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H.6.2 EIA for the Composting Plant

H.6.2.1

Description of the Composting Plant Project

Table 11-85 shows the summarized outline of the composting plant project.

Tabtle H-85: Description of the Composting Plant Project

Aspecls

Descriplion

Basic Features

| Project Location

The Federal Zone, ex-Lake Texcoco area.

Land Arca

Around 36 ha occupicd by the plant

Aclivity

Treating organic waste by a controlled aerobic decomposition to
produce compost product which is used as soil conditioner andfor cover
soil for waste landfill.

Type of waste accepted

Scparaled organic waste in the sub-system. Estimated composition is
organic (dry) 13.6-23.6% and water 63.0-78.0%.

Structure of the plant

Access

Entrance from Periferico (the Peripheral Ring Road).

Internal coad

One outer voad and one cealer road

Construction Procedure

Conslruction stage

in 2001 730 ton/day capacity composting seclion
240 ton/day capacity curing section
300 ton/day capacity separation scction
in 2002 250 torn/day capacity composting scelion
80 ton/day capacily curing seclion
in2003 250 ton/day capacily composting section

80 ton/day capacily curing section

Land preparation in 1999 w0
2000

Construction waste compacted up fo 2m height, gravel of 0.5m
thickness, then sandy soil of 0.5m thickness.

Operation

Operation slages

Operation starts in 2002 with capacity of 750 ton/day composting
section, 240 toa/day curing section and 300 ton/day separation section.
QOperation size rises to 1,000 ton/day in 2002, and 1,250 tonfday from
2003 onwards.

3 .
Opeialion sequence

Waste is shredded into pieces by a shredder and formed into windrows,
undergoing acrobic decomposition {or 28days. Young compost is
transferred 1o curing to be decomposed by fungi. After 120days,
impurilics are removed from the maluse compost and the product is
shipped out. Rejected waste is disposed of at Etapa IV or V.

Rejected waste

96 ton/day to be disposed of (assuming 1,250 too/day ingut).

Products amount

167.9 toa/day (assuming 1,250 ton/day input}

Sub-producis amount

1.7 1on/day of metal to be recovered (assuming 1,250 ton/day input)

H.6.2.2 Analysis of the Environmental Impacls

Through the process of IEE shown carlier, it was concluded that the environmental
impact would be identified in the following aspects.

* & & 9

Pablic health.
Accidents/Risks,
Groundwater.
Air Pollulion.
Water Pollution,
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. Soil Contamination,
'Y Noise.
. Qdor.

Examining the current site condition and the construclion and operation process, 1ELE
was reconsidercd and concluded that the other environmental items, i.c. thosc which
were ranked as D in the IEE, will not be affected by the project. The reasons for their
exclusion are shown in a table in Scclion G.7 of this reporl. The exception is about
fauna because ecologically valuable species are found, hence this aspect is included in
analysis.

a. Pablic Health

Public health can be adversely affected by the composling plant project for the
following rcasons.

1.  Waste scattercd from the waste teailers which deliver waste from its origins
to the plant due to the mismanagement of waste delivery.

Offensive odor emitted from putrescible waste.

Proliferation of vectors.

Loud noise emilted by the use of machinery.

Dust caused in the turning process and machinety.

il el

Items 1 and 3 are examined below, and the others will appear in the later sections.
a.l  Mismanagement of Waste Delivery

Carcless delivery of waste may allow wasle to be scaltercd along the transportation
roules and around the composting plant, resulting into the degradation of city beauty
and public health.

Meanwhile, the DGSU has been using tarpaulin to cover wasle on the trailers in order
to avoid waste scaltering. [t is obscrved that the tarpaulin has becn achieving a
satisfaciory resull (o overcome this preblem.

Since this practice is continued, waste will not be significantly scattezed to degrade
the city cleanness or public health. It is ensured by regular monitoring that the
tarpaulin does not have large holes or tears though which waste might escape
from the frailers,

n2 Vectors Proliferation

Organic waste atiracts wide range of vermin (or disease vectors such as fly,
mosquitoes, rats, elc. which transmit pathogens) and hence can potentially increase
the incidence of diseases in surrounding population and the plant workers.

It is intended that waste is first subject to aerobic decomposition in the proposed
composting plant. In the acrobic decomposition process, casily biodegradable organic
malter, which is also the source allracting vermin, is quickly decomposed. They are
no longer readily available for those harmful fauna.

Acrobic decomposition will also raise the temperature of waste about 55 degrees
centigrade. Since most pathogens are susceplible to heat, it is expected that the
numbcer of pathogens decreases significantly as aerobic decomposilion proceeds, and
vermin will not approach to such hot matesial.
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Therefore, aerebic decomposition, if successfully confrolled, will minimize the
population of discase vectors and limit the spread of diseases. Furthcrmore, residents
live sufficiently far from the plant, thus they are unlikely to be affected by the
annoying animals from the plant. Nevertheless, the newly delivered waste will altract
pathogens and vermin, and there should be a certain amount of such young waste in
the plant at any time. Therefore, the plant workers working near the yraw material
ave instructed to wear appropriate clothes and equipment to prevent from being
exposcd to discasc veclors.

h. Accidents/Risks

Methanc is cxplosive when it accounts for 5% of air. Methane asscciated with waste
management, however, originales in methanogenic decomposition taking place in an
anacrobic process. In the windiows which operate acrobic decomposition, it is
unlikely to produce methane. If it should be produced, it will be easily dispersed into
the air. During curing, anacrobic decomposition nay take place in the deep section,
but decomposition process is very slow. Thus gas generation will not significant.

Carbon dioxide is formed as a resull of aerobic decomposilion of organic matter and
hence the plant will produce it. Human being will be asphyxiated if exposed to high
concentration of carbon dioxide for hours. At the composting plant, however, carbon
dioxide is produced al the windrows in open air and immediately diffused.

Therefore, the said risks or accidents should be unlikely to happen.
c. Groundwater

Groundwater conlamination is anticipated to occur under a situation where leachate
infiltzates into the soil and reaches to an aquifer.

{cachate intrusion into the aguifer, however, is only probable when there is cnough
leachate to fill all available porc space in the subsoil above the aquifer. In other
words, leachate quantily maltters. Although il is significantly difficult to numerically
express the amount of leachate to be produced, the proposed composting plant will
not yield much leachate for the following reasons'”.

* Mcteorological data shows that precipilation is about 600 mm/year and
evaporalion is about 1,800 mm/ycar on average ncar the ex-Lake Texcoco area.
The latter is by far greater than the former. Unlike a wasle landfill which
utilizes cover soil, waste in windrows is directly exposed to the air, hence waste
is always prone to be dry.

* Moisture conteat is sirictly monitored and confrolled to maintain the most
favorable condition for decomposition, either by spraying water or
encouraging evaporation using a turner. It is noteworthy that turaing was
proved to be an cxclusively effective countermeasure against flooded compost
in the DGSU’s existing composting plant during the sainy season of 1998, when
abnormally much sainfall was recorded.

Nevertheless, taking the very high water table in the site into account, once leachate,
even small amount, seeps into soil, it will readily meet with superficial groundwater,

" 1t is empirically known that a windrow composting plant produces litlle teachate and it commonly
operates without being provided with impermeabilization.
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Although the environmental impact given by this leachate may not be simply ignored,
it is to be reminded that this groundwater is not used by people.

Generally speaking, the concerns of leachate are (i) its high concentration of organic
matter (or high BOD or COD), (ii) its aggressiveness (i.e. low pHl), and (iii) the
contaminants carried by leachate.

Conlaminants are those which are originally contained in inorganic waste and
dissolved into acid leachate. Acidily is mainly a result of the dissolution of carbon
dioxide and organic acids: the former is produced by acrobic decomposition and
anacrobic fermentation, and the latter is produced by anaerobic fermentation.

in the case of the proposed composling plant, the following should be pointed out.

* The plant uses wastc which is separated as “organic waste” by waste
generators. Organic content is expected to be as high as 90%, white it is 38%
in normal municipal waste in the DF. Therefore, there is no er significantly
few sources of noxious contaminants in waste. Leachate contaminants in the
composting plant are mostly food origin and should be highly biodegradable
organic maller and nitrogen {either ammonia, nitrate or nitrite).

* The leachate will show low pH. Since groundwater contains high alkalinity, in
olher words it has high capacity to acl as a buffer against the ingress of
hydrogen ions, acid leachate will not lower the pll of groundwater.

* It is disputable whether there is a biogas which breaks vp the organic maller in
groundwater in the ex-Lake Texcoco area because of its atypically high salinity.
It can not be considered, however, that biotogical activity is totally absent, and
decomposable organics may be degraded into inorganics cven at a limited rate.

* Since permeabilily of the clay subsoil is at the order of 10 %cm/sec or could be
lower, the groundwater and contaminants, if any, move slowly.

* Groundwater in the shallow aquifer is not for human use because of the extreme
salinity. Therefore, contamination with organics and nitrogen, i any, does not
show any serious implication. Groundwater in the deep aquifer, which is used
as polable water, is far below from the ground surface and slow flow of leachate
within the shallow aquifer should by no means cavironmentally affect it.

In summary, it is considercd that leachate seepage into the soil will probably be a
smalt amount; it does not contain toxic substances but high concentrations of organic
matter; it will only very slowly flow with groundwater which is not used by humans;
and groundwater in the deeper aquifer unlikely will be polluted.

d. Flora and Faunpa

Ficld investigation revealed that flora of the area is not of pariicular interest, while ils
fauna includes important species to which special attention should be paid.
Environmental impact on thase species is anticipated.

Therefore, those environmentally valuable species are carefully transferred outside of
the sitc, so that the reduction in their poputation is avoided.
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c, Air Pollution

Air is anticipated to be polluted by traffic of waste trailers, dust raised from windrows
when the shredder and the turaer are used, and biogas generation. The latter was
already discussed in Section b, Pollution duc to the first two would increase the
incidents of respiratory discases and eyes irritation.

Regarding the traflic of waste trailers, the proposed project docs not largely change
the current traffic mode, thus the increase in pollutants einission altributable to the
project should be minimum. At present, it is well known that the road traffic is the
major cause of the air pollution in the DF, but the contribution of waste trailers traftic
is negligible.

As for dust from windrows, the problem is highly local and the recipicats are
cxclusively the plant workers. To minimize the dust effect, the workers are urged
to use appropriate clothes, masks and eye protectors and the site managers take
care of their health condition.

1. YWater Pollution

Watcr pollution could be found in groundwater and surface waler, and the
groundwalter issue has already been discussed.

The adjacent surface water is Brazo lzquierdo Rio Churubusco. The effect on it by
tcachate is to be considered in terms of quantity and qualily, as shown in the section
of groundwater.

The migration of leachate to the canal will be through groundwater or via ground
surface. Regarding the first route, groundwater contamination with leachate will not
be significant as discussed ecarlier, therefore groundwater will not contaminate the
canal.

On the other hand, surface runoff which might contain organic matter and probably
surface soil and compost pariicles may flow into the River Churubusco when il rains
hard. However, the problem will be insignificant since this will be an occasional
cveil when the runoffl cexceeds the waler absorption capacily of the platform.
Morcover, the runoff is intercepted at the embankment along the river and
eventually evaporated.

2. Soil Contamination

Seil contamination is a concern because it may cause groundwater pollution, degrade
ccosystem within the soil, and restrict the fulure land use resulting in land
devaluation.

‘The fisst issuc has alrcady been discussed under the title of groundwater.

As for the ecosystem, there are three items to be considered. One is that the leachate
infiltration occurs only when the control of moisture content is not successful,
Another is an elfect by toxic material. Leachate produced at the proposed composting
plant should not contain toxic substanccs that may impact the ecosystem, since waste
handled at the plan( should contain few sources of toxicity. The other is an effect
by organic matter. Leachate containing high concentrations of organic matter may
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change the living enviconment for microorganisins in the subsoit and, in Wwin, change
the structure of ccosystem. This change, if any, should not be negative.

In regard to the restriction of fulure land use, there are two key issues to be taken into
account. Firstly, the land vse in the project site is alrcady restricted by its high salt
content. Secondly, soil will be contaminated uot by hazardous substances but by
organics, which will be decomposed slowly but partly accumulated in soil for years
little by little.

Generally speaking, soil containing cxcessive organic matter may fall in short of
oxygen, then produce gases such as methane and hydrogen sulfide. Thus, excavation
before construction works could be risky. But it is only the case where exist
commonly expected biotogical activities. In the present case of the composting plant
site, however, leachate seepage is limited in volume, and organic matter will be
degraded only in a slow manner. Thercfore, soil contaminalion with organic
leachate would not restrict the land use oplions. Even if it should do so, the extent of
resteiction should be by far smaller than that due to salinity.

h. Noise

The plant will use a shredder to shred waste and a turner to turn waste in windrows lo
supply oxygen. These equipment can be a source of loud noise which might disturb
the daily life of adjacent residents andfor have an adverse health effect on the plant
workefs.

Regulations in Mexico in regard to noise stipulate the following.

‘§’: * Noise in the cavironment should not be touder than 68dB giving care to the
surcounding residents and fauna (NOM-081-ECOL-1994).

