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Abstract

Purpose — Shipping is a major source of air pollution, causing severe impacts on the environment and human
health, greatly contributing to the creation of greenhouse gases and influencing climate change. The research
was investigated to provide a better insight into the emission inventories in the Red River in Hanoi (Vietnam)
that is often heavily occupied as the primary route for inner-city waterway traffic.
Design/methodology/approach — The total emissions of seven different pollutants (PM;,, PMs 5, SOy, CO,
CO,, NO4 and HC) were estimated using the SPD-GIZ emission calculation model.

Findings — The results show that CO, has the most significant contribution to the gas volume emitted: 103.21
tons/day. Remarkably, bulk carriers are the largest emission vehicle, accounting for more than 97% of total
emissions, due to their superior number and large capacity.

Social implications — The result to have a roadmap for making efforts to fulfil its commitment so that it could
achieve its net-zero climate target by 2050 in Vietnam as committed at COP26.

Originality/value — In this research, the number of vehicles and types of vessels travelling on the Red River
flowing within Hanoi territory and other activity data are reported. The tally data will be used to estimate
emissions of seven different pollutants (PM;o, PM, 5, SOy, CO, CO,, NO, and HC) using a method combining
both top-down and bottom-up approaches.
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1. Introduction

Shipping, a significant share of the global cargo is transported by waterways, which is a
very important factor in the economic growth over the world (Ivce et al, 2019; Thach,
2014). Vessels sailing on inland rivers, lakes, canals and reservoirs include the categories
listed for oceangoing ships, but in most coastal countries a higher proportion of smaller
boats and recreational watercraft prevail (Ivce et al, 2019). Today, waterways
transportation is one of the most economical and least pollutant emissions measured by
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ton-km tonnage of goods transported (Thach, 2014). On average, as measured in ton-km,
shipping by waterways can save fuel from 3.5 to 4.0 times compared to road transportation
and up to 1.5 times compared to rail transportation (Blancas and El-Hifnawi, 2014). In
Vietnam, estimated results by Blancas and El-Hifnawi (2014) sent to the World Bank
showed that the inland waterway transport by 2030 will only be second to road
transportation with 35% of the total volume of the goods transported, corresponding to
395 million tons/year. Nevertheless, the inland waterway transport means Vietnam are
mainly small-capacity vessels, many of which are self-constructed and unregistered,
making them difficult to be managed (Blancas and El-Hifnawi, 2014; JICA, 2010).
Furthermore, cheap and poor-quality fossil fuels (diesel, coal, etc.) are often used to operate
vessels (MONRE, 2016). The combustion of these fuels produces various air pollutants (i.e.
black carbon — BC, particulate matters PM;, PM, s, SO,), greenhouse gases (including
CO,, N5O, CH,) and other gases. In order to appreciate the contribution of these pollutants
to the total local emissions, it is necessary to conduct an emissions inventory (EI) (Khue
et al, 2019; Le et al., 2020).

Consequently, to manage air quality, EI is an essential task that needs to be carried out
(MONRE, 2016). In Vietnam, there is currently no national EI programme (Le et al., 2020,
MONRE, 2021). However, EI in scientific research for one or a few specific fields have been
conducted in several cities, such as Hanoi, Ho Chi Minh, Bac Ninh and Can Tho. Significantly,
the EI for inland vessels is limited within research conducted in the Me Kong River Delta area,
including Ho Chi Minh City (Bang et al., 2019; Khue et al., 2019) and Can Tho (Bang et al,, 2018).
However, it is not conducted in the Red River Delta area (RRD). Furthermore, most vessels EI
research were conducted only in ports with ocean-going vessels (OGVs), and calculations for
emissions from smaller vessels operating in the river were still missing, such as the research
in Can Tho (Bang et al, 2018). In this research, the number of vehicles and types of vessels
travelling on the Red River flowing within Hanoi territory and other activity data are
reported. The tally data will be used to estimate emissions of seven different pollutants
(including PM; 4, PM, 5, SO, CO, CO,, NO, and HC) using a method combining both top-down
and bottom-up approaches.

