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Abstract: A comprehensive study of the generation and characterization of municipal solid waste is essential to the longterm efficient and economical planning for solid waste management. The aim of this study was to quantify and analyze
the solid waste generated in the city of Ensenada, Mexico, and to use this data in a project that will generate energy
through methane gas production. Ensenada’s per capita waste generation is approximately 0.87 ± 0.07 kg per person per
day within a 98% confidence interval. Ensenada’s solid waste composition consists of food scraps at 34.28%, paper and
cardboard 22.49%, plastic 12.53%, disposable diapers 7.14%, and textiles 6.58%. Of the total waste generated, 86.36%
has potential for reuse, whereas 13.65% has no further identifiable use and must be landfilled. Of the usable percentage,
48.34% can be recycled and 51.66% can be used to generate energy, obtaining financial and environmental benefits.
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INTRODUCTION
In many developing countries, the operation and
management of municipal solid waste (MSW) collection
services are fairly rudimentary. This is reflected in the lack
of information about the quantities and types of MSW
collected, the amounts recovered, recycled and/or reused and
the sitting of MSW disposal sites [1, 2].
Data on the generation and composition of solid waste is
key in order to plan for the long term management of solid
waste in an efficient and economical manner. Such
management includes the selection and operation of
equipment for the treatment and handling of waste, and the
types of disposal facilities that will allow for energy
generation and resource recovery [3-7].
It is well-known that MSW can be used to generate
electricity. Research published since the 1970’s has reported
the use of the biodegradable component in MSW to generate
biogas, which can also be used to generate electricity and has
positive environmental implications, such as the reduction of
greenhouse gas emissions from sanitary landfills and the
replacement of highly polluting energy sources (oil, coal and
natural gas) [8-19].
The generation and composition of household waste are
not homogeneous. They vary according to changes in
consumer patterns and economic growth rates and depend
upon standard of living, season of the year, day of the week,
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population habits and the geographical site of human
settlement [3, 20, 21]. By the same token, the generation and
composition of waste have been influenced by economic
recessions, the impact of legislation and the economic
instruments to increase or decrease their value, e.g., reuse
and recycling [3].
In order to determine the generation and composition of
MSW, different methodologies can be used for sampling.
Sampling can be through door-to-door waste collection or
directly from waste collection trucks. As to sample size,
Tchobanoglous et al. [4] explains that 90-kilogram samples do
not change significantly out of the ones taken in sampling of up
to 770 kilograms obtained from the same load of waste. Other
research carried out shows that samples taken for analysis can
be between 90 and 180 kg [3, 5, 22]. Chung & Poon [23]
reports that sample size fluctuates between 20 to 30 kg, 90 kg,
100 to 200 kg, and up to samples of around 5 to 7 tons of solid
waste a week.
In Mexico, very few studies report the quantification and
characterization of MSW; these were undertaken only in
Morelia, Guadalajara, Chihuahua and Mexicali. In these studies,
the data was collected through door-to-door and the sample size
was variable since it was determined by the number of housing
structures containing from 160 to 300 housing units. At the
same time, some research was carried out by socioeconomic
stratification (low, median and high) and others as a single unit
without socioeconomic stratification [24-29].
MUNICIPAL WASTE MANAGEMENT IN ENSENADA,
B.C., MEXICO
The MSW generated in Ensenada is disposed of in the
sanitary landfill (SL) of the city. The MSW is transported to
2010 Bentham Open
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the SL mainly by municipality-run collection vehicles, and
private operators. The special management waste and the
industrial non-hazardous waste are not collected by
municipality-run collection trucks, but by: 1) wastegenerating companies and 2) private waste collection
companies, which also dispose of these wastes in the landfill.
The city of Ensenada provides waste collection services in
the towns of El Sauzal and Rodolfo Sánchez T. (Maneadero)
and these wastes are disposed of in the SL of Ensenada.
The frequency of waste collection provided by the local
government of Ensenada varies depending on the area:
once/week for most waste collection routes (1/7) and daily
for downtown (7/7). The frequency of collection services
provided by private operators varies depending on the
client’s needs.
The city of Ensenada has one waste transfer station
which is privately operated. Currently, the operator and local
authorities are studying a new approach for the collection
vehicles owned and operated by the municipality to unload
the wastes in the transfer station and, ultimately be
transported to the SL by the private operator.
MATERIALS AND METHODOLOGY
The study was carried out in the city of Ensenada,
municipal seat of the municipality of Ensenada in the state of
Baja California, located in the northwest of Mexico. The
municipality of Ensenada has a land area of 52,510.712
square kilometers and represents 74.84% of the total area of
the state and 2.6% of the total area of Mexico, making it the
largest municipality in the country.
Characterization Study
The waste characterization study was carried out during
one week in February of 2009 at the ECO-TERRA Transfer
Station in the city of Ensenada. The wastes deposited at the
transfer
station
were
initially
characterized
by
socioeconomic stratification (low, median and high). To
choose the waste collection trucks, several truck drivers were
asked from which route (residential area) the waste was
being collected until getting the first truck for every
socioeconomic status a day. In order to choose the residential
areas for every socioeconomic status, the Basic
Geostatistical Area (AGEB) was taken as a reference, which
was the stratification used by the National Institute of
Statistics, Geography, and Data Processing (INEGI) in the
population and housing census carried out in 2000. The
criteria to establish the status of the residential areas were
based on minimum wage, roofing and wall materials, and
available public services, such as sewage infrastructure,
running water and electricity.
The AGEBs corresponding to a low socioeconomic status
were those where inhabitants’ income was from less than
and up to twice the minimum wage, most of the households’
walls and roofs were light, natural and precarious, and
limited access to sewage infrastructure, running water and
electricity. The AGEBs where inhabitants’ income was twice
and up to five times the minimum wage were included in the
median socioeconomic status, where most of the housing
materials were concrete floor, brick, block, and cement and
most of the households had access to sewage infrastructure,
running water and electricity. The AGEBs where
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inhabitants’ income was more than five times the minimum
wage were included in the high socioeconomic status and the
construction materials used in these households were high
quality concrete, brick, block and cement and unlimited
access to public services. The SCINCE software [30] of the
INEGI was used to identify the AGEBs.
Once the waste collection trucks were chosen,
approximately 100 kg of household waste load/socioeconomic status/ day were sampled. This figure is higher
than that proposed in the Mexican Standard NMX-AA-0151985 (Quartering Method) [31], yet consistent with other
research [4, 5, 22, 23]. These samples were classified,
weighed and registered.
The household waste was classified into different types
according to the possibility of recovering the corresponding
materials and placed into individual plastic containers. Two
electronic weighing scales were used to weigh every single
load: a 50-kg Torrey EQB_50/100 with a 10-g least count
and a 500-kg Torrey L-EQM 500/1000 with a 100-g least
count. To quantify by-products, an index card based on the
Mexican Standard NMX-AA-022-1985 (By-Product
Selection and Quantification) [32] was used.
For composition analysis, the household waste was
separated into three broad categories: 1) waste with potential
for energy recovery, 2) recyclable waste, and 3) nonrecyclable waste. In the first category, food residuals,
textiles, yard trimmings and other organic wastes (wood and
leather) were gathered; in the second category, paper,
cardboard, plastic, glass, tin cans and metals (aluminum,
ferrous and non-ferrous metals) were gathered; and in the
third one (non-recyclable), disposable diapers, inert waste
(expanded polystyrene, construction materials, crockery and
ceramics), other non-organics (electronic waste and
batteries) and miscellaneous (fine waste, tetra pak packages,
others) were gathered as well.
Determination of the Generation of MSW
In order to obtain a higher accuracy in the generation
rates, daily data on the waste load weights collected by the
trucks of the municipality were used. The data used in the
study were collected in 12 whole weeks corresponding to the
first quarter of 2009 (i.e., the 7 days of the week). Such
information was provided by the Department of Municipal
Public Works, which belongs to the Secretariat of Urban
Management of the municipality of Ensenada. The entire
population of 284,530 people from Ensenada, El Sauzal and
Rodolfo Sánchez T. “Maneadero” was considered in order to
obtain a per capita estimate, according to the INEGI’s data,
2005. The MINITAB® 14.1 program was employed within a
98% confidence interval, which was based on 12-week
samples using the student’s t-statistic.
RESULTS
The results the composition and quantification analysis of
municipal solid waste in the city of Ensenada are shown in
the next sections. As to the composition, 15 samples were
taken of approximately 100 kg with the entire weight of
1,379.13 kg of the sample analyzed. As to the generation, we
counted on data on daily waste load weights gathered in the
first quarter of 2009.
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Fig. (1). Composition of MSW in Ensenada.