* Noise in the working areas to protect the health of workers is defined by NOM-
011-STPS-1994 which establishes the permissible maximum time of exposure
(0 nois¢ expresscd by Continuous Sound Level Equivalent (NSCE)'S as follows.

Table H-86: Permissible Maximum Time of Exposure to NSCE

Time (Hours) NSCE {(dB)
8 S0
4 93
2 9%
i 89
0.5 102 ]
0.25 105
% Both the shredder and the turner produce noise of 85dB3 from Im away at the 1.5m
height according 1o the technical specification. Background noisc level is assumed (o

be at 5Qd1.

The following equation is given.

* NOM-011-STPS-1994 gives a guide to oblain Continuos Sound Level Equivalent (NSCE: Nivel
Sonoro Continuo Yquivalente} in case where the workers are exposed Lo noises with dilferent intensity
for different period in their wosk day.
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bp=Lw—?.Ologmr-8'"""""""""(i)
where Lw = Noise level at source (dB).

r = Distance between noise source and recciving point (m).

Lp = Noise level at receiving point r melers away from the source (dB).
In case where several noise sources exist, the following equation is to be used.

P= 10]0310210""’10--'“--“--'-"-----‘(ii)
where P = Resulting noise level (dB) from plural noise sources.

Pi = Noise level from noise source i.

If the shredder and the turnet are working very closely, the noise level from the two
will be 88.01 dB by using equation (ii). Since the buffer area has 100m width, the
noise {evel at the periphery of the plant will be SO dB using equation (i). Combining
this and background noise, the resulted noise level is 53dB." It is sufficiently below
the permissible limit of 68dB.

As regards the second standard, the noisc level of machinery, i.c. 85dB, combined
with the background noise level, can be assumed to be the NSCE for the machine
operators who work near the tumer or shredder for eight hours. The synthetic noise
still remains 85dB? and exposure (o 85dB noise for cight hours is within the
permissible limit set by the norm, thus no health hazard is anticipated. Even when the
shredder and the turner come close each other, the combined noise level will be 88dB,
which should not be a serious problem.

Nevertheless, some plant workers may be vulnerable to noise less louder than the
permissible tevel. Putting appropriate clothes and protectors and regular health
consuitation arc recommended,

i. Offensive Odor Emission

Offensive odor is nearly unavoidable in solid waste maragement. It will be a minor
issue for the majority, but can be extremcly serious for limited population.

Culprits of offensive odor emitted from waste are gases such as ammonia (NHy),
hydrogen sulfide (H,S) and methyl mercaptan (CH3SH) which are mostly generated
as the end products of the anaerobic decomposition of readily decomposable organic
malter.

On the other hand, the plant is planned to operate a windrow system of aerobic
decomposition. Waste will be mixed wilth air by periodical turning to maintain
oxygen in wasle. Therefore, well managed aerebic decomposition minimizes the
production of malodoreus gases.

However, anacrobic decomposition can not be totally eliminated particularly during
the ficst week of the whole process. This is becausc the waste younger than aboul one
week is biochemically active due 1o the high proportion of casily decomposable

¥ 1elting two noise levels A(dDB) and B(dB) (A>=B), and when the disparity A-B is given, the value
d=C-A is empirically known, where C(dB) is the compound noise level of A and B. In this case, A-
B=0(dB) and d=3(dB).

* Following the above, A-B=35(dBB) and d=0(dB)
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malier, and oxygen is quickly consumed inside the waste. Therefore, odor will be the
most problemalic at the stages of unloading, shredding and first turning of the raw
mateiial.

In the curing seclion, although oxygen is not deliberately provided, natural oxygen
diffusion into the young compost can be expected because it is porous. Furthcrmore,
organics contained in the young compost are those which are difficult to be degraded
such as cellulose and lignin, and undergo a decomposition process only at a very slow
rale. Thus gas production is not significant.

A worty might be release of malodorous gases when the compost products alter
curing ar¢ turned when they are lransported, because of the possibility of oxygen
depletion in the deep portion of the mature compost. However, anaerebic process will
cease due 1o the drop in moisture content within the shorter period than the planned
curing period. Therefore, sufficient time is allowed for stowly produced odor to be
dispersed into the air, probably not remaining within the compost at the end of the
curning,.

In conclusion, odor produced in the early stage of composting is the most significant.
Since the plant design shows that a curing arca with much fess odor is laid out in a
poriion closest to the residential area, odor will not affect the adjacent residents. The
plant workevs are instructed fo wear appropriate clothes and masks.

H.6.2.3 Conclusion

‘The previous section described the possible causes and cifects on the eavironment
given by the composting plant and the extent of the problems. Figure 11-34 is a
diagram 1o show the discussion schematically.
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In conclusion, any major cavironmental adverse cffect is not anficipated. This is,
however, based on the several preconditions which were indicated with bold letters.
The failure to meet them may result in serious environmental impacts. Compliance
with those preconditions and recommendations has to be ensured by controlled

operation. These are shown in Table H-87.

Table H-87: Preconditions 1o Prevent Environmental Impacts

Preconditions

Consequence of Failure

Method of Control

A. During the waste transportation,
waste is cavered with a sheet over the
trailer.

Waste is allowed to fall and
city beauty and public health
will be degraded.

Periodical check of
shcets, Use of the
sheets tooe
acknowledged to all
workers.

B. Aerobic decomposition in the
windrow is securely controlled.

Explosive methane and trace
gases with offensive odor
will be generated and
cndanger the adjaceant
residents and plant workers,

Acrobic decomposilion
is monitored by
neasuring tempeature
and moeisture content
within the windrows.

C. Water content is carefully controlled.

Leachate infiltzates into the
subsoit and reach the high
groundwater table when it
rains hard.

Regular measurement
of waler content,
Freguent turning may
necessaty in the rainy
season,

D. Organic waste is satisfactorily sorted
at its source in the sub-system.

Leachate may contain loxic
substances which should aot
be allowed to be seeped into
the subsoil.

Education of waste
generators. Compost
product guality to be
coalrolled periodically,

E. Embankments is constructcd.

Runoff waler may bring
leachate, soil and compost

particles to the surface water.

Plant to be carefully
designed.
Embankments to be
well maintained.

F. The plant workers are provided with

Gases, waste-bore diseases,

Code of plant operation

proper clothes and protection. noise and dust will degrade to be prepared.
the workers” health. Workers’ health to be
cegularly checked.

H.6.3

H.6.3.1

Note: Problem D. is to be raised only when problem C. is presenl.

EJA for the Etapa V Project

Description of the Etapa V Project

The description of the Etapa V new land(ill project is summarized in Table H-88
below. Detailed descriplions are presented in Section H.2.2.2.
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Table H-88: Description of the Final Disposal Site Project at Etapa V

Aspects i - Description
Basic features
Location ‘The Federal zone of ex-Lake Texcoco ares
| Land Arca About 250 ha in tolal
Aclivity Final disposal of municipal waste collected in the DF and pari of State

of Mexico

| ‘Type of waste accepted

Waste from houschold and institutions, disinfected medical waste.

Slructure

Access

Accessed from the toll road (Aulgﬁista) conneccling the DF and |
Texcoco.

Quter ring road

Asphalt paved: width 20.0m, length app. 6km

Eaner roads

Width 10.0m, length app. 20km in total for the first lifi.

Iandfill area

First lift: 194ha, Second 1ift: 130ha, Third lifi: 74ha

Landfill bottom tiner

IDPE Tmam thick liner

Leachate collection

Submerged pumps are installed inleachale extraction wells.

Leachate handting

Pumped leachate sprayed over the fandfill,

Gas removal

Passive conirol through ventilation wells.

Construction Procedure

Construction stage In 2001 Roads and cells for the first Lift
In 2006 Roads and cells for the second lifl
- In 2010 ‘Roads and cells for the third 1i)
Operation
Operation stage From 2002 to 2004 Upio 8m
From 2007 to 2008 Up to 16m

From 2011 to 2012 Up to 24m

Waste disposal amount

3,609,000 ton/year in 2002 and 3,278,000 lon/year in 2010 assuming
the implementation of the M/P.

Waste trailess traffic

About 700 trailess per day.

Method of tandfilling

Wasle is unloaded {rom the trailess, compacted, piled up to 8m height,
and covered with soil. After the first ft of 8m, the second lift is made
100 inner from the edge of the first lift and up to 16m height. The

third is similarly made up lo 24m.

H.6.3.2 Analysis of the Environmental Impacts

The following cnvironmental items were deemed to be negatively affected through

the 1EE process.

* & 2 & & & & & 8

Odor.

Public health.
Accidents/Risks.
Groundwater.

Flora and Fauna.
Landscape.

Air Pollution.
Waler Pollution,
Soit Contamination.

IEE was attempled again with taking into account of the design features of the fandfill
and environmeral condition of the site, and it was confirmed thatl the other items
ranked “D” will not be affected adversely. The reasons for their exclusion from the
ElA are described in a table in Section G.7 of this report. Only one cxceplion is
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traffic. Initially, the project was not thought to bring any change in fraffic to the
current situation. Since the Autopista is to be used by waste irailers, however, the
issuc would require examination in terms of accident and risk. Consequently, it will
be discussed under the item of accidents/risks.

a Public Health
Public health might be affccted by the project for the following reasons.

1.  Waste scaltered from the waste trailers which deliver waste from its origins
1o the plant due to the mismanagement of waste delivery.

2. Offensive odor emitted from putrescible wasle.

3. Protiferation of vermin,

4. Dust caused by waste lipping, trailers movement on site, or from cover soil.

ltcins 1 and 3 are examined below, and the others will appear in the later sections.
a.l  Mismanagement of YWaste Delivery

Careless delivery of waste may allow waste (o be scattered along the transportation
routes and around the land(ill site, resuiting into the degradation of city beauty and
public health.

Meanwhile, the DGSU has been using (he tarpaulin to cover waste on the trailess in
order to avoid wasle scattering. It is observed that the tarpaulin has been achieving
satisfaclory resull to overcome this problem.

Since this practice is continued, waste wilt not be significantly scattered to degrade
> the cily cleanness or public health. It is ensured by regular monitering that the
tarpautin does not have large holes or tears though which waste might escape
from the trailers.

a2 Yermin Proliferation

Osganic wasle atlracts wide range of vermin {or discasc vectors such as fly,
mosquitoes, rats, etc. which transmit pathogens) and hence can potentially increase
the incidence of diseases in surrounding population and the site workess.

Waste is continuously landfilled (i.e. 24 hours a day) and covered with soil within 24
hours. Cover soil is widely practiced to prevent the population increase of noxious
fauna.

Thercfore, vermin proliferation should be minimum, without posing health hazards to
the public. The workers working at the landfill front are instructed to put
appropriate clothes and equipment to avoid any exposure o health hazards.

bh.  Accidents/Risks

Landf{ill operation can lead 1o an unexpected incident due to (i} problematic site
management and waste colleciion management, (ii) problematic traffic, (iii) waste
load pressure (such as landfill slope slides and lateral movement of soil) and (iv) gas
generation.
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b1 Problems of Management

Incidents caused by carcless site management can be expected during both the
construction and operation phases.

During construction, the opcration of construction cquipment and machine such as
dump trucks, bulldozers and loaders may be a danger to the site workers. Instructing
good sile operation to the workers, controt of their movement and appropriate
site supervision by experienced personncl minimize the potential risk.

During the operation, waste itself can pase serious risk. 13azardous, chemically active,
and/or radioactive wasles are pacticularly dangerous for the workers and could bring
long term risks open to the genesal public. Since the BP V is nol supposcd to accept
lhose waste, proper waste disposal manner will be thoroughly instructed to the
generators of such waste. At the site, waste is inspected periodically on arvival,
and visually monitored by the site workers at the (ipping front.

Even household waste can be hazardous. The site workers may be injured with sharp
material and broken glass. Conlainers with spray cans with remaining gas is
explosive. The site workers ave equipped with adequate clothes and protectors
stich as gloves and boots in case of such event,

Glass material is also dangerous setting spontaneous fire to waste under the sunlight.
Soil cover should minimize this risk.

The general public is prohibited frem entering the site as practiced in Etapa IV,
thus danger to them will be also minimized.

b.2 Problems of Traffic

Change in traffic mode near the site is expected during the construction and operation
along the Autopista México-Texcoco and a peripheral ring road called Periferico..

The Periferico and Avenue Pefon-Texcoco are currently used for wasle delivery to
the BP 1V. Thercfore traffic load along them will remain the same with stight increase
brought by traffic for construction. The increase in taffic load on the Periferico
should be negligible.

‘The Autopista is not used for wasle transpoil at present and should have an increased
traffic during the construction and operation. The current traffic load of the Autopista
is presumed to be moderately high considering the fact that this Autopista is one of
the major roads connecting the DF and the state of Mexico, although reliable data is
absent. Therefore, traffic increase in terms of proportion witl be small. Furthermore,
the Autopisia can be considesed to have a capacity (o absorb the traffic increase
brought by the project, What should be siressed is that the impaci by the project is aol
permanent but festricted in the construction and operation period, and that econemic
development and population growth particularly in the state of Mexico sill bring a
much larger impact on the traffic load than the tandfil! projecl.