2. Methodology

2.1 Study area and framework

Hanoi currently has seven long interprovince rivers flowing through its territory (Red River,
Duong River, Da River, Nhue River, Cau River, Day River and Ca Lo River). Inside the city,
there are three short rivers (To Lich River, Kim Nguu River and Tich River) and two small,
narrow rivers (Set and Lu River) (Bao et al., 2019). However, only the Red River and Duong
River are the main corridors in the North Vietnam river system with vessel activities (Blancas
and El-Hifnawi, 2014). Significantly, the Red River is the largest and most important among
rivers flowing through Hanoi as it is a water supply source for all remaining rivers. Therefore,
we only carry out an EI on the Red River.

The Red River (RRI, Song Hong in Vietnamese) runs in three countries, including Vietnam,
Laos and China, with a total watershed of 156.451 km? and flows 1,200 km south-eastward
(Trinh et al, 2017). A part of the 130 km long river, out of the total 510 km in Vietnam, runs
from northwest to southeast in Hanoi capital (Figure 1) that was selected as a study area;
hereinafter it is noted as RRH.

The RRH is knowledge as it is an arterial waterway of RRD in Vietnam. Downstream, the
RRH expands and has many convenient tributaries for trade, attracting an overwhelming
number of water means of transport. The investigation involved tallying the number of
waterway vehicles and surveying to determine the total emission of the RRH. The technical
route for the estimate of an air pollutant emission for the inland vessels of the RRH is shown in
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Figure 1.

Overview of the Red
River runs in Hanoi
capital. This map was
generated using
ArcGIS version 10.2
(https://desktop.arcgis.
com/en/arcmap/)

Figure 2. To investigate the EI, it was separated into three phases as shown in Figure 2, those
are including study area selection, data collection and emission estimation.

2.2 Data collection

2.2.1 Investigation data. To investigate the EI for inland vessels transportation on the RRH,
the method used both activity data and emission factors (EF). The study area (Figure 1) was
separated into two sections for accounting. The first section (S1), 71.35 km long, starts from
where the RRI joins Hanoi (Phong Van commune, Ba Vi district) to where the Duong river
branches from RRI (Ngoc Thuy commune, Gia Lam district). At the end of S1, many vessels
enter the RRI from the Duong river and vice versa. Thus, the number of vessels on the RRH
changes markedly will affect the total emission of the study area. The second section (S2), 2,
57.11 km long, connects with S1 and follows the downstream till the end of Hanoi area (Quang
Lang commune, Phu Xuyen district).

Subjects selected for the study include two main types of vessels on the RRH: bulk carrier
and ferry. Ferry is mainly divided into two classes: Class I includes large vessels that allow
cars to get on, and class II includes smaller vessels that can only transport people and small
motorized vehicles such as motorbikes and bicycles across the river. The larger the vessel, the
larger the capacity, and it will affect the emissions more severely. Notably, ferries only move
horizontally between the two sides of the river to serve the travel needs of people, while the
other type of vessel moves along the stream and mainly carries local produce, coal and
building material.

The daily number of bulk carriers was simultaneously counted at two sites, Lien Mac
port and Khuyen Luong port, representing the S1 and S2, respectively (Figure 1). These are
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Figure 2.

Technical route to
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two major ports of Hanoi, so they attract a noticeable number of vessels. In particular, they
have convenient locations and clear views, suitable for research teams to conduct the
tallying process. The hydro-meteorological characteristics of North Vietnam influenced the
RRH hydrological regime. Usually, the flood season (rainy season) is from May to October,
and the dry season is from November to May of the following year (Blancas and El-Hifnawi,
2014). Therefore, the dry season in the study area includes six months, equivalent to about
180 days per year. During the dry season, low water levels and river speed in the RRH make
navigation difficult (Blancas and El-Hifnawi, 2014). However, the tallying process was still
conducted on 3 April 2021, because it rained in Hanoi the previous days, causing the
riverbed water level to rise, creating favourable conditions for waterway transportation.
Thereby, the study results could represent the emissions from vessels at the RRH on days
with high traffic.

