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Abstract

This study focused on the solid waste generation of the food and beverage service sectors in Hue, Vietnam to identify the opportunities for the promotion
of waste recycling. The authors conducted a waste measurement survey, a waste composition survey, and a questionnaire survey of 103 target facilities
for ten consecutive days. The waste generation rates (WGRs) by worker, table, and business area were assessed by business sources (café (CF), small
restaurant (SR), and large restaurant (LR)) using the following three waste categories in consideration of informal waste collection: general waste (GW),
separated recyclables (SRe), and separated food residue (SFR). WGRs by worker were highest at SRs (5,208 g/worker/day), followed by LRs (3,839 g/
worker/day) and CFs (1,446 g/worker/day). The major waste compositions in GW were kitchen waste (37.1-49.8%), paper (11.4-34.0%), and plastic (8.3-
11.4%). The recycling potential and composting potential remaining in GW were 17.0-20.2% and 30.9-61.6%, respectively. For recycling potential, paper
containers and packaging accounted for a large portion, with 10.6% at CF. In contrast, plastic containers and packaging was the major portion at SR (10.6%)
and LR (7.4%). The total waste amount was estimated to be 38.56 tons/day (34.46-46.35 tons/day, 95% CIl); of which 18.96 tons/day (49.17%) was SFR,
18.50 tons/day (47.99%) was GW, and 1.10 tons/day (2.84%) was SRe. The recycling and composting potentials remaining in GW were 3.52 tons/day
(9.14%) and 10.84 tons/day (28.12%), respectively. The SR should be considered as the highest potential target for a 3R promotion campaign in the future,
with recycling and composting potential estimated to be 1.67 tons/day (4.34%), and 6.53 tons/day (16.93%), respectively.
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Introduction consuming food at restaurants. In addition, Vietnam has become a
growing tourist destination not only for travelers within Asia, but
increasingly for ones from the West [2]. To fulfill the huge demands
living standard has been improved dramatically [1]. In urban areas,  from local people, as well as visitors, the food and beverage service
the eating behavior has changed from having meals at home to  sectors have grown rapidly in recent years. The Vietnamese food

Vietnam, after three decades of rapid economic growth, the
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service industry was reported to be worth approximately US$21.3
billion in 2015, with an annual growth rate of 15.4% since 2011
[3,4]. As a result, the solid waste from these sectors has contributed
significantly to the total municipal solid waste (MSW), particularly
in popular tourist cities. Vietnam’s Ministry of Natural Resource
and Environment (MONRE) reported that the national total amount
of MSW increased from 19 million tons (2008) to 23 million tons
(2014), and that it was expected to reach 61.6 million tons by 2020
[5,6]. MSW has become an enormous challenge for Vietnamese solid
waste management authorities.

In low-income countries, informal sectors are very active in
recycling work. They collect and separate recyclables into saleable
recyclables and leftover food for famers to feed animals [7]. A study
in 2004 stated that about 20% of MSW in Hanoi was recyclable [5,8].
As for food residue, a study in Danang, Vietnam showed that the
estimated amount of recycled food residue was 4.1% of the total waste
amount [9]. Tai J et al. reported that a major portion of recyclables
are separated and collected by residents or scavengers [10]. In this
study, the source-separated collection rates in eight Chinese cities
were relatively low (8.9-25%), except Beijing (40.1%) [10]. Some past
studies on MSW focused on the detailed waste composition and waste
separation at source to identify the allocation between informal and
formal collection system. These studies suggested that understanding
the characteristics of waste (waste generation, waste composition, and
total waste flow) deriving from municipal sources is very important
in designing the solid waste master plan [11-15]. However, most of
previous studies in Vietnam mainly focused on MSW collected by
formal sectors, and without considering the detailed composition
(e.g. recycling potential, composting potential) [16-18].

In 2003, a study on municipal solid waste was conducted in
Phnom Penh, Cambodia by Japan International Cooperation Agency
(JICA). In this research, 70 samples from five restaurants, were
selected for a waste measurement survey and waste composition
survey, which were conducted over 7 consecutive days in both the
dry and rainy seasons. By multiplying waste generation rates with the
number table, the authors estimated that the total amount of waste
generated from restaurants in Phnom Penh varied between 38.6 tons/
day in rainy season to 54 tons/day in dry season [19].

In 2010, a survey on MSW was conducted in Danang, Vietnam
by Otoma S et al [20]. For this study, six restaurants were chosen for
a measurement survey over one week. Daily waste from these target
restaurants were put into baskets for segregating and measuring,
without consideration of the status of waste sorting habit by the
owners. By multiplying the average waste produced by each restaurant
by the number of restaurants in Danang, the total amount of waste
generated was estimated to be 6,314 kg/day [20].