Caution should be exercised to the junction of the Aulopista and the Periferico, and
the junction of the Autopista and the newly built access road. Since vehicles run the
Aulopista relatively high speed, any actions which interrupt the traffic flow such as
altering lanes and turning of long vehicles should be carefully controlled, Expansion
of reads at the junctions and other traffic contrel measures such as providing
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clear signs to call for deivers’ attention to (he movement of waste trailers are
carried out. In considering those, examination on the fluctuation of traffic loads of
normal vehicles and that of waste trailers in a day is taken into account with particular
altention.

b3  Waste Load Impact

As waste is accumulated, its gravitational force turns to be a significant stress Lo the
land. The EIA study®' previously carried out prior to the construction of BP 1V
stressed a possible risk of land subsidence by the waste landfill and hmpact on the
canals running in and around the ex-lLake Texcoco arca.

On the other hand, the impact which may be caused by waste load at vertically
expanded Etapa IV has becn alieady discussed in Section 11.2.2.2. Considering the
similarity of the projects and soi! characler at Elapa IV and Etapa V, the conclusion
derived from the said discussion will hold in the case of Etapa V.

The other possible concerns in regard 1o the compression effect are derived from the
presence of wells within the site, which were previously used o extract sally
groundwater. Without properly dealing wilh those wells, the following is anticipated.

* The impermeable liner at the bottom of the landfill is pressed down, scratched
with the sealed wells, and damaged. It may have a fault, or may become
susceplible 1o a fault.

» Change in subsoil structure by weight pressure may result in cracks or fissures
of the wells. If leachatc should be leaked into groundwater, such cracks or
fissures would act as a migration pathway {owards underlying strata.

I's

T

The landfill plan states that the well casings are {efally removed and the boreheles
ave filled with bentonite. If the work is successfully done, the worry mentioned
above can be ignored.

b.4 Gas Generation

The biologicat process taking place in a landfill with muaicipat solid waste resulls in
the generation of so-called “landfilt gas” or “biogas” which contains Clly, CO;, and
small guantitics of CO, N;, O, ammonia, sulfide and other trace gascs. Primary
concern regarding the biogas is CHy and CO,. The proportion of these varies with the
composition of waste and the age of the landfill, but in general, CO, becomes the
principal gas (about 60% on dry volume bases) in the catlier stage ol anacrobic
decomposition. After this, CHy exceeds CO;, remaining about 60% for a fairly long
period.

CHy is, if present in the air in concentrations betwceen 5 and 15 %, explosive, Within a
landfill, oxygen depletion acts as an impedance of CHj explosion. Once CHy migrates
to the ouiside of the landfill and meet with air, however, there is a large risk of
explosion.

CO;, being a heavier than air, tends to migrate downwards and remain in the lower
portion of the landfill for long time. When there is a chance of migration and contacl

It ABC Estudios y Proyecios, S.A. de C.V., Estudio de lmpacto Ambiental del Sistema fitegral de
Manejo de Desechos Solidos Borde Poniente, Contract N. 5U-2-31-1-800, March 1993
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with groundwater, it will be partly solved or precipitated as calcium carbonate on soil.
However, if it finds a pathway o enclosed sections (houses and/or buildings), CO;
will be concentrated up to over 0.5% and it is asphyxiant.

Migration pathways for those gases can be geological formation (fissures, joints,
caves, ete.) and man-made structures (boreholes, wells, sewer, etc.), and also can be
found on site such as monitoring sumps, ventilation facilitics and cracks created by
seltlement at site margins. '

The proposcd landfill design incorporates passive ventilation facilities in order to
prevent uncxpected gas migration. As far as the ventilation is exercised in a controlled
manner, landfill gas will be trapped and dispersed before migrating and risks due to
the tandfill gas will be minimal.

Besides, due lo the presence of the gcomembrane liner on the bottom of the landfill,
the chance of biogas migration through underground pathways is also minimal.
Further, as for CO,, there is a sufficient distance between its source and the residential
area, which is an anticipated target of CO;p impact.

It should be stressed that landfill gas formation generally lasts for nearly 15 years or
more after the site closure, depending on the decomposition speed of waste.
Thercfore, ventilation facilities are kept mainlained and regular wonitoring of
gas composition is carried out.

c. Groundwaler

The possible environmental impact on groundwater is twofold: change in the phreatic
waler level and change in groundwater quality.

c.l Groundwater Table Level

Change in the groundwater table level may have a serious imprecation for the
hydraulic structures owned by CNA in ex-Lake Texcoco area.

One of the priority issues of the BP V landfil design is to minimize the volume of
leachatc by minimizing rainwater infillration. As a result, water recharge into the
shallow groundwater will decrease, then water table will be lowcred. However, the
landfill site is only a small portion of the whole ex-Lake Texcoco area from which
groundwater recharge takes place.

Thercfore, the decreasc in the water 1able level will be too small to give any influence
to the local groundwater hydeology, and an adverse impact is null.

.2 Groundwater Quality

When waler passes through waste which is under biological decompesilion, a wide
variely of substances present in waste, of which heavy melals are of particular
concern, will be dissolved into water. As the decomposition of relatively young waste
produces carbon dioxide and organic acids, pH of water drops and toxic conslituents,
particularly heavy metals, become readily soluble. The impact of lcachate on
underlying groundwater should be considered in terms of quantity and qualily of
teaked leachate. '

In general, origins of water (or leachale) can be waste itself, rain, surface water body,
or groundwater, but the first one is usually negligible. In the present case of BP V,
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neither surface waler nor groundwater will be the source of leachate as there is no
major surface water body around, and groundwater infiltration into the landfill is to be
cut off by an impermeable liner laid at the landfill bottom. The remaining possible
origin of lcachate is rainfall, but its percolation into the waste is considered to be
small. This is because cover soil and intermediate cover soil will act as waterproofing.
Therefore, leachate gencration amount is controlled in first place.

Generated leachale will graduvally travel dowmwards through wasle, rcaching a
inpcrmeabilization system. The system consisls of a synthetic liner (Imm thickncess),
and the original clay formation of with about 0.5 m thickness, below which exists the
shallow groundwater. As far as the lincr functions in a normal manner, the system
should be enough to prevent leachate from leaking, hence preventing groundwater
contamination.

Abnormal function of the liner can be anticipated iu case where the liner gels
damaged by hard objects or pressure given by waste and/or accumulated leachate. The
proposed design attempts to protect the Jincr from physical damage by providing a 0.5
m thick tepetate layer over the liner, and to control the water head of leachate by
extracting it. Waste toad will not cause land subsidence large enough to make a fault
to the tiner (se¢ above). Therefore, the possibility of leachate leakage is substantiatly
small.

In conclusion, the possibility of contaminated groundwater will be negligibly low.

ABC study (1993) pointed oul that the abandoned wells existing in the surrounding

% arca might act as a migration pathway for leachate. It would be problematic only if a

4 certain amount of leachate with significant contaminants reached one of the wells.
However, because of what has considered above, such ¢vent is implausible.

d. Flora and Fauna

Field investigation revealed that flora of the area is not of particular interest, while its
fauna includes important species lo which special attention should be paid.
Environmental impact on those species is anticipated.

Therefore, those environmentally valuable species are carefully transferred outside of
the site, so that the reduction in their population is avoided.

e, Landscape

As the project site is almost flal, the presence of 24m high landfill must be a
significant change in the appcarance of the area.

In considering an issue of landscape, however, not only the simpte appearance bul
also, or with higher aitention, how thc appearance appeals to peoples’ perception
should be taken into account.

Although the latter is highly subjective and difficult to be discussed in general terms,
a good attempt will be 10 employ a photomontage technique to compare the landscape
before and after the project. The resulls are found in the EIA report prepared by the
JICA team. It can be deemed that since the ex-Lago Texcoco area is vasi, the
elevation of 24m is not significant. Further, vegetation developed on the landfill is
expecled to improve the acsthetics of the area.
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As the landfill is 2.2kin away from the nearest residential area, it is not be well seen
by the residents. It will be most visible from the Autopista, hence the car drivers and
passengers will be those who perceive the landscape. Since the site is not regarded as
a scenic spot, it is considered that any impact lo the drivers and passengers given by
the change in landscape will be relatively small.

f. Air Pollution

Air pollution may be caused by two factors: trafiic and sitc operation,

f.1  Air Pollution by Traffic %

It is generally known that vchicle (ransportation pollute the atmosphere duc to the
exhavst gas containing SOx, NOx and CO. The presence of these may increase the
occurrence of respiratory diseases or eye irritation in population and damage
vegetation.

Since Etapa V is to be used as an alternative o Etapa [V, wasle trailers will be simply
diverted from the present access road to the Autopista and a new access road.
Although the travel distance will increase by about 10km for one round irip, the
increase of pollutants emission in populous arcas duc to the project will be only
slight.

f2 Air Pollution by Operation

Air pollution caused by landfill operation is attributed to the gencration of noxious
gases and dusi.

Regarding the former, the concern is (wofold. On¢ is major biogas components, §
namely methanc and carbon dioxide, and already discussed earlier. The other is about
trace gasces with offensive odor, which will be independently considered later.

In respect of dust problem at the site, it is anticipated that dust will be raised at the
tipping front, from the soil cover, and/or from the inner roads when a vehicle passes
(the outer road, paved with asphalt, will not be a dust source}. For the [irst issue, it
will be more or less inevitable due 1o the nature of the operation, but the problem is
very local and the impact can be minimized by workers® using appropriate
masks. Dust from the soil cover will be insignificant since the proposed project
sprays leachate and/or waler over the landfill. Spraying lcachate and the control
of vehicle movement within the site will limit the dust form the inner roads.

2. Water Pollution

Walter pollution could be found in groundwater and surface water, and the former was
already discussed.

There are three canals aleng the wesl, east and south sides of Elapa V. Possible cffect
on surface water will be caused by the following.

* Overflowed leachate migrates over the land surface to reach the canals.

*+ Infiltrated leachale migrates via unsaturated pore spaces toward the canals,

* Infiltrated leachate migrates to the shallow groundwater and contamipated
groundwater reaches the canal.
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On the other hand, the design of the Etapa V landfill includes the soil cover over the
waste and an impermeable HDPE Liner at the bottom of the tandfill. Therefore,
lcachate generation within the land{ill and migration out of the landfill should be well
controlled. it is unlikely for leachate to cause surface water contamination.

However, surface water pollution might be also occurred by the ingress of runofl. It is
unlikely that runoff water becomes contaminated with leachate or particles of the soil
cover. This is because firstly runoff water docs not have a contact with leachate doe to
the presence of the soil cover, and secondly the final cover is firmly compacied not to
be eroded. Further, since rainfall in the region is few, the problem will be only
occasional, Therefare, the impact of surface runoff on the surrounding canals is
insignificant.

&

h. Soil Contamination

Soil contamination matters because if it occurs, groundwater will be degraded, soil
ccosystems will be affected and the future land use will be restricted.

Soil contamination is probable only if substances present in the leachate from the
tipped waste intrude into the soil. However, there is an HDPE liner to confine
leachate within the landfill, hence it is very unlikely that lcachate finds a way to the
soil.

In regard to the land use, the site is currently already restricled duc to the high salinity.
The landfill development may cven improve the land condition since vegetation will
be introduced on closure.

i, Qdeor

Although organic waste generated in the sub-system is o be separalely collected and
delivered to the composting plant, organic waste will stitl be a targe proportion of
wastc t0 be disposed of at Etapa V. Therefore, production of offensive odor is
anticipaled.

However, it is observed that the dry climate of the Mexico City helps decrease ador.
Further, once tipped at the landfill, waste is compacted and covered with soil at
fairly short interval. These practices should minimize odor problems.

Offtensive odor may also resuil from the production of landfill gas. However, landtill
gas shoutd not cause a significant odor problem as they will be venlilated in a
controlled manner and will be adequately treated. '

H.6.3.3 Conclusion

The previous section described the possible causes and effects on the enviconment
given by the landfill development at Etapa V and the cxlent of the problems. Figure
H-33 is a diagram to show the discussion schematically.
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Although the further study is to be done, major adverse effect on the environment has
not been identified, except the impact on fauna which require carelul attention.
tHowever, the conclusion so far relies on several preconditions which are to be
implemented on the project commencement. In other words, if some of those
preconditions are not realized in the actual project, the conclusion of EIA presented
here can not be guaranteed. Table H-89 presents such preconditions, consequence of
their failure, and method to ensure the preconditions.

Table H-89: Preconditions to Prevent Environmental Impacis

Preconditions

Consequence of Failure

Method of Conlrol

A. Durning the waste
transporlation, wasle is
covered with a sheet over
the trailer.

Waste is allowed to fall and cfly
beauly and public health will be
degraded.

Periodical inspection of sheeis/
Use of the sheets to be
acknowledged to all workers.

B. Tipped wasle is covered
with soil with faidy small
intecval.

Vermin/pathogens will be
proliferated. Offensive odor will
be generated. Much leachate will
be generated. Wasle will catch a
fire.

Soif covering practice to be
acknowledged to the site workers.

C. Project site is well
managed during the
constiuction.

Theie will be accidents/risks.

Site management is to be checked
by experience personnel.

D. Hazardous industrial or
mcdical waste is not
disposed of.

Water and soil contamination
with toxic substances.