The project selected a tallying method in EI for the following reason: Vessels on the RRH
originate from many localities, and many do not have registration numbers. As a result, the



data of inland waterway vehicle quantities from national registry centres will be incomplete.
Therefore, the direct tally of the vehicles appearing at each section will allow collecting the
exact number of vehicles compared to reality. The number of vehicles counted during the
study period is presented in Table 1.

2.2.2 Vessel parameters. Engine power data recorded on the registration certificate of
inland waterway vessels are inaccurate because the vessels in the study area are usually
tuned to improve productivity. Hence, to collect data that is accurate and consistent with the
current state of the study area, data on engine power, maximum speed and actual speed are
collected by questionnaire and later averaged. The average values of engine power, engine
speed and actual speed are shown in Table 2.

2.2.3 Emussion factors selection parameter. Data on round per minute (RPM) and fuel type
were collected in the survey to select the EFs. The RPM value, available for approximately
68% of the main engines, was used to determine if the engine is high-speed diesel (with
RPM > 1,000), medium speed (with 300 < RPM < 1,000) or slow speed (with RPM < 300) speed
(ENTEC, 2010). Based on the survey results, most vessels operating on the RRH have an RPM
of more than 1,000 and use cheap diesel fuel. Thus, most engines in the study framework are
high-speed diesel type and operate with marine gas oil 0.5%S, commonly sold at gas stations
for trucks and diesel-powered equipment.

2.2.4 Ferries activity data. To gather information on operating frequency, we surveyed
ticket gatekeepers of each ferry pier. Then, the number of ferry rides during the study period
was calculated based on the survey data and considered similar across piers. In this study,
ferry operation is analysed with two modes: cruising and hotelling, in which hotelling
emissions were estimated to capture emissions from vessels while waiting at the piers before
departure (Winijkul, 2020). Every time ferries enter hotelling mode, they are stationary, but
the engine is still running, affecting the emission capacity. The activity data of ferries are
shown in Table 3.

2.2.5 River flow rate. In this study, only an EI of waterway transport vehicles in the dry
season was conducted so that the river flow rate value will be averaged at 1.99 km/h (VMHA,
2021). The river flow rate value was not directly used to estimate emissions in the Sustainable
Port Development (SPD) model created by the Deutsche Gesellschaft fiir Internationale
Zusammenarbeit (GIZ, 2015) (hereinafter, SPD-GIZ model). However, the study conducted an
EI for vessels traveling with/against the river currents. Thus, the river flow rate value was
used to calculate vessel speed affected by the river currents.

2.2.6 Vessel speed. When vessels move against significant river currents, the vessel speed
should be calculated based upon the following: for vessels travelling with the river current,

Bulk carrier quantity

Traveling direction Section 1 Section 2

294 196
147 65

With the river current
Against the river current
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Table 1.

Total number of bulk
carriers obtained from
tallying process

Actual speed (km/h)

Engine power (kW) Engine speed (km/h) Cruising Hotelling
Class I 100 18 7 0
Class IT 70

235 20 10 10

Vessel type

Ferry

Bulk carrier

Table 2.
Average values of
vessel parameters

based on the
surveyed data
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Time (hour) in

ID Ferry pier Section Class Ferry ride quantity mode/ride
1 Co Do 1 I 84 0.10 0.03
2 Van Phuc 1 I
3 Tho Phan — Chu An 1 I
4 Lien Ha — Lien Trung 1 I
100 5 Kim Lan 2 I
6 Van Duc 2 I
7 Van Phuc — Duong Liet 2 I
8 Xam Duong — Xam Hong 2 I
9 Me So 2 I
10 Hong Van — Binh Minh 2 I
11 Chuong Duong — Tu Dan 2 1
12 An Canh — Nam Mau 2 I
13 Dap — Tan Chau 2 I
14 Van Nhan — Dong Ninh 2 1
15 Dai Tap 2 I
Table 3. 16 Vuon Chuoi 2 I
Activity data of 17 Khai Thai — Mai Dong 2 I
ferry piers 18 Giang 2 I
the vessel speed should be the actual speed plus the river speed; for vessels travelling against
the river current, the vessel speed should be the actual speed minus the river speed (US EPA,
2009). Thus, the vessel speed values of each type of vessel are calculated and shown in
Table 4.