Previous studies have investigated the waste generation from food
service sector; however, they did not address the factors influencing
the waste generation rate. On the other hand, the waste sorting
behavior was not mentioned, particularly the separated recyclable
(SRe) and separated food residue (SFR), which were often kept and
used for special purpose by owners. Furthermore, both the recycling
potential and composting potential in the disposal waste, which
are very important factors for the promotion of a “Reduce, Reuse,
Recycle” (3R) scheme, were not discussed.

In order to provide the scientific information for contribution to
a 3Rs promotion in the food and beverage service sector, this study
was undertaken to present a detailed description of the waste flow
within the food and beverage service sectors in Hue, Vietnam. The
authors surveyed 103 restaurants and cafés for ten consecutive days
to identify the waste generation rates per day by worker, table, and
business area, as well as the waste characteristics (waste composition
and recycling/composting potential). The waste collected by formal
sectors was classified into ten physical categories and 77 subcategories
in order to identify the potential for recycling and composting. A
one-way analysis was applied to understand the relationship between
different influence factors and WGRs. This study also conducted an
interval estimation of the total waste amount and its’ breakdown
components by Monte Carlo simulation. Finally, an uncertainty
analysis was carried out to clarify the reliability of data and improve
the future research direction.

Methodology
Research area and target sample

In this study, Hue was selected as research area, which is shown
in Figure 1. This city is located in the center of Vietnam, comprised
of 27 wards with an area of 71.69 km? and a population of 354,124 as
of 2015. Hue is well known as the most famous tourism destination
in the middle of Vietnam. In 2012, there were 1.84 million foreign
and domestic tourists visiting Hue [21]. According to Hue Urban
Environment and Public Works State Company (HEPCO), the
amount of collected waste in Hue was reported to be approximately
210 tons/day, and the formal waste collection service covered about
89% of the total households in 2012 [22].

Regarding statistical data, there were a total of 4,362 food and
beverage service facilities in Hue as of 2012. The data included
the number of workers and the location by each facility [21]. The
authors covered three business categories according to the decision
No. 18/1999/TT-BTM promulgated by the Ministry of Industry and
Trade of the Socialist Republic of Vietnam, as defined below [23]:

Figure 1: Research area.
. J
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a)  Quaéngidikhdt: a shop serving coffee and/or other beverages.
Hereinafter referred to as Café (CF);

b)  Qudnianbinhdin: a common, small-scale restaurant serving
various kinds of food, with a reasonable price for every consumer.
Hereinafter referred to as small restaurant (SR);

c) Nhahang: a large-scale restaurant serving various kinds
of food with good service to fulfill all the demands of the consumer.
Sometimes it serves events, such as parties, and buffets. Hereinafter
referred to as large restaurant (LR).

Based on the population density and geographical distribution
among 27 wards in Hue, the total number of each business sources was
prepared, and sorted by the number of workers. The target samples
were selected systematically from the sorted list. The information
regarding the selected targets is shown in Table 1.

In this study, the target facilities were asked to sort their daily
waste into three categories by their usual separation, defined as
follows:

a)  Separated recyclables (hereinafter referred to as SRe):
waste items kept for recycling, sale to informal sectors, or given to
somewhere/someone by owners;

b)  Separated food residue (hereinafter referred to as SFR):
waste items kept for livestock feeding (generally collected by livestock
breeders);

c)  General waste (hereinafter referred to as GW): all remaining
waste items, excluding separated waste items described above. GW
is collected daily by the formal waste collection sector - Hue Urban
Environment and Public Works State Company (HEPCO).

d)  To acquire the information related to both the recycling
and composting potential contained in GW, the authors classified
GW into ten physical categories and 77detailedsub-categories, and
regrouped into three main sub-categories, as defined below.

e)  Recycling potential (hereinafter referred to as Re): the
recyclable portion of the disposed general waste. The recycling
potential of each item was defined based on a hearing survey
conducted at local junk shops;

f)  Composting potential (hereinafter referred to as Co): the
compostable portion discharged into general waste. The composting
potential of each item was defined based on the acceptable item list at
local composting facilities;

g)  Non-recyclable (hereinafter referred to as NRe): The
residual portion, excluding recycling and composting potentials,
discharged in GW.

Table 1: Total number of samples by business sources.

le:)zi:\c(:sss Code Total number in Hue [21] Numl;::nt;)féarget
Cafe CF 1,925 23
Small restaurant | SR 2,306 65
Large restaurant | LR 131 15

The classification category of waste from the food and beverage
service sectors in Hue is shown in Table 2.