Thorough instruction in regard to
the waste disposal method is to be
given to people in industry and
medicine,

E. Waste is inspected on
arfival at the landfill.

F. Workers are equippcd with
proper clothes, masks and
protectoss (i.c. bools,
glaves, ear proleciors, elc.)

Hazardous waste can be
disposed of withoul detected.

Regular waste inspection is to be
encouraged.

Sharp material, dusl, odor and
noise will degrade the workers'
health,

Equipping with proper clothes and
protectors is to be encouraged.

G. Traffic is controlled al the
junctions.

Risk of traffic accident wifl
increase,

Change of iraffic is well studied
and countermeasures such as road
cxpansion and provision of traffic
signs should be implemented if
NCCTSSARY.

H. Well casings are tolally
rentoved.

The impermeable liner will be
damaged.

Wells to be inspecicd after the
casings removed.

I. Landfill gasis venlilated
even for sufficient period.

Landfil} gas will migrate and
cause ptoblems of methane
explosion, asphyxiation, and
odor.

Landfill gas is to be monitored and
the function of gas ventilation
facility is to be inspected.

I An impermeable liner is
laid at the bottom of
landfull,

Groundwater will migrate and to
generate leachate. Leachate will
migrate and contaminate
groundwater and soil.

Appropriate site work is to be
encouraged in order to securely
1ay, anchor and protect the tiner.

K. Vehicles move within the
site in a controlled
manner.

Theee will be accidents/Tisks and
dust problem will be raised.

Vehicle movenent is contiolled
by proper personnel.
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H.7

H.7.1

Project Evaluation

Project evaluation was carricd oul from the technical, institutional, social,
environmental, financial and cconomical perspectives.

Teciinical Evaluation

Technical systems of the priorily projects comprise:

s Composting plant to (reat organic wastes scparately discharged from the
sub-system

s Verlical expansion of the Bordo Poniciite Etapa IV
s Construction of New Final Disposal Site (Bordo Poniente Etapa V)

Technical cvaluation herewith gives an assessment whether or not these priority
projects are enforceable, with reference to the present technical capabilitics reserved
by the DGSU.

a. Composting Treatment

The delegation Gustavo A. Madero had owned a municipal solid waste composting
plant operated until 1993.  The facility was shut down and dismantled mainly
because mixed municipal waste fed to the facility deteriorated compost quality.
Although the project ended in failure, it gave an experience of construcling and
operating the facility to the DGSU, which lcarncd that, in order 1o prevent this failure,
a composlting facilily should be fed with selected organic wastes.

On the other hand, the DGSU is currently operating a small windrow composting
plant for processing the garden wastes (c.g., pruned trec branches and grasses), and

© the compost products are of satisfactory quality.

Thercfore, it is judged that the DGSU rescrves technical capability to construct and
operate the composting plant. In other words, technical problems in construcling
and operating the plant arc not foreseen.

Major factors lo decide success or not of a composting plant are:

+ quality.

* market demand of compost product.
The compost plant owned by the delegation Guslavo A. Madero was fed with mixed
municipal waste, conscquently the compost product from the plant was of inferior

qualily as it contained high impurilies, where market demand for such low quality
compost was so small that the plaat was [inally shut down.

Since the compost plant in the study is planncd to trcat organic waste separately
collected, it is expected that compost preducts of good quality are to be produced.

Although the market demand of composi products in the DI is not welf knowa, if the
compost products are of high quality, it is very possible to be used as soil conditioner
for:

+ gardeaiog in place of natural ferlile soit presently exploiled from forest areas.
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H.7.2

+ greening of ex-lake Texcoco arca where high salinity in the original ground
impinges the growth of vegetation,

s greening the Bordo Ponicnte final disposal sites.

Therefore, the mistake experienced by the Gustave A. Madero compost plant will not
be repeated by this composting plant project.

On the other hand, it is anticipated that the market demand of compost product might
sometimes become smaller with scasonal factors.  Therefore, it will somctimes be
necessary o consume the compost products with lesser costs, rather than over-
stockpiling. In largeting cost reduced compost consumption, it can be an alternative
to utilizc mature compost before separation for such as cover soil for landfills (as cost
of separation process could be saved). In this light, it will be necessary to investigate
and develop a market of:

* low quality compost.
b. Vertical Expansion of the Bordo Poniente Etapa IV

This project is in line with the current technical practices of tandfill operation by the
DGSU, and only an additional technical requirement of the leachate collection and
spraying is included. Therefore, it is judged that the DGSU could easily comply
with the technical requirements of this project.

c. Construction of New Final Disposal Site {Bordo Ponieate Etapa V)

The Bordo Ponientc Etapa V is proposed to be constructed with the same technical
components as what are employed in the present landfill (Etapa 1V}, and only an
additional technical requirement of the leachate collection and spraying is included.
Therefore, it is obviously judged that no technical problems arc foresecn.

Institutional Evaluation

Allernatives of institutional seltings for priorily projects can be: “DGSU”, “parasiatal
enlity” or “private enlity”. However, an alternalive that a “private entity” be an
owner of any of the three priority projects seems o be very difficult to be realized.
This is because all the priorily projects are located on the federal tercitory managed by
the CNA, where the guarantec of long term environmental proteclion by an cligible
project proponent (such as GDF) is necessary. In other words, two-partics (CNA
and a private entity) ncgotiation rcgarding a SWM project in which the DGSU being
absent will unlikcly be accepted by the CNA.

Meanwhile, in any case, responsibilities of the project should always be placed on the
DGSU where three parties intervene in the project (i.e., the land owner CNA, a
project proponent, and DGSU who assumes the responsibitity against CNA).

Furthermore, the priorily projects are sclected as they have an urgency in
implementation. Thercfore, an appropriate alternalive in practice should be that at
first instance the DGSU becomes in charge of project investments and that the project
operalion for the initial time being should be: directly by DGSU; or by contraci-oul.

This inslitutional sciting reccommended above is in line with the present inslitutional
framework practiced by the DGSU.  All existing human and techaical resources of
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the DGSU can continuously be utilized.  Thercfore it is judged that this inslitutional
alternative is reasonable and workable.

However, in vicw of the medium and tong term targel to improve efficiency in SWM
by the GDF, whether “maintaining the original institutional setting” or “altering it 1o
other institutional alternatives” should be carefully examined at an appropriate time
interval.

H.7.3 Social Evaluation of Priority Projects

The following components are remarkable in the social evaluation of the three priority
projects, whose feasibility studies were carried out.

a. Publie Health

The construction and operation of the composting plant will carey the following
public health results:

* Scparation and processing of the organic material will be beneficial, as il will
considerably reduce the proliferation of disease-carrying vectors (flics,
cockroaches, mosquiloes, rodents).

* Likewise, a decrease in a number of illegal dumping sites, yet significantly less.

* There will be no adverse impacts -represented by noise or offensive odors- for
the surrounding population due to the location of the plant, as long as it will be
operated efficiently.

Regarding the operation of Etapa 1V and the construction of Etapa V, the effects on
public health will be the following:

+ Significant reduction in the proliferation of harmful, disease-carrying fauna
(vectors).

¢ Lessillegal dumping sites.
¢ No ncgalive impact caused by noise and offcnsive odois.

* Possible adverse effects by dust, noise and accident, due (o the intense truck
traffic; this fact would lead to the adoption of mitigation mcasures, though the
supervision and control of transportation and public education.

b. Employment
Composiing Plant:

* Itis estimated that 250 jobs will be created during the construclion of the plant
in year 2001.

* It is considercd that 80 new jobs will also be created for the years 2002-2003,
amount that will risc to 120 jobs for the period of 2004 to 2010.

Sanitary Landfill (Etapa IV and V)
+ ILis estimated that 50 jobs would be created during Etapa V planning, designing
and conslruction phase in years 2000 and 2001.
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* Creation of new jobs during the eperation stage of landfills IV and V {rom ycar
2001 to 2010. Since the works in Etapa 1V and V will be held altematively, itis
estimated that the same staff will be used, with slight increments of around 100
new jobs.

Separated Collection:

» For the subsystem collection, which is to be contracted out or operated by
concessionaire, it is eslimated that 530 jobs would be created as of 1999.

* The separatcd collection to be contracted out and/or operated by concessionaire
granied in the arcas in which such service is currently rendered by the
delegations is estimated to begin gradually in the year 2002, With the possible
pariicipation of worker associations currently linked with this service, a balance
between the number of jobs is expected without dismissal, since the stafl will
be rotated to more advanced phases of collection, processing, haulage and
secycling tasks of the separated material. All the aforementioned process would
generate around 11,000 new jobs by the year 2010, which in turn would cover
the possible displacements of voluntary and informal personnel (sce Tabte H-
90).

Yet, it should be pointed out that the latter estimate stalf comprised for secycling is
merely hypothelical, being subject to diverse factors thal might reduce such figure
indicated.

¢ Occupational Health

* The adverse effecls of dust and odors on the composting plant workers will be
prevented and controlled through the compliance of standards and laws on
occupational and securily envirenment, established by the corresponding labor
and health lcgislation bodies.

* Rcgarding the adverse effects of dust, noise and exposure to hazardous factors
due to harmful agents contained in the solid wastes of Etapa 1V and V, they arc
to be controlled or mitigated through the supervision and monitoring by the
GDF on the landfill operators, by the reinforcement of the existing laws on
warkers’ protection.

* Likewise, supervision and control must be exercised with respect to the safety
of workers at the unloading zones and the internal fandfill roads, so as to avoid
accidents due to the operation of the cquipment and heavy trucks. These
methods will prevent negative impacts that the uncontrolled operation of heavy
machinery might cause.

In addition, all the adverse impacts previously mentioned will be mitigated
(hrough training courses on occupational health and safcty at work for the GDF
staff and conlractors.

d. Conlinuity of the Sexvice

'The operation of a sanitary fandfill is continuous. This fact is even more critical for
the DF, whose only final disposal silc is represented at Bordo Ponientc sanitary
landfill, Without any other available alternative, this site must run peamanently; this
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means that the operators (contractors, concessionaires or parastatal eatity) must
ensure its proper functioning throughout the year. For this purpose, clear contracts
will be helpful, stating the punitive clauses in case of a breach, the measures (o be
followed should a interruption of the service occur, and even insurance policies to
guarantee the continuous operation of the landfill.

Other items related 1o the social evaluation of the three projects are shown in Table
H-91. In summary, the social cvalvation of such projects docs not show sigaificant
problems, and hence certain benefits -such as more jobs- witl be present. In addition,
it should be pointed out that the most important health and environmental problems
for the urban population of Ecatepec and Nezahualcoyoll municipalitics arisc from the
open waslewaler canal (Canal de Sales), which is adjacent to the urban concentration
along a distance of 7 km and are not related to the three priorily projects.
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H7.4

H75

Environmental Evaluation

Environmental adverse impacts envisaged to be induced, when and whete the priority
projects arc implemented, are all estimated to be mitigable andfor preventable by
some countermeasures to be incorporated in project design or operation manner or
others. It is judged that the all priorily projects are environmentally sound,

Financial Evaluation
a. Introductory Remarks

In quaniitative analysis to address the major issues of financial sustainability and
viabilily of SWM was attemipted by applying FIRR index, four kinds of “benefits”
Swould be estimated by the measurement of proxies, vis-a-vis, (i) money transaction
actually taken place from beneficiacies to collectors, (ii) willingness to pay (WTP)
currently revealed by people in DF, (iii) empirical WT'P, and (iv) long-run marginal
cost {(LRMC) of scsvice. Thus by using FIRR, the analysis will numerically elucidate
the rung of financial vulnerability associated with, and amongst cach of the “benefits”
as numerated above. In preparation of FIRR analysis, current household income and
entity revenues in DF have duly been investigated lo provide a baseline conditions in
estimation of WTP in pecuniary term.

Details of income distribution of houscholds and revenues of entities, its estimation in
Mexico City, as well as the work outcomes of the Public Opinion Survey (POS) that
was carricd out in 1998 level are provided in Data M. Further, the theoretical
background and the state-of-the-art estimation of long-run marginal cost (LRMC) arc
instructed as reflected in Dala M to provide a briefing on the underlying cconomics
coencept in search of financial viability, and economic feasibility as well, as borne out
by FIRR and Fconomic Internal Rate of Return (EIRR).

b. Houschold Income and Enlity’s Revenue

In preparing the measurement of project benefits in terms of willingness to pay
(WTP) of people to pay for the public seivice in concern, current househotds income
and enlity’s revenue in DF are estimated while utilizing the Public Opinion Survey
(POS) and macrocconomic data, as appropriate.

b.1 Household Income

Income Bistribution in Mexico

Distribution of income in Mexico worsened notably as some of the economics index
reveal, For example, the Gini coefficient of Mexico’s total income distribution
increased from 0.43 to 0.48 over the decade of 1984 to 1994. This deterioration tock
place prior to the 1995 currency crisis-induce recession, as such it could not attribute
lo business cycle effects. Alternatively, the increase in overall income incquality

s Meanwhile, to date, cost recovery scheme to finance the concerncd urban sanitation service is yet (o
come, as such the detailed investigation of financial viability in terms of benefit-cost analysis with costs
{of the prospective investiment plan) and benefits (profits emanating from tariff on public scrvice)
encounters difficulties at this moment in time. In the light of this, it should be noted that the term
“benefils” used in the following pails does not presume, except for the 1anff system for Jasge-scale
consumers in DF, the pecuniary concept of “revenucs” from tanilf fevied on direct beneficiaries.
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appears to be closcly related to an increase in the dispersion of wages and salaries
across different schooling levels. While the average wage as denoted by monetary
income incrcased by 8.1 percent in real term arising from P.7.00 per hour to P, 7.57
per hour over the same Ecriod of time, 83 percent of workers experienced a significant
decline in their wages.?