2.2.7 Bulk carrier cruising time. For vessels moving along the stream, this research only
conducted cruising mode EI Due to numerous vessels coming from different locations, and
most of them being spontaneous activities, it was not possible to know the full schedule of all
vessels. The cruising time of each vessel type was calculated by dividing the length of each
section by the vessel speed. The vessel found in any section of the study area in the tallying
process is considered to have travelled that whole section with the cruising time shown in
Table 4. This was slightly problematic in that: there could be errors for vessels that do not
travel the entire stretch as previously assumed. However, after an actual investigation, it is
discovered that vessels tend to pass through the study area and do not stop at any point
inside this area. This finding helps to reduce errors, and the research results are reasonably
robust.

2.3 Emussion inventory
Emissions for inland vessels of the RRH were estimated using the SPD-GIZ model. The SPD-
GIZ model is a product of technical cooperation between the ASEAN region and Germany.
Section 1 Section 2
Traveling with the Traveling against Traveling with the Traveling against
river current the river current river current the river current
Table 4. Bulk carrier 11.99 8.01 11.99 8.01
Calculated bulk carrier vessel speed
speed (km/h) and Bulk carrier 5.95 891 476 713

activity time (h)

activity time




It applied the vessel’s EI methodologies suggested by US EPA (US EPA, 2009). The model
was proved to be perfectly suitable for Vietnamese waterways EI conditions as it has been
successfully applied to calculate emissions for the port system in Ho Chi Minh City (Bang
et al, 2019; Khue et al, 2018). In essence, the SPD-GIZ model is a well-designed Excel
spreadsheet with pre-programmed commands and functions, making it like a completed
emissions calculation programme. The only work that needs to be done is to enter vessel
information and activity data collected from the tallying process into the model. Based on the
input data, engine EFs could be looked up automatically. Later, emissions for cruising and
hotelling conditions were calculated by modified equations such as Equations (1) and (2).

E =P*LF*A*EF*107° 1)
LF = (AS/MS)° @

where E'is emissions (tons); P is maximum continuous rating power (kW); LF is load factor
(per cent of vessel’s total power); A is activity (%); EF is emission factor (g/kWh); ASis actual
speed (knots) and MS is maximum speed (knots). The EFs used in this study include both EFs
under cruising and EFs under hotelling conditions referenced from the US EPA’s protocol
(US EPA, 2009).

3. Results and discussion

3.1 Estimation of total air pollutants emission

Based on activity data collected, the SPD-GIZ model illustrated the total emissions of seven
different pollutants. Thus, the daily emissions of PM;, PM, 5, SO, CO, CO5, NO, and HC are
0.052, 0.048, 0.32, 0.23, 103.21, 2.05 and 0.11 tons/day, respectively. It could be seen that CO,
has the most significant contribution to the gas volume emitted, 103.21 tons/day, due to CO,
having the most prominent EF out of all seven air pollutants. In contrast, hydrocarbons (HC)
have a low emission volume, only about 0.11 tons/day. According to the data in Figure 3, as
expected, in good agreement with Resitoglu et al. (2015), NO, has the highest proportion of
vessel pollutant emissions with a rate of 74.21%. Nevertheless, in contradiction to Resitoglu
et al (2015), after NO, emissions, SO, has the second-highest proportion in pollutant
emissions due to the fact that sulphur dioxide (SO5) could be released during the combustion
process of high sulphur content fuels (Resitoglu et al, 2015).
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Figure 4.
Total emission in two
river sections