Outline of survey

The procedure for the waste generation survey followed the
methodology presented by Matsui Y et al. (2015) [11]. The authors
conducted three surveys for all target facilities: a waste generation
survey (actual measurement of waste), a waste composition survey,
and a questionnaire survey. Surveys were conducted between July 11%
and July 21%, 2012. The waste generation survey was administered to
acquire data on the amount of waste generated for ten consecutive
days. The first three days were spent preparing and practicing
with surveyors and target facilities; the data from the latter seven
consecutive days was used for the analysis procedure.

A waste composition survey was also conducted during the survey
period. For the waste composition survey, facilities separating both
recyclables and food residues were selected from among the target
samples. To provide the information related to both the recycling and
composting potential contained in GW, the authors classified GW
into ten physical categories and 77 sub-categories, as shown in Table
2. This classification system was based on materials (plastic, paper,
kitchen waste, rubber & leather, grass, textile, metal, glass, ceramic,
and miscellaneous), types (container/packaging, product and other),
and their potential for recycling and composting. Recyclable items
- including plastic, paper, metal, glass, and textiles - were based
on the current trading market of informal sectors in Hue in 2012.
Compostable proportions were referred from acceptable items as
determined by some composting facilities in Vietnam.

The authors also conducted a questionnaire survey, which
was designed to obtain detailed information on relevant factors
influencing waste generation, recycling activities, and attitudes
toward solid waste management at target facilities.

Analytical procedure

The authors calculated the basic statistics relating to waste
generation rates (WGRs) by dividing the amount of waste generated
daily by four indicators: facility, number of workers (including
managers and serving workers), number of tables, and business area
(m?). The WGRs by number of workers was used for further analysis.

In scientific literature, the statistical procedures including
correlation, regression, t-tests, and analysis on variance - namely
parametric tests - are based on the assumption that the data follows
a normal or a Gaussian distribution [24]. Thode HC mentioned that
normality tests, such as the Kolmogorov-Smirnov test or Shapiro-
Wilk test should be conducted to judge whether or not the data
followed a normal distribution [25]. By the Shapiro-Wilk test, the
WGRs of target samples did not follow a normal distribution, so the
non-parametric tests were applied for further analysis.

In this study, the WGRs are represented by the mean and 95%
confidence interval, which were estimated using non-parametric
bootstrap sampling, with replacement (10,000 trials). The authors
also assessed the difference of WGRs among business categories
by employing a Kruskal-Wallis test. In addition, the relationships
between different influence factors and WGRs were analyzed. Non-
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Table 2: Classification category of waste from food and beverage service sectors in Hue.

. Recycling . Recycling
Category Code Details Potential Category Code Details potential
1. Plastic 5. Grass and wood
101 PET bottle Re Container & 503 Containers & packaging Co
102 Other plastic bottle Re Packaging 503* Containers & packaging NRe
Product
103 Tray Re &0thers 504 Grass and wood products Co
103" Tray NRe 504* Grass and wood products NRe
104 Tube Re 6. Textile
104" Tube NRe 601 Clothes Re
Container & 105 Other shape Re 602 Daily commodities NRe
Packaging 105" Other shape NRe 603 Disposed commodities NRe
106 Shopping plastic bags Re 604 Other product Re
107 Other plastic packaging Re 7. Metal
108 Other C&P Re 701 Containers Re
108* Other C&P NRe 702 Other containers and packaging Re
109 Plastic product Re 702 Other containers and packaging NRe
Product " ) Aluminum
109 Plastic product NRe 703 Products and others Re
110 Other plastics Re 703 Products and others NRe
Other plastics
110 Other plastics NRe 704 Containers Re
2. Paper 704 Containers NRe
201 Carton Re Steel 705 Other containers and packaging Re
202 Containers Re 706 Products and others Re
Container & 203 Cardboard Re Stainless 707 Products and others Re
Packaging 204 Packaging Re Lead 707* Products and others NRe
205 Other C&P Re 708 Other metals Re
Other metals
206 Newspaper/poster Re 708* Other metals NRe
207 Books Re 8. Glass
208 Notebooks Re 801 Returnable bottle Re
Product 209 Photocopy Re Container 802 Disposal bottle Re
210 Disposal paper products NRe 803 Other containers Re
210 Nappies/Diapers NRe Products and 804 Thermometers,Fluorescent lamp NRe
211 Other paper product Re others 805 Products and others NRe
2117 Otherpaperproduct NRe 9. Ceramic
212 Other Paper Re 901 Containers NRe
Other Paper
212 Other Paper NRe 902 Products and others NRe
3. Kitchen waste 10. Miscellaneous
Compostable 301 Kitchen waste Co 1001 Combustibles NRe
301 Coconut/Durian shells NRe 1002 Liquids_ edible Re
Non-compostable
302 Hard bones of animal NRe 1002* Liquids _ inedible NRe
4. Rubber and leather 1003 Incombustibles (no ash) NRe
401 | Rubber and leather NRe 1004 Ash NRe
5. Grass and wood 1005 Medical care NRe
501 Garden waste Co 1006 Batteries NRe
501* Garden waste NRe 1007 E-waste NRe
Garden waste
502 Flower Co 1008 Others NRe