Estimation by Macroccononic Information

The 1997 revenue from the Payroll tax (Jmpuesto sobre la Nomina) in DF was
projecied at P.2,434.9 million”’ with the registered tax payers of 2.833 million®,
thereby leading to an estimate of per capita payroll tax at P. §59.7 in the year. With
this, combined with the payroli tax rate of 2 percent®, the total amount of 3Ji_myro]l
checks cach earner received in 1997 was P.42,973.8, or P.3,581 per month™. Also
considering the total population of 8.62 million in DF, the ratio of payroll workers to
the total population in DF will be 3.04. Let’s take it as given that the average number
of a houschold is 4.75", the number of payroll wage eamers per houschold is 1.56,
thus making the estimated household income at P.5,586 per month, or US$ 613.8 per

nienth.

Public Opinion Survey, (POS)

taely

For 388 effective responses, lhe average monthly income was found at P. 4,697.2 that
is cquivalent to US$ 516.2 per houschold, wilth an average of 1.7 permancat job
holders per houschold. Of the gross household income, P.4054.9 percent, or 86.3
percent, has been the aclual expenses, as such the aforementioned assumption of
deductibles of 15 percent as taxes and others is in harmony with this outcome and
would be considered acceptable. Distribution of income revealed by these effective
respondents is illustrated and given below as ffigure H-36", As clearly depicted, a
distribution of sample will be overlapped in shape with that of the country as a whole.

€

“ Reference: Ulrich Lachler, Education and Earning Inequality in Mexico, World Bank Research
Working Paper 1949, 1998, p5

2 Source: Congress Repont, Cuaderno Estadistico de las Finanzas Publicas del Distrite Federal, 1997,
The total tax revenue in DF was projected to be P.15,914 million, of which 15.3 percent was from the
payrolf lax.

* The number of payroll workers in DF both in the public and private seciors is estimated from that of
2.765 million in 1994 and its proporiional increase with the annual average population growth of 0.6
pereent in DF, (Source: INEGI, XIV Censo industrial, XI Comercial y Xf Censo de Servicios Censos
Feononticos 1994 DF, p.6) In aggregate, economically aciive population in Mexico is around 36
million in 1997.

¥ Source: CALIDAD ISEF, Codigo Financiero de Disirito Federal 98, p.85

¥ Fhis estimale is perceived to be somewhat equivalent to around 20 to 25 percent less amounl of those
for Manager class people in the poblic sector, (Reference, Interview to the Financial Advisor (Asesora)
al the government of DF, 1998)

3 Source: POS carried out by JICA tcam in 1998

2 Evidently in the light of stochastic, the sample estimate of average income can not be used either for
point estimation, or interval estimation in search of the populalion paramcters simply because the
population sampled is nol, as previously seen in Fig. 87.5.xx, normally distribuled, Neither does
nonparamelric, or distribution-fice, stalistics where no assumiptions about the populations except
confinuily of a random variable specify ligures in point or interval estimation of parameters. In the face
of binding conditions in place, the sample estimate would besl be understood as a good deal of
beachmark income level or supportiog information for the previous estimate derived from
macroeconomic data,
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Sampl Income Distribution in DF, 1998
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Figure H-36: Sample Income Distribution in DF, 1998

h.2  Entity Revenue

Currently in DF, the statistical data and other numerical information on the financial
position of entities in DI are of no avail. Wilh this in view, macrocconomic data is
alternatively used in estimation of gross revenues and per unil operational/non-
operational revenue internally generated by the entities in DF. The 1997 gross
regional product (GRP) in DEF was US$ 97.0 billion, around a quarter of GDP.
Deducling depreciation and indirect taxes from GRP, regional income is now inferred
to 80 percent of the apgregate production of goods and services in DF, of which the
sharc of return to production factors, or economic agencies, corresponding to the
private busincss/firms seclor is presumably set al 45 percent. With this, combined
with 330,000 cntitics registered in DE, the gross and per uail revenues altributed to
entitics arc cslimated at US$ 34,920 million and US$ 0.185 million per year,
respectively. Provided that 35 percent of taxable income are subject to the fiscal
obligation of corporate tax and other indispensable payments for allowances,
disposable incomes, or net profits for appropriation will be approximated at US$
22,698 million and US$0.068 million per annum for the eatilies in aggregate and wnit,
respectively.

c. Willingness to Pay (WTP) - People’s Perceptive “Bid Price” fox Service

§ Firstly, a kind of “bidding prices” rendered by the direct beneficiaries (catcgorically
divided to households and entilics hercwith) in DF for the public scivices in concern
arc compiled as a proxy measure for their willingness to pay™. Subsequenly, the
empirical WTP currently in use for the amalyses by the international lending

3 WP is presumably demonstrating people’s normative judgement in terms of maximum amount lo
pay for the services concemed, with an assumgption that beneficiaries do make decisions on how much
they atlocalte their scarce resource under their specific constraints and preference. Alternatively saying,
WT# is the “bidding price” for solid wastes management scivices that people reveal with a view o
maximizing their welfare withoul mecting linancial hardship.
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institutions and aid agencies is set forth in a bid to delineate the difference between
the world perception and the WTP cureently in place in Mexico City.

c.l  PBeliverables of POS - Revealed WTP and Money Transferred

With the POS outcomes compiled, willingness of cach of the households and cntities,

vis-a-vis, factorics, offices, markels, and schools, to pay for the service turned oul to

be respective of P.A2.S per week (US$59.4/ycar), P.0.016 per kg, P.0.047 per kg,

P.0.024 per kg, and P.0.03 kg, whilc #ips and fincas actually paid were P.7.07 per Py
week (US$33.6/ycar), P.0.018/kg, P.0.012/kg, P.0.0S1/kg, and P.0.458/Kkg™, in that k-4
order. In aggregale, willingness of houscholds to pay for and actual transfer imparted

the indicatives of US$ 123.2 million and US$ 69.7 million per annum. Also, the

weighed average™ WTP and moncy transactions actually took place for the collective

cnlities in DF are indicated reaching P.0.03/kg and P.0.02/kg, or, US$ 3.4 and US$

2.2 per ton, combining to the aggeegates of US$S 7.6 million and US$ 5.0 million per

annum, respectively.

With the above, combined with the observations regarding the disposable income
eslinates as previously given, WP and the pecuniary transfer actually took place for
the housecholds account for 1.22 percent and 0.69 perceit, respectively. In respect of
the entitics in aggrepate, those shares stand ceimarkably low for their econoiic size at
respective of 0.03 percent and 0.02 percent, with 53.8 percent of the total 4,169,000
ton of wastes (i.e., 2,243,000 tons) being gencraled by the entities in the arca.

The results figured out thus far are summarized in Table H-92 and Table H-93 below.

Table H-92: Gross and Disposable Income by Beneficiary %
| Gross Income Disposable Income
Average Household {US$/year) 6,194 {or 516.2/month) 5,347 {or 445.6/month)
Entities in Aggregate (USS milfyear) 34,920 22,698
Enlities per Unit (US$ million/year) 0.105 0.068

* This “extraordinary” statistic appears in one of the schools and universities samples in GAM
Delegacion. The value seems Hikely to have shifled the weighed mean valuve of willingness of entities a
litle bit bigher, thus by being excluded in the succeeding processing of estimalion.

* Each of the WTP and ficas altributcd to factories, offices, markets, and schools are weighed by the
sample numbers that count respective of 20, 40, 40, and 40, combining to a total of 140 entities.
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Table H-93: Wﬁ3 and Aclual Money Transactions by Beneficiary

“Willingness to Pay (W1P) Actual Transactions
Share in Share in
Amourts | Disposabla income Amounts Disposable Income
{3) ()

Household per Unit (US$/year) 653 | 122 36.9 0.69
Household in Total (US$ millyear) 1/ 123.2 1.22 69.7 0.69
Entities in Total (USS millyeas) 2/ 7.6 0.03 5.0 0.02
Entities’ Bid Price (USS/ton) 34 0.014 22 0.009

1/ 1.9 milbon houssholds are assumed in OF, with the tolal population of 8.6 militon and 4.7
household members in average.

2/ Weighed Average. 2,243,000 tons of wastes generated from entittes per annum is
assumed.

With the foregoing in view, the weighed averages of tips and fincas revealed as WTP
and aclually paid in DF worked oul gespective of US$ 61.5 million and US$ 34.9
million per annum in gross term, while applying the waste amounts generated by each
of the benefictaries.

.2  Ewmpirical ¥WT'P — An Intuition of Mavrk-Up Expenses

It would be uscful to make some accepled measures of people’s ability 1o pay
available for reference herewith, In this conncction, international lending institutions
presumably assume, as a kind of mark-up expenditures, that the percentage share of
houschold disposable income for the service of solid wastc management remain
around 2 percent, in line with other major services, notably, water, sanitation
(drainage, sireet cleaning), urban transport being set at 4 pereent, 1 percent, and 3-8
percent, rcs;;)ecti\.'cl)f'3 S,

With this, the mark-up expenses for the houscholds and entities curcently in DIF are
estimated at USS 211.6 million and US$ 499.4 million per annum in gross (erim, and
USS 1114 and US$ 1,496 per annum per unit for the housecholds and catitics
currently in DF, respectively, Once weighed by wastes generated by cach of the
beneficiary catcgory, the average {(weighed average) WTP is ligured out at US$ 366.4
million in gross and US$ 856.2 per year per unit. Aggregates of revealed WP, actual
moncy (ransfer, and empirical WTP estimated from the sample slatistics in DF in
1998 are summarized in Table H-94 below.

Table H-94: Aggregates of Revealed WTP, Actual Money Transfer, and
Empiricat WTP in OF, 1998

All Beneficiaries in DF, 1998 Revealed WTP Transfer Er{:ﬁr;:a!
Weighed Average (US$ miflion) 61.5 34.9 366.4 |

d. Benefits Measured by Long-Run Marginal Cost (LRMC) Pricing

In order that the analysis provide financial sustainability directly corresponding to the
efficient allocation of scarcc resources in the sociely, the project benefits are
measurcd by way of cstimaling the Long-Run Marginal Cost pricing. Against the
financial back data conveying the project costs of cach of the project components, the

* Source: World Bank, fustitutionalization of Integrated Urban Development, 1994, p.9
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marginal costs (levelized annuity costs of construction and maintenance) of an
incremental and new units and faciities are estimated.

‘The summary of marginal costs associated with cach of the project components by
institutional framewark is shown in the following Table H-95.

Table H-95: LRMCs by Project Component and Institulional Framework

8P E-IV BP E-V Compost Total
- CRF | LRMC | CRF | LRMC | CRF | LRMC | CRF | LRMC §
Alternative ¥ | Case t | Case 1 ]0.33 74| 033 76| 0.28 461024 174
Alternative 2 | Case 1 | Case2 | 0.33 741 0.33 76| 028 16| 024 177
Allernative 3 | Case 2 [ Case1 | 0.33 6.2] 033 761 028 4610241 17.7

Alternative 4 | Case2 | Case2 | 0.33 6.2] 0.33 761 0.28 a6|024| 180
Note:  Case 1:  Internalized DGSU

Case 2: Constructed by DGSU and O/M on contraci-cut basis by the private sector

duration: 12 years, secial discount rate: 20%

CRF: Capital Recovery Faclor

LARMC:  Long-Run Marginal Cosls {US$ millionfyear)

Landfit | Compost

e. Financial Internal Rate of Return (FIRR) Awnalysis and Financial
Evaluation

Initiated by the outline vicw of the analytical framework and presumptions as
reflected above, the numerical resulls are given with the variation of “benefits”
considered. Subsequently, the sensitivity analysis will be carsicd out in a bid to

simulate the financial viability with changes in the major variables of the model. £
&
Against the background of mode! configuration and parameclers as reflected in Data
M, FIRR estimation was only possible when the benefits are counted by empirical
WTP, marginal cost pricing, and market price for composting. The outcomes arc
summarized in the Table H-96 down below.
Table H-96: FIRRs by Benefit Variation and Project Component
- Alternalive 1
unil: %
BP E-IV BP E-V Composting Qverall
WTP - Paid (i) Immeasurable 1/ | Immeasurable | NA 2/ Immeasurable |
WTP — Revealed (i) | Immeasurable Immeasurable | NA {mmeasurable
‘(‘?;)TP - Empirical | o 5 82.0 NA 675 3/
'MC Pricing (iv) 155 197 37.4 23.3
Market Price (v) NA NA 17.5 NA
Table H-97: FIRRs by Benefit Variation and Project Component %
— Alternative 2
unit: %
o BP E-IV BP E-V Composling Overall
WTP - Paid (j) Imimeasurable 1/ | Immeasurable NA 2/ Immeasurable
WTP — Revealed (i) Immeasurable immeasurable NA Immeasurable
z‘:)r P - Empirical 47.5 82.0 NA 675 3
MG Pricing (iv) 15.5 19.7 42.4 23.8
Market Price {v} NA NA 19.3 NA
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Table H-98: FIRRs by Benefit Variation and Project Component
— Alternative 3

unil: %
B BPEIN | BPEV | Composting Overall
WTP — Paid (i) Immeasurable 1/ | Inmeasurable [ NA 2/ Immeasurable
WTP — Revealed {ii) | lmmeasurable Immeasurable |NA | Immeasurable
WTP — Empirical {iii) | 58.2 71.7 NA 722 3
MC FPricing (iv) 1.6 224 42.4 26.4
Markel Price (v) NA NA 30.8 NA
Table H-99: FiRRRs by Benefit Variation and Project Component
— Alternative 4
unit: %
) BPEIV BP E-V Composting Overall
WTP - Paid (i) Immeasurable 1/ | Immeasurable NA 2/ Immeasurable
WTP - Revealed (i) 'mmeasurable Immeasurable NA Immeasurable
WTP — Empirical (i} 58.2 717 NA 722 3
MC Pricing (iv} 19.5 22.4 37.3 27.2
Market Price (v) NA NA 19.3 NA

i/ Immeasurable - FIRR is not mathematically calculaled due 10 extraordinary fow positive figures in
the net cash-flow stream.

