in Hong Kong to natural gas might save 0.62 lives per year 

with a benefit cost ratio of 0.0009 HKD per HKD spent (Table 13).  This shows that 

switching from diesel buses to natural gas buses has just marginal health benefits, but 

it is still better than switching from diesel to electric buses (Table 14).   

 

 



 

 

 

Table 12. Changes in PM2.5 concentrations under different substitution scenarios for 

the franchised buses in Hong Kong in 2016 (diesel to natural gas buses) 

Natural Gas 
Buses 
Substitution 
Scenarios 

Associated 
Annual 
PM2.5 
Emissions 
(in tons) 

Associated 
Annual 
SO2 
Emissions 
(in tons) 

Associated 
NOx 
Reduction 
(in tons) 

Overall change in 
concentration of 
PM2.5 
(micrograms/m3) 

at 5% -0.24 -0.066 -16.72 -0.0008 

at 10% -0.48 -0.132 -33.44 -0.0017 

at 50% -2.38 -0.662 -167.19 -0.0085 

at 100% -4.77 -1.324 -334.37 -0.0169 
 

 

Table 13. Summary of changes in pollution concentrations, excess deaths, health 

damages and benefit cost ratios for different scenarios of switching from diesel to 

natural gas buses for franchised vehicles in Hong Kong. 

Natural Gas 
Buses 
Substitution 
Scenarios 

Overall change in 
concentration of 
PM2.5 

(micrograms/m3) 

Excess 
deaths 
associated 
with 
scenario 

Monetized 
Health 
Costs 
(HKD) 

Benefit-Cost 
Ratio 
(Benefits/Costs) 

at 5% -0.0008 -0.031 -1173244 0.0009 

at 10% -0.0017 -0.063 -2346488 0.0009 

at 50% -0.0085 -0.314 -11732442 0.0009 

at 100% -0.0169 -0.628 -23464885 0.0009 
 

 

 

 

 



 

 

 

Table 14. Summary of results for switching all franchised buses in Hong Kong to 

electric or natural gas buses 

Scenario 

Overall change in 
concentration of 
PM2.5 
(micrograms/m3) 

Excess 
deaths 
associated 
with 
scenario 

Monetized 
Health 
Costs in 
Hong Kong 
Dollars 
(HKD) 

Benefit-Cost 
Ratio 
(Benefits/Costs) 

Business-As- 
Usual (Diesel 
buses) 

0 0 0 

None (no 
change in 
franchised 

buses) 

Switching all 
franchised 
buses from 
diesel to 
electric 

+0.0868 3.221 120351926 -0.0041 

Switching all 
franchised 
buss from 
diesel to 
natural gas 

-0.0169 -0.628 
-23464885 
(Savings) 

0.0009 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Discussion 

 

 My unbiased research results show that the adoption of electric buses is likely 

to increase pollution for the city of Hong Kong.   Although roadside pollution (mobile 

emissions) would be reduced, these reductions are likely to be upset by increased 

pollution from nearby power plants which are all located within 50 kilometers of the 

residential areas (single point emissions).  Therefore, the emissions released from the 

use of electric buses from power plants may have a direct health impact on the city.  

This indicates that the adoption of electric buses or electric vehicles in Hong Kong is 

not viable at the moment unless there is a drastic reduction of coal in the current 

electricity mix. 

 The proximity of the coal-fired power plants to the city of Hong Kong (less 

than 50 kilometers away from most populated areas in this special administrative 

region) increases the significance of controlling PM2.5 and sulfur emissions and 

reduces the effects of reductions of roadside emissions.  Given this factor, a focus on 

the continuous improvement of the city’s energy mix or other viable solutions to 

addressing the toxicity of the coal-fired components is imperative.  According to the 2 

°C climate science, we are in the middle of an important three-year transition to the 

2020 goal of not letting global emissions peak.  In an attempt to efficiently address the 

relatively high component of coal use in the city, a combination of pollution 

prevention technologies in power plants, scientific research, and innovative measures 

is crucial to achieving the city’s and national climate goals committed by the Chinese 

Government. 

 Previous studies have found that renewable energy generation requires many 

infrastructure setup requirements which the city of Hong Kong does not meet at the 



 

 

 

moment as the territory is not large enough to have biofuel operations, large-scale 

wind or solar farms.  Existing applications of desulfurization systems – a group of air 

pollution control devices, known as scrubbers, installed at most coal-fired plants in 

Hong Kong has shown to efficiently capture sulfur dioxide from the exhaust.  It is 

then concluded for the short term, a focus on seeking and applying suitable 

technology that aims at removing fine particular matter emitted by coal-powered 

plants may be the most viable and cost-effective solution with the current state of the 

art of technology.  At the same time, the 2017 carbon trading scheme introduced in 

China is seeking to use blockchain technology to help streamline processes allowing 

businesses to transfer and manage carbon credits with transparent means, providing 

opportunities for informed policy decision making. 