Re: Recycling Potential; Co: Composting Potential; NRe: Non-recyclable. The recycling potential of each item was defined based on reports from local junk-shop
owners. The compostable item and non-compostable item were defined based on the acceptable items in some composting plants.
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parametric tests, such as Kruskal-Wallis tests, have been proved to
perform better than their parametric analogues in a practical research
situation, where the data are not normally distributed, contain
outliers and the size of the groups is small [26].

The waste composition of general waste was calculated using
the categories and sub-categories displayed in Table 2. The authors
assessed the waste separation participation rate at target facilities
based on their usual behavior during the survey. These behaviors
included: recyclable separation only; food residue separation only;
recyclables and food residue separation; and no separation. The
results are shown in Table 3.

The Monte Carlo methodology was applied to estimate the
confidence interval of the total waste generated and of the breakdown
components (Table 2). The process was repeated with 10,000
iterations. The authors also conducted sensitivity analysis for the
total waste generated. The parameters that have the greatest impact
on uncertainty are considered to be those for which additional data
should reduce the overall uncertainty of the results [27]. In this study,
the sensitivity analysis was performed by squaring the Spearman
Rank Coefficients of each parameter, summing the results, and
adjusting them to 100% [28].

Results and Discussion

The valid response rate was 87% (90/103) in this study, excluding
the responses with errors and/or a lack of data.

Waste separation status
The waste separation activity of target samples was categorized

Table 3: Waste separation participation rate by business sources.

CF SR LR

Recyclables and food residue separations - 51.7% | 85.0%
Recyclables separation only 69.0% 7.0% 0%

Food residue separation only - 37.9% 7.5%

No separation 31.0% 3.4% 7.5%

Table 4: Daily waste generated by facility.

into four cases: recyclables and food residue separation, recyclables
separation only, food residue separation only, and no separation. The
waste separation participation rate is shown in Table 3. The LR group
was the most positive in waste separation activity, with 85% of the
target facilities separating both recyclables and food residue, followed
by SRs (52%). In cafés, the separated food residue (considered as the
kitchen waste) was mainly green waste, and mostly coffee grounds,
which was sometimes used as compost. Normally, the shop owners
discharged it with general waste.

Daily waste generation amount

Table 4 presents the daily amount of waste generated (mean and
95% confidence interval) from the food and beverage service sectors.
Regarding business sources, LR discharged the highest amount in
average (45 kg/facility/day), which was three times higher than SR
(15 kg/facility/day), and more than seven times compared with CF
(6 kg/facility/day). This difference was significant (Kruskal-Wallis
test, p<0.001). The result was similar to a past study completed in
Danang, which mentioned that waste generated at restaurants was 35
kg/shop/day (2012), however, the business scale of restaurant was not
mentioned [20]. In the food residue category, LRs (26.3 kg/facility/
day) averaged 15 kg higher than SRs (11.7 kg/facility/day) (Kruskal-
Wallis test, p<0.01). The results of recyclables suggest that LRs (2.7
kg/facility/day) discharged approximately seven times higher than
SRs (0.37 kg/facility/day) or CFs (0.38 kg/facility/day) (Kruskal-
Wallis test, p<0.05).

Waste generation rate

Tables 5-7 present the WGRs by the following 3 indicators:
number of workers, number of tables, and business’ area. The
number of samples, mean and 95% confidence interval are shown.
Regarding statistical data in Hue, only the number of workers at food
and beverage service sectors was recorded. Therefore, the WGRs per
worker per day were used for further analysis.