2/ NA - By nalure of the allributes 10 the sub-components, FIRRs are nol appropriate in estimation
of financial sustainability.

3/ Excluding the composting sub-component

(} Considering money lransaction aclually tlaken place from beneficiary to collectors as benefit.
(i) Considering wﬁl!ingness to pay (WTP) cuirently revealed by people in the OF as henefit.
(i} Considering empincal WTP as benefit.
(v} Considering long-run marginal cost of service as benefit
(v} Obtaining benefit Irom the sale of compos! at 700 pesosfion.

As compared to a mark-up price level to pay for the seivice, both alternatives with
actual money {ransaction and revealed WTP as project benefils sequentially showed
off people’s affordability as well as financial sustainability with all the cost shares rest
far below the bottom-line. FIRRs could not be calculated due to extraordinary low
profiles of benefits-“revenue” allributable to the cases. With this, coupled with the
ever-increasing cosl of wasle disposal, DGSU would cacounter difficultics in the face
of financial vulnerability and fragility in sound management of the concerncd public
service in the days to come. The entire financial burden is, and will be into the future,
on the shoulder of the DGSU’s public unless any policy allernative is inifiated.

Summary nel cash-flow tables for the whole preject and by sub-projecis are shown in
Table H-100 as attached.
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Table H-100: Sumimary Financial Costs by Alternative

US$ million
Alternative 1
Aggrepate {nitial Iavestment Cost Table
" BPETAPATY 1 BPETAPAV | CompostFlaw |  AGGRIGATE
foreign Local Tofal ;Foreign local  Total Foreign Local  Total [Foreiga Local  Tota)
land Lease ! 023 023 0.0 010 033 03
Design&Supensision 035 049 084 003 030 03, G638 038] 038 117 155
Pilet project ; : ’
Civil& Construction 142 491 632 029 297 1325 000 002 o002} 251 789 960
Equipment 222 222 . 348 345] 050 348 570
Equipmeat Lease ' i
Tax and Dutics 0£0 054 334 005 035 04 061 039 100 116 128 235
Base Cost 4739 594 1072 038 38F 422 369 436 805 933 14M 229
Physical Conti 048 059 107. 004 038 042 037 044 680] 074 141 230
BaseCePhyConti | 527 651 3180 042 421 465 406 450  BSS| 505 1555 2529
Price Contingency 033 122 155 004 122 1260 041 164 205] 663 408 486
(bC o 058 155 213, 003 102 142 031 134 165 594 398 4.90]
Aggregate Cost 62 23 1B5 0S5 6.5 70 48 78 125 176 236 351
Agz Costexc.IDC 56 78 133, 05 55 5.9 4.5 64 109 117 196 302
Operation & Maintenance Investiment Cash Flow of the Project by Sub-Components -
C | BPETAPAIV 1 BPEIAPAY _ ' ComposiPhat |  AGOGREGATE _
Forcign Local  Tolal Foreign Local  Tolal :Forciga Bocal  Total [foreign Local  Total
1959 I :
2000 )
2000 [OD9 265 24 00% 265 24
2002 | 007 041 051 160 517 677 013 056 070] i8¢ 6318 798
2003 041 044; 155 50 6357 016 069 O085] L1 618 187
20041 007 041 051 153 459 647 0106 069 O055] 181 602 184
20053 009 242 251 061 001 0156 069 O85] 025 12 337
2006 | €16 242 2358 005 001 006 016 069 085]| 037 312 349
2007 041 041 29 331 627 016 069 OS85) 3312 444 756
003| 007 044 051 013 234 247 26F 069 320) 281 347 628
2009 00 223% 243 001 001 063 069 137) 077 304 1381
2010 016 215 230 005 001 005 016 069 085) 037 281 32
Total D8 142 150 19 208 287 44 6.1 10.5 131 410 543
Averall Cash Flow for the Froject
| BPETAPATV BPETAPAV  ComposiFlani | AGGREGATE _
Forgign Local  Totad [Foreign Local Tolal ‘Forcign Local ~ Tolal [Foreign Local “Total
1999 005 006 031 000 004 004 002 007 OO 003 017 022
2000 | 522 647 116% 002 008 0200 0003 021 0625 524 686 1210
2061 00% 265 234 03% 401 441 336 308 6di] 384 974 1359
20021 007 044 03} 160 507 677 082 128 Z10[ 249 6859 93§
2003 044 044 1535 303 657 016 141 157 17l 68 859
2004| 007 044 051 ¥58 4892 647 016 069 085 181 602 784
2005 | 009 242 251 001 001, 016 069 OS85 023 31z 337
20061 036 242 238 005 001 066 045 069 083 037 317 349
2007 044 044 29 331 627 016 069 085 312 444 7156
20681 007 044 051 013 23 247 261 069 332G 281 347 628
2009 003 231 243 001 001 068 069 137 077 304 3381
00| 016 215 230 005 001 005 015 069 085 037 281 320
Total 61 207 268 §3 250 333 85 109 193] 228 566 124
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Alterpathe 2
Ageicgate Initial Investment Cost Tatle
Aggregale Initiat lavestment Cost Table

BFETAPAIV  BPETAPAV. [ Compost Plant AGGRLGATE
Forcign Local  Tetal Foscign Local  Total iforeign Local  Totad |Poteign local  Tetal
Land [ ease 023 023 010 010 033 03
Designa& Supecvsision 035 049 084 003 030 033 036 036 0318 115 153
Pilot project 00 002 0420 000 002 002
Civil &Constyuction 142 491 632 0 . 29 105 345 34§ L0 1135 1365
Equipmenl 222 222 e L 144} 366 366
Fquipment Lease : 093 098 098 0958
Tax and Dulics 650 054 1314 006 035 9041, 029 049 075 r¥s 138 253
5:3 Bore Cosi 479 591 1022 033 383 422 LD 543 16l 650 1521 2210
uy Physical Conti 048 059 107 001 038 042 017 041 0621 069 142 211
BaseCaPhyConti | 527 633 1180 042 423 46s] 190 S87 77 7SS 1663 2421
Price Conlingency 033 127 155 004 122 126 01% 217 231 036 462 518
1DC 058 155 203 003 109 112 013 186 IS0 075 430 503
Aggcegate Cost 62 93 155 05 6.5 10 22 27 ns 89 255 344
Agg Cast exe.lDC $6 15 132 05 55 59 23 80 101 &1 212 294

Operation & Mainstenance Investment Cash Flow of the Project by Sub-Components
BP-ETAPA IV - BP-EFAPAY _ | Compost Flant AGGRUGATE

frowizn Cocal  Total Foreign local Tolat Foreign Local  Totl |Forcign Loval  Total

1999
2000 :
W0 | eer 265 2N ! 002 2565 2M
2000] 007 044 O5F 160 517 677 013 055 ev} 180 618 798
2003 044 041 155 503 657: 015 069 0851 171 616 787
2008 | 007 043 051 158 489 647 016 118 134| 18 655 B3
2005 | 009 242 251 001 001 Q16 118 1M| 025 361 386
2006| 016 242 258° 005 001 006 016 LIS 13| 037 361 3858
2007 043 044 295 33 627 016 L8 131] 392 493 86Gs
2008 | po7 044 o0s1 a3 234 247 131 18 249 L51 396 547
209 | 009 233 243 00 001 03 118 152| 043 353 398
2016 016 214 230 005 00F 006 016 LI8  pM| 037 333 370
_‘gx i Toradl 08 342 150 78 208 2287 28 95 123 115 415 559
X

Averall Cash Flow for the Projzal
BPETAPAIV | | BPETAPAV  CompostPhal | AGGREGAIE

Foreign Local ~ Totel Forcign Local  Total Forcign Local Telal [Foreign Local Total

B[ 005 006 011 000 004 003 000 005 006 005 015 02
2000 §22 647 1169 002 018 020 0002 020 020 524 635 1269
2001 009 265 274 039 401 541 152 298 450 200 965 1164
2002 007 044 051 160 5317 677 051 158 2391 218 749 967
2003 044 041 155 503 657 o016 200 217 171 741 9.8

2004 007 041 051 158 489 647 016 118 134 181 651 8.3SJ
2003 009 242 251 ¢oF GOl G166 118 134] 035 361 386
2006 015 242 258 005 001 006 GCI16 118 133f 037 361 398
2007 044 044 295 331 627 0156 118 134} 312 491 865
2008 007 041 051 033 234 247 131 1483 249 1S1 396 547
2009 009 234 243 001 00) 034 113 152] 043 353 19

2010 016 214 230 005 00 006 015 118 134 037 33} AW
Tolal 6.1 207 268 83 250 333 4.7 154 20| 170 611 501
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Alternative 3

Aggregate Initial lavestment Cast Table
Aggregate Initial Investment Cost Table

- BP-ETAPAIV BPETAPAY | CompostPlant ] AGGREGATE
T T T  Mpoteign Local | Tetal jForcign 1ocal  Total (Forcign Local  Total {Foreign Local  Tolal
Land Leass i 010 010 010 0.0
Design&Supe rvsision 0.1} 049 062: 013 043 062, 038 038] 01 13 162
Pilot Project i 000 002 000 002
Civil& Construction 142 49 & 32" 142 490 o132 343 343] 283 1328 161
Equipment H o7 3o 307 REIT)
Equipment Lease i )
Tax and Dutics 3/ 031 054 0.851; 03 051 085 061 040 101 ¥23 148 271
Base Cost 186 593 7.79. 186 591 179 36 437 06| 740 1623 2363
Physical Contt 019 0359 07 019 059 078 037 044 081] 0 162 235
BaseC +PhyConti J201 652 8S6 204 653 857 406 481 B84 &4 1786 2600
Piice Conlingency C.13 123 1358 019 183 207 o041 188 203 073 4795 548
1DC ¥ 022 155 172 015 168 181 031 135 165 06% 458 326
Apgregate Cosl 24 23 17 24 101 125 48 78 126 96 272 367
Apg Cost exc.iDC 122 12 99, 22 84  106] 45 64 109 89 226 315
Operziion & Maintenance lavestment Cash Flow of the Project by Sub-Componeats
BP-ETAPAIV 1 BPETAPAY |  CompostFlant | AGGREGATE
foreign Local  Total iForeign Local  Tolal [Foreign Locel  Tolal |Foreign Local — Tolal
1999
2000
2001 092 092 092 092
2002 o007 044 0515 15) 589 40 013 03556 07| v 650 86}
2003 044 041 146 575 721! 016 062 O85| 162 688 830
2008 007 044 0511 149 561 710 06 08 O85] 73 674 BAT
2005 272 22 024 024} 016 069 OB85] 016 365 381
2006 007 222 223) 005 021 029 016 €52 OS85] 028 315 343
2007 047 0411 054 403 457 016 069 O85) OW 516 586
2008} 007 044 051 005 305 310, 261 067 329 272 419 690
2009 306 106! 024 024] 068 0462 137)] 068 399 467
2010 007 286 293 005 024 029! 046 069 085| 028 339 407
Toall 04 140 144] 51 233 304 44 61 105] 99 454 552
Averali Cash Flow for the Project
—_DPETAFAIV | BPETAPAV T ComposiPlim |  AGGRLGATE
Foreign Local  Tolal Foreiga Local  Total  Foreign Local  Fotal [Foreign 1ocal  Tolal
1999 002 006 008 002 0066 003 0003 067 007 004 019 022
2000 202 650 8.531 0069 030 039, 000 028 0211 212 701 913
2001 092 092: 193 617 810, 336 309 645 539 1048 1547
20021 007 044 051 ‘ 151 589 740 082 128 210 240 762 1008
2003 044 044 146 575 721 016 t4l 157 162 160 922
2001 007 044 051 | 149 561 710, 016 0.69 0835 173 674 R4S
2005 272 024 024, 016 06% 0B85 016 365 381
2006 007 222 229 0065 02 029 0I6 069 0851 028 335 343
2007 044 044 054 403 457 0I6 069 085 070 516 385
2008 00?7 044 051 065 306 310 261 069 329 272 419 690
09| 306 306 024 021 068 069 131 088 399 467
20100 007 286 29), 005 0 029 016 069 085 028 376 404
Tolal 24 205 29 72 38 330 85 109 193] 180 632 §17
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Alternative 4