3.2 Emission in two river sections (S1 and S2)

After the fieldwork and observing the vessels’ navigation habits, the study area was
divided into two sections: The location where Duong River is branching from the RRI was
chosen to separate the two sections. As can be seen in the bar chart from Figure 4, it is
important to note that the total emissions of bulk carriers are twice as in the S1 compared
to the S2. In contrast, emissions from ferries in the S2 will be more outstanding than in the
S1. The S2 has significantly few major road bridges over the river, making ferries the
primary means of transport for people to move across the river. Therefore, the S2 has more
ferry piers than the S1 and mostly only class I ferries can be seen here. The emissions from
class II ferries are equal since both sections have the same number of class II ferries piers.
However, the emissions from both classes of passenger ferries are minimal and
insignificant compared to those from bulk carriers. So, although the emissions from the
ferries in the S2 are more significant compared to S1, data in the pie chart from Figure 4
suggest that total emissions in the S1 are much more abundant than those in the S2. All
pollutants emission in the S1 accounts for more than 67 %. In addition, this disparity is due
to the sudden change in vehicles where the Duong River branches from the RRI. Many
vessels travel through the S1 but do not move through the S2 and turn into the Duong
River. Thus, the vessels in the S2 are significantly reduced compared to the S1, leading to
notable emissions in the S1.

3.3 Emissions by vessel types

The subjects of this study include bulk carrier, class I ferry and class II ferry. Each has
different technical specifications, activity data and the number of vessels operating during
the study period, causing extreme discrepancies in emissions between vessel types. Total
emissions as categorized by vessel type are shown in Figure 5. The results show that bulk
carriers are the largest emission vehicle (accounting for more than 97 % of total emissions)
due to their superior number and large capacity. Meanwhile, class II and class I ferries
were only responsible for nearly 0.5 and 2.5% respectively. The total emissions of the
study area were mainly contributed by vessels travelling along the river with about 97 %.
Otherwise, passenger ferries have negligible emissions: only nearly 3% of total emissions.
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3.4 Emission on vessels affected by viver currents

Vessels in the study area were evaluated according to two types of movement: moving along
the stream and moving across the stream, in which, vessels that move along the stream are
affected by the river currents. It is clear from Figure 6 that vessels travelling with the currents
are the primary source of emissions among vessels that move along the stream, accounting
for 60.21%. Meanwhile, emissions from vessels travelling against the currents account for
39.79%. Our results are in significantly good agreement with (JICA, 2010): Waterway
transport from the west of Hanoi mainly carries goods downstream and returns without
cargo (empty) (JICA, 2010). The tally data also shows that the number of vessels travelling

39.79%

co, I
NO, I

co I
SO, I

B Vessel traveling with the current  [JJll Vessel traveling against the current
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Figure 5.
Total emissions of four
vessel types

Figure 6.

Total emissions
between vessels
travelling with the
currents and vessels
travelling against the
currents




FEBE with the current is much higher than that travelling against the current, causing significant
29 emissions differences.
y

3.5 Emission on two operation modes

In our study, ferries moving across the river were inventoried in two operation modes:

cruising and hotelling. Our results differ from those in the previous study by Winijkul (2020)
104 as our study shows that cross-river ferries PM, 5 emissions in the hotelling mode were higher
than those in cruising mode. For emissions shared between cruising and hotelling conditions
(Figure 7), the emissions from hotelling dominated as their figures are almost double. In
contrast, the percentage of HC emissions in cruising is higher (60.46 vs 39.54%). While the
number of CO emission coming from these two types are almost the same at approximately
50%. It is notable that both hotelling and cruising (release the same amount of NO,, CO5, SOy)
about 70 and 30% respectively. This difference refers to the significant distinction between
the actual cruising speed and maximum speed in both classes of ferries. Due to the short
travel distance per ride (about 600 meters), ferries only operate at a very low actual speed (7
km/h) compared to the maximum speed (18 km/h). Hence, the ferries’ main engine load factor
in cruising mode is tiny, making emissions were reduced.

4. Conclusions

Air pollutants EI for inland vessels on the RRH were estimated using the SPD-GIZ emission
calculation model. The results show that the largest amount of gas emitted from this activity
is CO, (103.21 tons/day). The rest includes PM;y, PM,5, SO,, CO, NO, and HC with an
emission of 0.052, 0.048, 0.32, 0.23, 2.05 and 0.11 tons/day, respectively. It is also remarkable
that bulk carrier is the largest emission vehicle type, accounting for more than 97% of total
emissions. In the future, it is necessary to have comprehensive studies and annual EI
generated for waterway vehicles to develop a more comprehensive national clean air

programme.
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