Regarding the total waste category, the result was highest at SRs
(5,208 g/worker/day), followed by LRs (3,839 g/worker/day) and CFs

(g/facility/day)
General waste Separated recyclables Seperated food residue Total waste
Business sources n Mean 95%Cl Mean 95%Cl Mean 95%Cl Mean 95%Cl
CF 23 6,015 4,003-8,027 384 172-561 - - 6,290 5,887-7,495
SR 56 4935 3,024-5942 368 286471 11,698 9,692-13,701 15,642 14,637-17,650
LR 13 18,155 14,521-20,176 2,742 1,338-3,745 26,299 20,291-32,302 44,962 32,957-64,971
Kruskal Wals test 0087 0046 0005 <0001
(p value)
Table 5: Waste generation rates by worker.
(9/worker/day)
General waste Separated recyclables Separated food residue Total waste (g/worker/day)
Business sources n Mean 95%Cl Mean 95%Cl Mean 95%Cl Mean 95%Cl
CF 23 1,957 1,327-2/686 161 81-268 - - 1,446 1,327-2,685
SR 56 1,920 1,522-2,365 124 97-155 3,813 3,2454,405 5,208 5,100-6,637
LR 13 1,441 1,135-1,764 228 136-326 2,289 1,659-2,928 3,839 3,1844,713
| Wals test 0.082 0.046 0.007 <0.001
(p value)
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Table 6: Waste generation rates by table.

(g/table/day)
General waste Separated recyclables Separated food residue Total waste
Business sources n Mean 95%Cl Mean 95%ClI Mean 95%Cl Mean 95%Cl
CF 21 596 403-791 19 11-31 - - 615 555-1,103
SR 54 562 442-624 27 22-32 1,120 871-1,331 1,710 1,683-1,831
LR 1 849 619-1,107 90 53-135 1,047 779-1,332 1,986 1,926-2,018
Kruskal Walls test 0.085 0.033 0531 <0.001
(p value)
Table 7: Waste generation rates by business area.
(g/m?/day)
General waste Separated recyclables Separated food residue Total waste
Business sources n Mean 95%Cl Mean 95%Cl Mean 95%Cl Mean 95%Cl
CF 16 143 118-187 7 4-10 - - 150 127-308
SR 37 139 108-141 6 4-9 226 168-246 371 348-375
LR 6 162 115-218 12 5-15 171 125-219 345 298-452
Kruskal Wallis test 0.372 0.629 0.043 0.003
(p value)

(1,446 g/worker/day). This difference was significant (Kruskal-Wallis
test, p<0.001). Significant differences were also found for the food
residue (Kruskal-Wallis test, p<0.01) and recyclable waste categories
(Kruskal-Wallis test, p<0.05).

In the food service sector, the average total waste generated was
1,710-1,986 g/table/day, which was similar to the rate reported in the
previous study in Danang, Vietnam (1,560 g/table/day) [20]. Another
study in Cambodia mentioned that the WGRs in restaurants were
1,387-1,940 g/table/day [19].

Regarding business area, average total waste generated from
either SRs (345 g/m?/day) or LRs (345 g/m?/day) was twice as high as
CF (150 g/m?/day), and these differences were significant (Kruskal-
Wallis test, p<0.01).

Factors influencing waste generation rate

To assess the influence of the scale of the business to WGRs,
rank correlation analyses were applied. The authors also conducted
the one-way ANOVA test on the rank of the WGRs by worker, with
relevant factors, such as: independent business/household with
business; fuel with ash/without ash; food type (rice with various
dishes, noodles, Vietnamese pub, and others); urbanization level;
street level. However, no significant difference among these categories
was found, except some factors at SRs. Table 8 presents the WGRs
classified by street level and food type at SRs.

Regarding the Decision 75/2014/QD-UBND of Hue People
Committee, five street levels were defined based on the convenience
for commercial activity, such as whether the street is located in a
central area, the condition of infrastructure, the proximity to public
services, etc. [29]. Regarding separated food residue, SRs at the upper
street level discharged 4,816 g/worker/day on average, double the
amount of SRs at a lower level (2,321 g/worker/day) (Kruskal-Wallis
test, p<0.001). The SRs serving rice discharged the highest amount
(4,891 g/worker/day), followed by SRs serving noodles (3,666 g/
worker/day), Vietnamese pub (2,835 g/worker/day), and others
(2,423 g/worker/day) (Kruskal-Wallis test, p<0.05). For total waste

generated, significant differences were found for both urbanization
level (Kruskal-Wallis test, p<0.001) and food type (Kruskal-Wallis
test, p<0.05).

Waste composition and recycling potentials

The general waste from these facilities was collected, measured,
and classified by detailed categories as shown in Table 2. The results
of waste composition and recycling potential are presented in Table
9. Regarding physical categories, the food waste was the largest
proportion in all categories, 37.1-49.8%. For CFs, the food waste was
quite high due to the amount of coffee grounds, which is compostable.
For SRs, the percentage of grass and wood was quite high (22.7%).
This is explained by the fact that they normally offered one-time-use
chopsticks, while others did not.