Agasegate Initia) Investment Cost Table

1 BFETAPAIV | "BPETAPAV |  CompostPlamt | | AGGRIGATE
Foreign local  Tota] (Foreign Bocal  Tolad |Foreign Local  Tetal {Foteign focat  Total
Tand Lease i P 010 010 010 010
Design& Supervsision 013 049 062, 013 049 0.62: 036 03¢] 026 13 160
Pilot Project : 000 002
Civil& Construction 142 490 632 142 490 632 348 348) 283 112% 1612
Fauipment ; s 1430 143 1.43
Equipment Lease : i 098
Tax and Duties 3/ 031 G511 085 031 054 085 029 049 08} 090 157 248
Base Cost 186 593 779, 186 593 779, 172 543 1a5) 343 1730 2273
Physical Conti 019 059 078 019 059 075, 0.7 041 061} 05t 163 217
BaseCtFiyConti 204 653 857, 204 653 857, 189 587 7.76] 597 1893 2490

Price Contingency
1eC 4/

e T

r

O 122 138 04% 188 207,
022 155 177 015 168 184,

oae 27 |

014 166 180

‘081 528 579
052 4589 54

Aggregate Cost

Age Cost exctDC

RN X BNY A ¥ S TN BN FX
22 17 99 22 B4 106

22 23 119
2.} 80 100

70 291 3641
65 M2 307

Operation & Maintenance Investment Cash Flow of the Project by Sub-Components

| BPEFAPAIV ;  BPETAPAY |  CompostPhnl | AGGREGATE
Foreign Local  Total ;Foreign Local  Total [Foreign local  Total |Fereign local  Total
1999 ! i
2000 ! !
2001 092 0921 : 0.13 092 092
2002 | 007 044 0517 ¥51 589 740 013 056 0| 174 6% 86l
2003 041 049: 46 575 721 016 G669 O085| 162 683 850
2004| 007 041 031: 3149 3561 710, 016 bI8 134 173 723 895
2005 2712 2720 024 €24 016 118 134| 016 414 430
2006 | 007 222 229: 005 024 029 016 LI8 134| 028 361 392
2007 041 041! 054 403 457 016 1Ii8 1334 185 565 635
2008 | 007 044 0515 005 305 3100 131 118 248 045 468 609
2009 06 A6 024 024! 034 118 152| 016 448 482
2000 007 286 293, 005 024 029 016 118 134} 028 428 456
Tolall 04 140 1440 5177253 304 28 95 123 83 488 570
Averall Cash Flow for the Project
- DPETAPATY | BPETAPAV _ Compou Pl | AGORLGATE _
Foieigh Local  Tota) Forciga focal  Total iForeign Local  Total [Foreign local  Totat
1995 | 0027 006 008, 002 006 008 000 006 006] 004 018 022
2000 202 647 849 009 010 l]..'i‘)t 000z 020 020 212 69 9208
2001 092 092 193 617 £10 151 293 449 357 1007 1351
2002 | 007 o044 o510 151 5B9 740 051 188 239 202 821 1039
2003 G44 G644 146 575 2210 016 200 207 162 319 982
2004 007 044 OS5I, 149 561 7160 016 1Li8 134 173 723 B89
2005 27 212 024 024 016 118 1M oI5 414 430
2006 007 2722 229 005 024 029 016 118 134 028 361 3%
2007 044 043 054 403 457 016 118 53] 185 565 635
2008 007 044 051 005 306 310, 1M 118 248] 046 468 609
2009 306 306 024 024: 034 118 152 016 448 482
2010 | 007 286 293 005 024 029 016 118 1.3} G628 428 456
“Teud] 24 205 339 727 318 390 47 54 200] 134 617 819
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H.7.6

H.7.6.1

Economic Evaluation

Proposition

Economic analysis of the prospective SWM investment project was undertaken while
using benefits and costs as measured in terms of scarcily of resources and allocalive
efficiency in the national cconomy as a whole. As regards the index in appraisal of
cconomic feasibility, Hconomic Net Present Value (ENPV) analysis has duly been
cartied out in a bid to compare with the breakeven point of zero (o reveal its
numcrical superiorily. In measurement of economic beaefits, the cost that would have
otherwise accrued unless the proposcd investment plan did take place (cost saved)
was uscd as proxy. In practice, the cost of the prospective investment plan for the new
final disposal site that needs to be established as sooncst. Fconomic cost was revatued
from the financial costs while excluding the incorporated imperfections duc to non-
compelitive pricing, exteinality of the economy, and fiscal distortions such as taxes
and duties levied on goods and services in the markets. Specifically, Standard
Conversion Factor (SCF) in use for the analysis was 0.95, while considering the low
tariff fates on the imports and subsidies on the exports, as well as those recently
applied in the investment projects in Mexico under the auspices of the World Bank.
Should the quantification of costs and benefits accrued be undertaken in terms of the
local currency, shadow cxchange rate would be considered to stray at around 1.05Y,

The baseline concepts, guidelines considered and the parameters applied in due
course of the analysis are extensively clucidated in Data M.

H.7.6.2 Findings

[conomic feasibility of the proposed investment plan as borne out by ENPV has been
estimated in line with the foregoing guiding principles and the operational parameters
as given below. To be noled that economic cvaluation for ENPV has only been
carfied out for the project component of final disposal sites (FDSs), notably, Etapa 1V
and V, because final disposal sitc(s) is certainly necessary whether intermcediate
processing exists or not.

a. Fconomic Benefit

The bencfit as replaced by the cost saved is assumed to be the unpaid cost othenvise
accrued to the construction of the new final disposal site that is (o be located in a far
distance than the existing ones. Although indicative, the prospective invesiment cost
is cavisaged 1o reach US$ 70 million™, with the scheduled disbursement of capital
investment consecutively taking place at 28.6 percent, 42.8 percent, and again 28.6
percent over the three years commencing in 1999, In the currency term, direct

7 As casily understood, shadaw exchange rate (SXR) is numerically expressed as an inverse of SCE.

* 1t is estimated that US$70 million of initial investment is nceded for construction of a new landfil at
Ixtapaluca thal was evaluated as a secondary prospective candidate site following BP-V in “Annex D
Comparative Evaluation of Candidate Sites for Final Disposal of Solid Waste,” About 35million lons
of waste are needed to be disposed of by 2010, The site at Ixtapaluca is located at a hillside and the
aquifer uader the site has good qualily of groundwater. Therefore, a bank 1o protect the wasic from
flowing out to the downstreany and leachate collectionftreatment system 1o peolect the groundwater
from being comtaminated are surely necessary when the new landfill is constructed. The study team
assumed the initial cost of such a landfill to be US$2 per ton of waste, i, 35 million tons of waste
mulfiplicd USS$2 cquals to US$70 million.
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benefits, therelore, is assumed to be USS 20.0 miltion, USS 30 million, and USS 20.0
million in the said initial investment period.

b. Economic Cost

The aggregate cconomic costs of initial investment accrucd to supply one additional
tonnage solid waste management and disposal in the forthcoming years tilt 2010 have
been figured out to be USS USS 21.9 million, USS 21.0 million, US$ 22.2 willion,
and US$S 20.8 million for the Alternatives 1,2,3,and 4, respectively. Of this, the
cconomic cosis of FDSs in use for the estimation of cconomic feasibility are
respective of 14.4 million and USS 14.1 miltion for the Alternatives 1,2 (Casc 1) and
the Alternatives 3,4 (Case 2), while accounting for around 65 perceat for both of the
cases. The econonic costs of operation and maintenance are also converted from the
financial to the cconomic cost, reflecting the true value of goods and services
cmployed in the project. These recurrent cconomic costs turned out to be US$ 52.1
mitlion, US$ 53.7 million, US$ 52.6 million, and USS$ 54.2 mitllion for Alternatives I,
2, 3, and 4, respectively.

In aggregate, the cconomic costs accrued to the project as a whole worked out
US$ 74.0 million, US$ 74.7 mitlion, USS 75.2 million, and US$ 76.6 million for the
Alternalives 1, 2, 3, and 4, respectively. Of this, the cconomic costs in concern for
economic feasibility study, vis-a-vis, Etapa 1V and Etapa V, rcached respective of
US$ 56.3 million and US$ 57.5 million for Case 1 and Case 2, while accounting for
around three quarters of the totat for both of the cases.

g} c. Economic Net Present Value (ENPY)

Economic Net Present Value (ENPV) was calculated on the basis of the new and the
incremental cost and benelit streams associated with the proposed investment outlays
over the period of maximum 3 years with the commencement in 1999, All the costs
are shadow priced, being adjusted to convert market prices to shadow prices
expressed in terms of border currency ‘unit (US dollar).

With the mecthodology and the numerical assumplions as noted immediately above,
ENPV on the FDS component was readily estimated at respective of US$ 26.2 million
and US$ 26.5 million as per 1998 price level for the Alternatives 1,2 (Case 1) and
Alternatives 3,4 {Case 2), with the social discount rate of 20 percent over the 12 years
of projcct duration. With this, the overall performance of the project in terms of
allocative cfficiency in the economy proved to be preferable, and substantially
feasible.

The work outcomes as readily eslimated above are summarized in Table H-103
below. Detailed cost breakdown of the capital investment and recurrent costs for the

@ Alternatives arc in Table H-101 as altached. Further, summary net cash-flow tables
for FDSs in aggregate and by component are shown in Table H-102.
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Table H-101: Summary Economic Costs

US$ million
Alternative
Aggregate Economic Costs of Initial [nvestment
BPETAFANV | BPETAPAYV | Compou¥ln ] AGGREGATE =
Foteign {ocal  Total | Foreign  Local  Total | Foreign  Local  Total ] Foreiga  Locsl  Tolal
L2nd Lease 022 0.22 0.09 oy on 0N
Designd Supervsisico 033 047 082 0.03 0129 031 033 033 033 1.13 151
Pilot project .
Civil&Construction 1.42 466 507 [Lleay kAL 342 000 0.2 o0 251 150 251
Equipment 22 R i 11 222 k] 555 -
Equipment Lease )
Tax and Erties 3/ B
Base Cost .99 5.2 .11 0.32 X2 3.95 3 a8 659, 7.713 1258 19.95
Physical Cooti 040 051 031 003 0.35 0.40 031 013 0.69 034 126 1.90
_ BaseCPyConti 439 SE 1002, 035 400 435] 33 420 757 37} 1383 2195
Price Contingency T
IDCU e i e —— ——————— e . - e - e —
AggiegateCodt . {44 56___ 100 03 40 43 34 42 i6 37 138 N9

Operation & Maintenance favestment Cash Flow of the Project by Suh-Comporenis (Base Cost)
BP-ETAPASY T BPETAFAV Compost Plant T TAGGREGAIE
Forzign  Local  Totsd [ Foreign  Local Totst | Foreign  Eocal  TFolat | Foreign  local  Total

199

2000

2001 009 252 261 009 252 261
2002 007 D42 049, L&D 491 651 013 05§ 067 180 587 767
2003 042  042] 1S5 473 631 016 065 082 171 585 756
2008 007 D42 049 1S3 465 6230 046 065 08y 181 ST 754
2005 609 230 239 0 001 O016 065 08Y 025 286 3N
2006 016 230 245, 005 ODL 006 016 065 08y 037 286 3M
2007 042 042] 29 315 610, 016 065 082 352 422 M
2008 007 042 04%, D13 222 235 261 065 3| 281 329 610
2009 00 222 231 001  001] 068 065 133 077 283 366
2010 016 203 219 065 0O 006 OF6 065 082 037 270 307
Total 08 135 14} 729 157 26! 44 58 102 13 /0 s

Averatl Cash How for the Profect (Inilnv-BC+PhyC, OM-Base)
.. BPETAPALY ~~ ~~ BPETAPAY = |~ CompostPlamt AGGREGATE
Foreign  Local  Tolal | Foreign  Tocal  Total | Fereign  Local  Tolal | Fordign  Local  Total
1599 005 005 o.mi 603 003 004 0002 066 006] 004 045 01%
2000 435 558 9293 002 017 G19 0002 018 015 437 594 1031
2001 0o 252 2,61| 033 380 4130 280 26 550] 322 901 1223
2002 007 042 049 160 491 6511  om 116 187 237 650  BE?

2003 0.42 042 1.55 478 6.32 0.16 128 145 L7 6.48 819
2004 007 0.42 0'491 1.58 4.65 623 0.16 065 0.52 181 572 7.54
2065 609 230 238 0.01 0.01 0.16 0.65 Q.82 0325 296 3

2006 G.16 2.30 2.461 065 0.01 005 0.16 0565 0.82 637 256 R X)
2067 0.42 0.42; 256 315 6.10 0.16 0465 082 an 422 7.
2008 007 D42 049 0.13 222 235 261 0.65 316 251 329 6.10
2009 009 222 2,311 0.61 0.0} 068 065 1.34 031 . 259 3.65
2010 0.16 203 219 0.05 016 0.65 0.52 037 270 3w

Toidd | 52191 243 (320, 38 100 i8] 317 3508 AN

H-174



The Stuedy on Sotid Waste Managemeat JICA
of Mexico City in the United Mexican Staies KOKUSAI KOGYO GO, LTD.