Composition of Municipal Solid Waste
A total waste load of 1,379.13 kg was weighed, out of
which 439.02 kg belonged to the low socioeconomic status,
452.26 kg to the median status, and 487.85 kg to the high
status. (Fig. 1) provides details regarding the composition of
household waste (HW) generated by the combined three
socioeconomic statuses in Ensenada over the entire study
period. From these results, certain waste categories stand
out: food residual accounts for 34.28%, followed by paper
and cardboard at 22.49%, plastic at 12.53%, disposable
diapers at 7.14%, and textiles at 6.58%.
Of the total waste stream that is sent to the SL, 86.36%
could be reused and just 13.65% has no use and must be
discarded. Of the useful percentage, 48.34% is potentially
recyclable with financial and environmental benefits, and
51.66% of the waste stream could be reused to generate
energy. However, the waste at the SL is not being segregated
for later reused. Therefore, the material disposed of is
ultimately wasted.
Table 1 provides details regarding the composition of the
HW generated by the socioeconomic statuses and, their
percentages with respect to the total of categories.
As shown in the chart, the high socioeconomic status
discards a higher amount of waste with potential for energy
recovery at 46.53%. As to food scraps, this status generates
39.29% in contrast to the low status, which generates only
30.59%. Another category that stands out is textiles, which is
the least generated by the high socioeconomic status at
3.22%, as opposed to what it might be thought given their
purchasing power and the ever-changing fashion trends.
As to recyclable waste, the high socioeconomic status has
the most waste disposal at 43.73%. The category “paper and
cardboard” has the highest percentage in the three statuses,
of which the low and high ones rank first and second,
respectively. The category “plastics” ranks second at 13.01%
in the low socioeconomic status.