Table 9 also shows the recycling and composting potential for
general waste. Although the easily separated items or valuable ones
had been already separated, some parts of them still remained before
disposal. The recycling potential portion was highest at CFs (20.2%),
followed by SRs (18.6%), and LRs (17.0%). For CFs, the recycling

Table 8: Waste generation rate and relevant factor at SR.

n General Separated Separated Total
waste recyclables | foodresidue =~ waste
Street level
Upperlevel (Level 1& 4y o0 116 4,816 7,953
level 2)
Lowerlevel (Level 3& 511 1 263 118 2,321 3,181
level 4)
Kruskal Wallis test (p | 45 0.669 <0001 <0.001
value)
Food type
Rice 17 1,752 127 4,891 7,133
Noodle 21/ 2,544 112 3,666 5,730
Vietnamese Pub | 11 1,868 146 2,835 4,259
Others 71,584 88 2,423 2,912
Kruskal Wallis test (p 0.311 0.622 0.034 0.026
value)
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Table 9: Waste composition of general waste by business sources.

Waste composition CF SR LR
Sample size 5 5 5
Plastic 8.3% 11.4% 8.5%
Paper 31.2% 11.4% 34.0%
Food waste 49.8% 49.1% 37.1%
Rubber & leather <0.01% | <0.01% 0.8%
Grass & Wood 3.6% 22.7% 8.2%
Textile <0.01% 2.5% 4.7%
) Metal 1.6% 1.0% 1.8%
Physical category Glass <0.01% | 0.8% 1.4%
Ceramic 0.1% 0.3% 2.6%
Miscellaneous 5.2% 0.7% 0.9%
Recycling potential 20.2% 18.6% 17.0%
Plastic — Contglner and 5.9% 10.6% 749
packaging
Plastic — Product 0.5% 0.3% 0.2%
Plastic — Other 0.01% | <0.01% <0.01%
Recyclingand | " aPe"~ Cf”t‘.""”er and yo6% | 3.5% 1.5%
composting packaging
potential Paper — Product 0.8% 0.4% 1.3%
Paper — Other 0.2% 0.1% 0.3%
Other material 2.2% 3.6% 6.5%
Composting potential 52.6% 61.6% 30.9%
Kitchen waste 49.0% 43.5% 26.8%
Garden waste 3.6% 14.2% 2.3%
Other material 0.04% 3.9% 1.8%
Non-recyclable 27.1% 19.8% 52.1

potential portions mainly came from paper containers and packaging
(10.6%), and plastic containers and packaging (5.9%). In contrast,
plastic containers and packaging were dominant among the recycling
potential components at SRs (10.6%) and LRs (7.4%).

The composting potential was highest at SRs (61.6%), followed
by CFs (52.6%) and LRs (30.9%). The results also showed that the
kitchen waste accounted for a large portion, from 26.8% at LRs to
49.0% at CFs.

Total waste generated estimation

To show the flow of solid waste from food and beverage service
sectors in Hue, the authors estimated the total waste generated, as
well as the breakdown components, based on thetotal number of
facilities (Table 1), the waste separation participation rate (Table 3),
the WGRs by worker (Table 5), and the waste composition (Table 9)
by business sources.

The waste separation participation rates shown in Table 3 were
the contributing factor in allocating the breakdown components
among total waste generated.

For facilities separating both recyclables and food residue, the total
waste generated could be allocated into five breakdown components,
based on the waste composition and waste measurement survey data:
recycling potential; composting potential; non-recoverable; separated
recyclables; and separated food residue.

On the other hand, for the facilities with other types of separations
such as “Recyclables separation only”, “Food residue separation
only” and “No separation”, the authors did not survey the waste

composition. So, the authors calculated the waste generation for the
five breakdown components by using the waste composition data of
facilities with “Recyclables and food residue separations”, according
to the assumption for breakdown components’ allocation, as shown
in Table 10. The authors assumed the unseparated recyclables/
food residue were disposed of as a part of the recycling/composting
potential in general waste at these facilities.

Based on the waste composition data of facilities with
“Recyclables and food residue separations”, the total waste generated,
and breakdown components, for each business source was calculated
using the following equations:

Recycling potential = nis[(a+az2)*Re+(as+as)*(Re+SRe)]
Composting potential = ni - [(a1+az)Co+(azt+as)(Co+SFR)]
Non — recyclable = ni(ai+az+as+as) «  re

Seperated recyclables = ni« (a1 + az2) * S Re

Total waste generated (I) = Recycling potential + Composting potential + Non —
recyclable + Seperated recyclables + Seperated food residue

n, is the total number of worker in Hue by each business sources
(CF, SR, LR).

Figure 2 shows the details of waste generation flow from food and
beverage service sectors in Hue. The total amount of waste generated
was 38.56 tons/day, of which 18.50 tons/day (47.99%) was general
waste, 1.10 tons/day (2.84%) was separated recyclables, and 18.96
tons/day (49.17%) was separated food residue. The recycling and
composting potential remaining in general waste were 3.52 tons/day
(9.14%) and 10.84 tons/day (28.12%), respectively.