 A scenario of substituting the existing bus fleet with liquefied natural gas 

buses was also conducted, and the results show some marginal health benefits due to a 

moderate level of pollutant reductions.  The Hong Kong Government has previously 

conducted extensive research on the viability of building and adopting natural gas 

filling facilities, and results have shown that the city simply does not have the area 

and geographic conditions available and required for the adoption and set up of such 

infrastructure facilities.  Given this stance, we are likely to rule out natural gas bus 

substitution due to lack of infrastructure.  However, the natural gas scenario analyses 

were used to show the levels of comparative changes in the pollutants concentration, 

thus, the reduction of resulting excess deaths, and monetized health costs. 

 According to a similar analysis, estimating the health impacts of the proposed 

2020 electricity mix for Hong Kong (Figure 1) could lead to potentially saving 308 

lives.  It can save HKD11.5 billion in monetized health savings a year from the 

reduced health impacts through lower concentration of coal used in the mix, thereby, 



 

 

 

reducing the PM2.5 concentration by 8.28 micrograms per cubic meter a year.  This 

further strengthens the argument that the proposed changes and continuous 

improvement to the existing electricity mix carried out by the Hong Kong 

Government might be the most viable and efficient way to curb emissions for air 

pollutants that affect human health. 

For now, the lack of a clean energy mix and lack of infrastructure and high 

costs for switching to electric and natural gas technologies is making changes in the 

composition of transportation technologies in franchised buses in Hong Kong which 

is very expensive with detrimental or very marginal positive results.  Therefore, my 

recommendation to policymakers is that no changes should be implemented at this 

time and that all efforts to reduce air pollution in Hong Kong should be aimed at 

changing the electricity mix to cleaner fuels.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Conclusion 

 

The research conducted for the thesis produced unbiased, and objective results 

for the consideration of electric buses adoption in a densely-populated city like Hong 

Kong.  The results show that despite capital expenditures and increased operation 

costs, the adoption of electric vehicles (inclusive of electric buses) is not an effective 

means to curb air pollution in Hong Kong.  The proximity of coal power plants to the 

habitat areas makes roadside pollutant emissions’ reductions insignificant compared 

to the increase in point emissions from power plants if electric vehicle technologies 

are adopted.  Thus, the focus on continuous improvement in the energy mix is an 

efficient means of curbing pollutions from its roots.  This thesis also gives hope by 

estimating the health benefits of the proposed 2020 electricity mix which will increase 

the share of natural gas and decreases coal.  This analysis estimates that the 2020 

electricity mix for Hong Kong is likely to reduce excess deaths by 308 lives per year 

and the associated monetary health savings might be in the range of HKD11.5 billion 

per year (around USD1.47 Billion in health savings per year). 

The objective results presented in this scientific and health analyses have led 

to several proposed solutions with short-term focus on adopting suitable technology to 

removing toxic fine particulate matters from the exhaust of coal power plants, and 

actively utilizing China’s carbon trading scheme, providing worthy consideration and 

potential investment opportunities.  The longer-term measures should focus on 

continuous improvement in the energy mix through increased uptake of renewable 

energy and transition to low carbon intensive electricity generation technologies.  

These proposals might provide opportunities for sound policy decisions based on 

capital expenditures and potential health benefits. 
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General comments  

1. As I’ve stated previously, your research is fascinating, extremely relevant, and 

much needed.  I concur with the grade that your thesis director, Dr. Sanchez 

provided for this work. 

  

2. However, the writing needs to be improved before the thesis can be granted full 

approval. 

  

3. It’s important that you guide your reader through the organization of this thesis. 

• Preparing a Table of Contents is a critical first step in this regard; 

• Within your text, you should set up supportive discussion through the use of 

“bridging statements” or “bridging paragraphs.”  E.g. see my p.17 edits: 

“ In addition to the energy mix,  further closing of  the knowledge gap 

requires  

understanding relative impacts of such variables as: 

•          the decision making process,  

•         bus reliability, 

•         availability of charging stations, and  

•         battery disposal.”  

The corresponding discussions of each of these topics should follow in 

the order introduced by your bridging text.  

  

4. To increase the impact of your writing and its flow many of your sentences can be 

restructured and shortened (often by 15% or more).  The result will be a much 

more readable document.  My editing stopped at page 20 (at “Research 

Questions and Hypotheses”).  

            Applying this  approach, we need you to continue the editing for the 

remainder of the draft.  I will then review your revisions to ensure that these 

incorporate both of our edits.  Hopefully it won’t take a further round of revision 

for your thesis to then be merited as fully approved. 

  

  

Specific notes 

For consistency, I modified your use of 1st person singular & plural (I & we). 



 

 

 

• When you are describing work that you conducted—as the sole author of this 

thesis—use 1st person singular. 

• When you speak in general of a widespread practice—e.g. “However, if we dig 

deeper into the power generation source” – you can say either “we dig 

deeper…” or, more formally “one digs deeper…”. 

Replace each use of “CO2” with “CO2” 

Many of the specific edits I made might have been identified using Grammarly.com 

and/or  making use of the Writing Center here at the Extension 

School.   Often our students have a peer with strong English writing skills 

make a further review of their thesis before it gets submitted to the research 

advisor for final approval. 

--Rick Wetzler, 1/23/18 
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