As to non-recyclable waste, 10.55% of disposable diapers
are generated by the median socioeconomic status, followed
by the low status at 6.96% and the high status at 4.14%. As
to the category “miscellaneous”, the low status generates
5.74%, containing organic and non-organic elements. As to
the category “other non-organics”, a greater amount was
found in the low socioeconomic status at 0.67%; this might
be due to second-hand purchases of electronics, as well as
disposable battery acquisitions, compared to the high status,
which reports only 0.20%.
Determination of the Generation of MSW
To determine the per capita generation, we counted on
data provided by the municipality on daily weights of waste
loads collected by the municipality-owned collection
vehicles over the first quarter of 2009. Only weeks that had
daily data were considered (i.e., whole weeks, Monday
through Sunday) except the first and second weeks of 2009.
The average weekly generation of waste was 1,727.588 ±
142.815 tons giving a per capita generation of 0.87 ± 0.07 kg
per person per day (see equations 1 and 2), where pcgm is the
mean and pcgl is the tolerance limit. (Fig. 2) provides details
regarding the distribution of MSW collection by the
municipality of Ensenada.
  1727, 583 kg   1 week 

 7 days
 1 week
kg
pcgm = 
= 0.87
(1)

284530 persons
day  person



  142815 kg   1 week 

 7 days
 1 week
pcgl = 

284530 persons



= 0.07

kg
day  person

(2)
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Composition of the MSW by Socioeconomic Status
Type of Waste