In total waste generated, the SRs contributed the highest amount
of waste with 25.33 tons/day (65.69%), followed by CFs with 7.01
tons/day (18.19%), and large-scale restaurants with 6.22 tons/day
(16.12%). The SR category had the highest recycling and composting
potential portions among the three business categories with 1.67 tons/
day (4.34%), and 6.53 tons/day (16.93%), respectively. Therefore,
the SR should be considered as the best potential target for a 3R
promotion campaign in the future.

Table 10: Assumption for breakdown components’ allocation by waste separation
status.

. General waste Separated
Separation Rate - - Separated food
status Recycll_ng Compos_tlng Non- recyclables .

potential  potential |recoverable residue
Recyclables
and food
" a, Re Co NRe SRe SFR
residue
separations
Recyclables
separation | a, Re Co+SFR NRe SRe -
only
Food
residue |, | Re+sRe Co NRe - SFR
separation 3
only
No
. a Re+SRe Co+SFR NRe - -
separation 4
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Although the waste separation participation rates were high,
the recycling rates, however, were still low according to the actual
separated amount, as shown in Table 11. For the recycling rate, the
LRs had the highest recycling rate with 44% (0.33/0.75, tons/day),
followed by CFs and SRs with 22% (0.41/1.84, tons/day) and 18%
(0.36/2.03, tons/day), respectively. In addition, for the food residue
separation rate, the LRs had the highest rate with 79%, followed by
SRs with 71%. The results also showed that the total amount of waste
disposal delivered to landfill can be reduced by 77.6%, from 18.50 to
4.14 tons/day, by separation activity at the source.

Interval estimation of waste generated

To conduct the 95% confidence interval (95% CI) estimation of
the total waste generated from food and beverage service sectors in
Hue, non-parametric bootstrap with return was applied [30]. The
procedure consisted of 5 steps, as detailed below.

Step 1: One boot strap sample was created by picking randomly
from the original dataset with return. The sampling was completed
with replacement, so some of the data will be in the bootstrap sample
multiple times, and other data will not appear at all.

Step 2: The calculation of waste generation rates, waste separation
participation rates, and waste composition were performed by each
business sources with bootstrap sample.

Step 3: The total waste generated, and breakdown components
were estimated.

Step 4: Repeat steps 1-3 to create10,000 bootstrap samples.

Step 5: The approximate relative contribution of each parameter
to the variance of the total waste generated amount was analyzed.

The estimation procedure followed Monte-Carlo methodology.

Table 11: Waste separation status by business sources.

. Recyclables separation Food residue separation
Business S N . .
I —— Participation | Separation Participation | Separation
rate rate rate rate
CF 69% 22% - -
SR 59% 18% 90% 1%
LR 85% 44% 92% 79%
e B
Total waste generation
38.56 ton/day (100%)
CF | 701 |1819%
SR_| 2533 | 65.69%
R_| 622 | 16.12%
|
Separated recyclables General waste Separated food residue
1.10 ton/day (2.84%) 18.50 ton/day (47.99%) 18.96 ton/day (49.17%)
CF | 041 | 1.06% CF | 660 [17.13% | - -
SR | 036 | 0.93% SR_| 946 | 24.53% SR__| 1551 | 40.22%
R | 033 | 084% R_| 244 [ 633% IR | 345 | 895%
- JRSS—| - - V
Recycling potential ‘Non-recyclables Composting potential
3.52 ton/day (9.14%) 4.14 ton/day (10.73%) 10.84 ton/day (28.12%)
CF | 143 [ 371% CF | 173 | 449% CF_| 344 | 893%
SR | 167 4.34% SR | 126 | 327% SR | 653 | 16.93%
R [ 042 1.09% R | 114 [ 2.97% R | 087 | 2271%
T T T
v v v v v
Recycling market Landfill Composting/Feeding
4.62 ton/day (11.98%) 4.14 ton/day (10.73%) 29.81 ton/day (77.29%)
CF | 184 | 471% cF [ 173 | 449% CF | 344 | 893%
SR 2.03 527% SR | 126 | 327% SR | 2204 | 57.15%
LR 0.75 1.93% IR [ 114 | 297% R | 433 | 11.22%
Figure 2: Waste stream from food and beverage service sectors in Hue.