LOW
KG

MEDIAN
%

KG

HIGH
%

KG

%

Energy recovery
Food scraps
Textiles
Yard trimmings
Other organics

134.28

30.59%

146.88

32.48%

191.69

39.29%

41.74

9.51%

33.26

7.35%

15.73

3.22%

6.05

1.38%

18.92

4.18%

17.54

3.60%

5.19

1.18%

2.05

0.45%

2.04

0.42%

187.26

42.65%

201.11

44.47%

227.00

46.53%

104.35

23.77%

90.17

19.94%

115.66

23.71%

Plastics

57.13

13.01%

56.12

12.41%

59.47

12.19%

Glass

11.34

2.58%

20.16

4.46%

20.92

4.29%

Tin can

7.36

1.68%

9.83

2.17%

13.59

2.79%

Metals

2.31

0.53%

3.66

0.81%

3.70

0.76%

182.49

41.57%

179.94

39.79%

213.34

43.73%

Disposable diapers

30.57

6.96%

47.70

10.55%

20.19

4.14%

Inert waste

10.52

2.40%

9.62

2.13%

14.92

3.06%

2.96

0.67%

2.33

0.52%

1.00

0.20%

25.22

5.74%

11.56

2.56%

11.40

2.34%

69.27

15.78%

71.21

15.75%

47.51

9.74%

Total
Recyclable
Paper and cardboard

Total
Non-recyclable

Other non-organics
Miscellaneous
Total

DISCUSSION
Composition of MSW
Of the total amount of waste generated, 86.36% has the
potential to be reused and just 13.65% must be discarded in
the SL. In turn, out of the useful percentage, 41.75% could
be recycled and 44.61% could be used to generate energy,
thereby obtaining a host of financial and environmental
returns. However, a study carried out by Ojeda et al. [33] in
Mexicali shows that the potential for waste recycling in this
city is 33.12% and the waste with potential for energy
recovery represents 43.83%. The reduction of potentially
recyclable materials may be due to the fact that Mexicali

Fig. (2). MSW collected in the first quarter of 2009.

disposes of less paper and cardboard, tin cans, and glass
since it counts on more recycling companies, as opposed to
the current situation in Ensenada, where there are no
recycling businesses at all. The closest activities related to
recycling are the drop off centers provided by companies or
institutions.
In contrast to this study, another study carried out by the
Secretariat of Social Development (SEDESOL) [34] in
Ensenada shows that only 54.93% could be recycled (a
percentage higher than those found) and 30.96% could be
used to generate energy. Another study, carried out by the
Secretariat of the Environment and Natural Resources
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(SEMARNAT) [35], reports that the beneficial use of waste
for recycling is 52.02% and for energy recovery is 29.44%.
One explanation for these differences may be that the
recycling culture in the community is increasing; therefore,
waste with potential value is not discarded for later
collection by the waste collection services. This might be
due to the promotion and support of recycling campaigns
launched by the municipality and nongovernmental
organizations (NGO).
In the international stage, for example, a study carried out
in Hong Kong and Dublin shows that the domestic
household waste generated separately in these two cities that
can be recycled is 51.4% and 50.5%, respectively [23].
These percentages are higher than the ones found and set
forth in this study (approximately 10%). This may be
because within the recyclables reported in those studies are
included disposable diapers, while in the research reported
here diapers are not considered as recyclable for not having
adequate facilities for its recycling.
It is known that the facts and figures about the waste
reported in the U.S.-Mexican border have the particular
characteristic of less organic content than in the rest of
Mexico. Research carried out in several places around
Mexico show that, indeed, the organic composition of food
scraps and yard trimmings is lower in the north border
region. For example, the results published by BernachePérez et al. [26] in Guadalajara show food scraps at 40.7%,
yard trimmings at 12.2%, paper at 10%, and plastics at 9%.
On the other hand, Buenrostro [25] reports that food scraps
in Morelia accounted for 50.95%, paper 7.62% and plastics
7.68%. As to Chihuahua, Gómez et al. [24] reports that out
of the total amount of waste generated, 48.0% is food scraps,
16.1% is paper, and 11.9% plastics.
Different fact and figures regarding waste composition
were found in other countries. For example, organic waste
generated in Portugal accounts for 27.4%, paper accounts for
20.3%, plastics 18%, glass 6%, metals 5%, and textiles 3.8%
[36]. In Missouri, USA, the waste composition reported
paper at 41%, organics at 21%, plastics at 16%, metals at
6%, glass at 3%, and other waste at 13% [5]. In Cyprus,
waste composition reported paper at 24%, plastics at 5%,
food scraps at 39%, yard trimmings at 14%, glass at 1.5%,
and metals at 2% metals [37]. In every study mentioned, the
organic waste compositions generated in these countries are
lower than the one reported in Mexico. Ensenada’s waste
composition most closely resembles that of Cyprus. As for
the composition of glass and metal, the difference can be
partially attributed to the informal recycling.
Daily Per Capita Generation
In the present study, it was determined that Ensenada’s
municipal solid waste is 0.87 ± 0.07 kg per person per day.
Such a figure lies below the 1.3837-kg-per-person-per-day
estimate proposed by the National Institute of Ecology [38]
for Ensenada in 2010 (444 grams above the upper limit).
SEMARNAT [35] reported that the daily per capita
generation in the border zone in 2006 was 1.06 kg per person
per day. The figure found in the present study was lower
than the one set forth in the study previously mentioned.
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Other studies carried out along the Mexican border show
that the waste generation in Reynosa is 1.96 kg per person
per day, in Ciudad Juárez is 1.21 kg per person per day, and
in Tijuana is 1.17 kg per person per day [39]. All of these
figures are above one kilogram per person per day, higher
than the per capita generation estimated for Ensenada, which
is the most similar to Tijuana’s. In contrast to what was
found by Ojeda et al. [28], Mexicali’s waste generation is
0.592 kg per person per day, probably due to the data
sampling period, which was in two stages: from May to June
of 1999 and from March to April of 2000. The findings have
shown that Ensenada’s waste generation, to date,
corresponds to just the first quarter of 2009. Other reasons
for this may be 1) the political elections in 2000, where
political propaganda materials had an impact on waste
generation, and 2) Mexicali’s greater recycling culture over
that of Ensenada as well as more recycling-oriented
enterprises in the city. It is important to state that in these
previously mentioned studies, the samplings were done doorto-door, contrary to sampling in this study, where the
sampling was done right from the waste collection trucks.
Findings from this study show the opposite of what
happens in other cities around the country. Lower figures are
shown by Gómez et al. [24] in Chihuahua with 0.676 kg per
person per day, Bernache-Pérez et al. [26] in Guadalajara
with 0.580 kg per person per day, and Buenrostro [25] in
Morelia with 0.629 kg per person per day. Compared to
other cities worldwide, it can be observed that daily per
capita generation in Ensenada is similar to the generation
rates described by Hristovski et al. [40] with 1.06 ± 0.56 kg
in Veles, Macedonia (developing economy); Bernache-Pérez
et al. [26], who states that developed countries such as Japan
generates 1.22 kg per person per day and Germany 1.15 kg
per person per day; and Gomes et al. [36], who states that
Portugal generates 1.2 kg per person per day. This is in
contrast to other developed countries such as the United
States with a daily per capita generation of 1.98 kg per
person per day and Canada with 1.64 kg, countries where a
stressed difference may be noted.
CONCLUSIONS
Knowledge about household waste composition is
essential in order to properly plan its management. To know
the organic waste proportions is relevant to estimate the
methane gas generation during anaerobic decomposition and
reuse the waste to generate energy or to use this portion to
produce compost. In this regard, this study shows that
Ensenada’s waste contains an organic component of above
60%, taking into account paper and cardboard.
The large amount of waste generated in the city (86.36%)
could be reused, whether by recycling or energy recovery,
thereby generating financial, environmental, and social
returns that would otherwise be lost to disposal in the
sanitary landfill. However, due to a combination of the lack
of waste management plans and conservation, recycling
practices and recycling industry development policies, as
well as recycling licensees’ financial interests with the
ignorance of local authorities regarding the potential value of
waste material, the disposal of potentially marketable waste
material is a practice that will likely continue.
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