A random value was sampled from each distribution specified for
each uncertain model parameter, and a single estimate of the desired
endpoint was calculated. This process was repeated for 10,000 iterations.
The result was a probability distribution of the model endpoint. The
bootstrap values were used to construct confidence intervals [27,28,30].
The results showed that the range for a 95% CI estimation of total waste
generation was 34.46-46.35 tons/day as shown in Figure 3. The results
also showed that the recycling potential and composting potential were
estimated to be 2.49-5.14 and 7.71-16.64 tons/day, respectively.

Sensitivity analysis

To estimate the impact of WGRs on the confidence interval
estimation of the total amount of waste, a sensitivity analysis for
all categories of food and beverage service sectors was conducted.
The results in Figure 4 show that SFR at SRs contributed the most
to sensitivity (11.9%), followed by GW at CFs (10.9%) and GW at
SRs (10.7%). The separated food residue at SRs was the highest
contributor, with 40.2% of total waste generated amount (Figure 2);
therefore, it had the highest contribution to the sensitivity analysis
result. However, to improve the reliability of the total estimation,
further investigation must be conducted to clarify the factors affecting
WGRs in these categories.

s N

ton/day  95% Confidence interval estimation of waste generated

50 -
45 1 46.35

40

35 4

34.46

30 4

25 A

20 A

16.30

5.14
1.24

2.49 .
0 T T T
Recycling ~ Composting Non
potential potential recoverable

Separated
food residue

08T
Separated Total waste

recyclable

Figure 3: 95% confidence interval estimation by waste components.

. J
s R
Separated food residue (SR 11.9%

General waste (CF’ 10.9%
General waste (SR 10.7%

)
)
)
Separated recyclables(CF)
Separated food residue (LR)
Separated recyclables (LR) E
Separated recyclables (SR)
Recyclables separation rate (CF)
General waste (LR)
Recyclables separation (LR)
Recyclables separation (SR) EESTETTTTTNNNNSSY 5.0%
T

T T T T T T 1
0.0% 20% 4.0% 6.0% 80% 10.0% 12.0% 14.0%

Figure 4: Sensitivity analysis of total waste generation amount from food

and beverage service sector.
. J
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Conclusions

This study focused on solid waste generation and the recycling
potential from food and beverage service sectors in Hue, Vietnam. The
authors analyzed waste generation rates (WGRs) and detailed waste
composition for 90 target samples in three business categories: café
(CF), small restaurant (SR), and large restaurant (LR). The WGRs were
also categorized in consideration of the amount of waste collected by
informal sectors: general waste (GW), separated recyclables (SRe),
and separated food residue (SFR). Some key findings of this study are
outlined below.

1) The SR category had the highest waste separation
participation rate at 97% of target samples, followed by LRs (92%) and
CFs (69%). Based on the actual separated waste amount; however, the
waste separation rate was not quite as high. For recyclable separation
at source, LRs showed the highest rate (44%), followed by CFs (22%)
and SRs (19%). For food residue separation, the LR category had the
highest rate with 79%, followed by SRs with 71%.

2)  For WGRs, LRs discharged the highest amount on average
(45 kg/facility/day), which was three times higher than SRs (15 kg/
facility/day), and more than seven times that of CFs (6 kg/facility/day).
Regarding the discharged amount per worker per day, the result was
highest at SRs (5,208 g/worker/day), followed by LRs (3,839 g/worker/
day) and CFs (1,446 g/worker /day). The WGRs were significantly
different between the three business sources.

3)  Street level and food type were significant influence factors
on WGRs.

4)  For the waste composition of GW, food waste accounted
for the largest proportion with a range of 37.1-49.8%. The ranges for
composting potential and recycling potential were 31.6-66.2% and
17.0-20.2%, respectively.

5)  For recycling potential, paper containers and packaging
accounted for a large portion, with 10.6% at CFs. In contrast, the
plastic containers and packaging category comprised a major portion
at SRs and LRs, with 10.6% and 7.4%, respectively. For composting
potential, kitchen waste was the highest contributor, from 26.8% at
LRs to 49.0% at CFs.

6)  Thetotal amount of waste generated from food and beverage
service sectors was estimated to be 38.56 tons/day (34.46-46.35 tons/
day, 95% CI). For GW, the recycling potential and compostable
potential accounted for 3.52 tons/day (9.14%) and 10.84 tons/day
(28.12%), respectively. The total amount of disposal waste delivered
to landfill sites can be reduced from 18.50 tons/day (47.99%) to 4.14
tons/day (10.73 %).

7)  'The recycling and composting potential from GW was
highest at SRs with 1.67 tons/day (4.34%), and 6.53 tons/day (16.93%),
respectively. SRs should be considered as the highest potential target
for a 3R promotion campaign in the future.

8) By sensitivity analysis, it was found that the food residue
generation rate of SRs had the highest influence on the total waste
generated, due to its high contribution to the total waste generated
estimation.
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