Alteraatire 2
Aggregate Initial Investment Cost Table

~BPETAPAIV | BPETAPANY | CompodPlant | AGGREGATE
- Foreign Loczl  Total | Foreign  Local  Total | Foreign focal — Total | Foreiga  Lecal  Total
Land Lease 022 022 [ 1] 009 0314 0.31
Design& Supervsisio 033 049 0.84 0.03 0.28 L1 X1 ] 0.34 034 0313 112 1.50
Pitot projact a0 002 Q.02 0.00 0.0z [1K1 24
Civil&Construction 1.42 481 632 0.29 2.82 an 3.30 kR 170 1no} 12.73
Fouipment 222 222 144 1.4% 3.66 2566
Equipmert Lease 093 093 0.93 [AR1X]
Tax and Duties 3!
Basz Cost 359 540 9.39i 032 332 EXE ) 1.44 469 5613 5.7 13.40 19.15
Physical Conti 0.40 0.54 0.94 .03 0.33 IJ.BJSL C.t4 0.37 0.52 057 125 182
BaseCaPhyCooti | 439 581 1032 035 365 400 1SS 506 668 632 1465 2097
Price Contingency
ocer | i A S .
Aggregate Cost 44 59 103 0.3 11 40, 16 31 &8 63 147 71D

Operation & Mainterance Investment Cash Flow of the Project by Sub-Components (Base Cost)

~_BPETAPALY — BPETAPAY | CompowPhni | _AGGRIGATE

Foreign  Loca)  Total | Foreign Lecal  Tolal | Foreign  tocal  Total | Foreiga  Local — Totsl
1599
2000
2001 009 252 261 0.9 2.52 28
2002 0.07 0.42 0.49| 1.50 491 6.51 013 0.54 0.67 1.50 557 1.67
2003 042 0.421 1.55 4.78 6.2 0.16 0.65 082 LA 585 .58
2004 LX) 042 0.49: 1.58 4.65 623 016 112 128 1.81 519 8.00
2005 0.0 230 239" 001 001 316 112 1.28 025 343 3468
2006 0.16 230 246, 0.05 001 0.05 016 112 1.28 0.37 343 380
2007 042 0.42| 255 115 510 016 112 .28 a1z 4.69 1.81
2003 0.0 042 0.49i 033 222 235 131 112 243 151 376 521
2009 LY 222 211 [ 0.01 0.01 034 1.42 .46 0.43 3.35 378
om0l 016 203 2190 005 001 006l 015 i12 28] 037 316 353
Total 08 135 14.3{,_ 1.9 127 216 28 9.0 118 115 42.2 531

Averall Cash Flow for the Pioject {Inilrv-BC+PhyC, OM-Base)

___BRETAPAW |  BPETAPAV | CompostPlast AGGREGATE
| Fotciga  locat  Tolal | Foreign  local  Total | Foreign  Local  Total J Foreiga local  Total
% 1959 0.04 0.05 005 0003 o3 003] 0002 005 0.05 0.0 0.14 018

2000 435 588 1023 002 016 017 0002 017 037 437 621 10.58
200 009 2.52 2,61| 033 147 99 1.27 2.57 384 1.68 855 1024
2002 007 0.42 049 1.60 491 6.51 0.45 1.67 212 2.2 7.00 %12

2001 042 042 i55 473 632 0.16 1.73 1.%5 1N 593 B.70
2004 097 042 0.—19( 1.58 465 623 016 1.42 1.28 1.81 619 B.00
2005 409 2.3 2.39| o0l 001 [+X [ 1.12 1.28 0.25 343 3468
2006 016 230 2‘46‘ 005 001 0.056 016 1.12 1.28 0.37 343 38D
2007 042 042 2.9 315 610 0.16 1.12 1.28 312 4.69 7.81
2008 LuXiy) 042 0.4%, 0.13 222 2.35 L3 1.12 243 .51 376 5.27
2009 009 222 231 001 001 0.4 1.12 1.46 0.43 338 378
2010 | 016 203 209, 005 001 006l 016 112 12| 0¥ 316 353
Total 52 124 24.6; 82 234 11.6 43 141 184 17.8 56.9 T4.7
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AMernative 3
Agpzregate inital Invewment Cost Table

__BPEFAPAW 1 BPETAPAY | CompostPlamt | AGGREGAIE
Foreign  Locet  Totsl | Foreign  Local  Total | Foreign  Local  Total | Foteiga  Bocal  Total

203 Lease T 00 00y 008 009
Design& Supervsisio 013 0.47 0.60 013 047 0.60, 0.36 0.36 0.26 1.2% L.55
Pilot Praject ! © om0 002 oo ooe op2  om2
Civil& Construclion 142 465 607, 142 485 607, 330 33| 283 1262 1545
Equipment : Y Y 3o 307 m
Fquipment Lease : |
Taxand Duties 3/ i i .
Base Cost 155 512 681, 185 513 667, 307 377 6| 617 1402 2049
Physical Corti 015 051 067 013 05! 087, 03 03F  06Sf] 062 140 202 AT
BaseCaPhyConti | 170 563 1M 10 561 134 33 415 78] 678 1542 2220 %
Price Conlingency :

Aggrepaic Cost 17 56 - 13 12 86 7al 34 32 15 6% 154 222

Operation & Maiatenance Lavestment Cash Flow of ke Pigject by Sub-Components (Base Cost)

T BPETAPAIV | BPETAPAV  CompostPlant | AGGREGATE __

Foreign  Local  Totzl | Foicign Local  Total ; Foreige local  Totat | Foreign  Local  Total
1959 ! :
2900 i
200k 087 087 ' 087 087
2002 0.07 0.42 0.4% 151 5.60 210, 013 054 067 L7 633 826
O3 042 042 1456 5.45 692 016 065 082 162 653 g6
2 007 042 D43 1.9 533 682 016 065 082 1.7} 641 LAt
2003 258 238 023 0.23 0.6 065 082 0.i6 347 163
206 0067 n 218 0.05 023 027, 016 065 0.82 028 299 w2
2007 0.42 042 054 183 437. 016 065 082 0.7 41950 561
HE3 00?7 0.42 049 005 2.9 29 14 065 326 am 393 6.70
2009 291 291 023 023 063 0465 1.3 068 N 147
wo| oo 2m 2w o0ss 023 027 016 065 08 028 36 183
Totz) 04 133 137, 31 2490 9.2 44 58 10:2 9.9 21 330

Averall Cash Flow for the Project (Tnilav-BCe PhyC, O'M-Base)

_ _BPETAPAIY  ©  BPETAPAV | CompostPlamt | AGGREGATE

Foreign  Mocal  Tetal § Ferdign  Local | Total © Foreign  Locel  Totel |Foreign  Local — Tetal gm

159 00y 00z 083 0016 043 067 0002 066 006 003 0N GdS i
2000 169 562 730 063 026 03 002 018 018 197 &06 782
2001 081 087, 161 333 69% 28} 267 543|441 887 1338
2002 07 942 043 1SF 560 710 om 116 188 229 737 945
2003 042 042 146 546 692 Q16 127 144 162 715 878
2004 007 042 042 149 533 6% 016 085 053] 173 641 BU4
2005 258 238 023 023 Oi6 085 082 016 147 383
2006 on? 211 218 6O 023 027 Ol6 085 082 028 299 327
2007 042 042 054 383 43 Q06 065 082 070 499 561
1008 007 042 045 005 2950 255, 161 065 326 272 388 670
2009 291 201 D3 ©23 068 055  L3s| 065 379 447
_2010 067 272 2719, 0BS5S 02} 02k 016 065 ORI 028 340 IS
Total 21 189 o 68 291 365 78 99 177 16.7 s B2

@
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Alteraative 4
Aggregate Inifial Bvestment Cosy Table

BP ETAPA WY 1 BPETAPAV 7 7 Compost Phant AGGREGATE

- ) Foreign  bocal [ Foreign Bocal  Total | Forcign  Locat  Toiat | Forign  loval  Total
1.and Lease . 0.0% 005 036 055
Design&Supervsisio 01 165 . 013 LET 0860 034 oM 026 A7 373
Pilot Project 00 0.02 0.02 0.0 0.02 0.02
Chvil& Construction 142 1.4 142 4.66 617 330 330 283 19 103y
Equipment ‘ 1.43 143 143 143
Equipment Lease , 093
Tax and Duties 3/ .
Base Cout 1.33 166 621 155 513 667 143 169 612 432 4T 1300
Physical Conti 0.13 0351 087, 013 @53 067 DAY oM 052 045 140 185

BaseCaPhyConti 170 517 687, L0 S8 734 157 306 66t] 498 1387 2085
Price Contingency T

Aggeegste Cost ©7 3.2 69 58 (&) 15 51 66 3D 159 20§

Operaiion & Maintenance fnvestment Cash Flow of the Project by Sub-Components (Base Cost)

~ TBEETAPAIV CBP-ETAFAY CompouPlant | AGGREGATE
Foteign Local  Tolal - Toreign Local  Total  Foreign  focsl  Tolat | Foreign  loczl Total
1953 ; -
2000 ‘
2001 087 087 087 087
2002 007 042 049 151 560 A0 013 051 067 174 655 829
2003 042 042 146 346 692 016 065  OR 162 633 846
2001 007 042 049 149 313 682 016 142 L) L1 687 880
P 258 238 023 02 016 12 18] 06 393 410
2006 UGO7 23 218 003 023 @27 016 112 128] 028 148 3
2007 042 042 03 38} 437 016 12w 18 331 7R
2008 207 042 049 003 290 295 131 RBIZ 243 143 441 587
009 29 281 023 023 034 112 1460 018 425 459
00| 007 272 27 005 023 027 015 12 128 023 407 435
Fotzl 04 1iY  1i7 31 Ho 192 28 9.0 1LE] 325 " 464 883

Averatl Cash Flow for the Project (Inilnv-BCPhy C, O M-Base)

~ BPLTAPATY " BPETAPAV_  CompodPlamt | AGOREGATE
Foreign  Local  Total . Foreign  Local  Total  Foreign  local Total | Foreign  Local = Total |

[ 1999 G.01 0.05 006 0016 663 007, 0002 0.05 o3 003 a3 018
2000 169 512 681 0 026 033 0002 017 017 1737 535 732

2001 087 057, 1.61 313 594 1.26 2.57 2383 3 377 1164
2002 0.07 0.42 049 1.51 3.60 7.10 41 167 212 206 769 73
2003 0.42 0.42 1.45 345 692 0.16 179 1.93 162 157 929
2004 007 0.42 049, 1.49 33 6.82 L1313 LIR P4 1.25 1.73 687 860
2003 238 258 023 023 0.i6 112 128 016 193 4.10
2006 LILIT) 21t 218 005 023 027 0.16 112 123 023 145 mn
2007 042 0.42 0354 183 431 016 112 123 §43 532 .22
2003 00?7 0.12 042, 005 290 293 13 112 2.4} 0.46 .44 587
2009 191 251 D23 (LX) o 112 1.45 0.16 4125 13%

wo | e 172 279 005 023 02 016 112 128 028 407 4%
Totat 20185 366 63 97 363 337 14 84 144 " sr2 6
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Table H-102: Summary Net Cash-Flow for ENPV

US54 million
ARernstive § & 2 (Case 1) T
Averall Cash Flew fod the Projedt (1nilav-BC4PhyC, O M -Base)
_BPETAPAIY 1 BPETAPAY _ | Aggemic
- Foreign Locat Tota} Foreign Local Tota! Forcign Locat Total
R 004 003 009, 0004 o '&],0-‘&i 0 nes 0.1)
200 433 3.58 9.83, 0.02 0 G.I9‘ 431 573 1042
2001 009 252 2 6]; 03 180 4.3 0.4} 632 673
02 0.07 042 ild?l 160 451 651! 167 533 100
03 o0 0.42 0.42i 133 478 6.32; 155 520 6.74
N 0.07 0.42 0.49, 158 465 623 1.65 5407 6.12 %‘
05 0os 2w 239 ot ool 0w 23 240 A1
K06 016 2 2.46; 00k 0.06, o 231 251
207 0.09 Q.42 U.L’; 215 8. l()r 2.96 357 652
208 0.07 0.42 Uﬂi 222 238, 0.2 268 284
bl o0 232 ZJIi 001 ODIE 0.0% 223 232
o0 | &t6 203 219, 065 001 006l _ 0 204 235
Tota? 5.2 121 43 237 110, 134 428 563
ENPV= 26.2 USS miltica
Alerrative 3 & 4 {Cass 2}
Averal] Casb Flow for the Project (Inilav BC+PhyC, O.M Basc)
___ BPETAFAIKY 1 BRETAPAY ) Aggegate . Net
Fortiga Lecal Tetal Fouelgn Local Total Forcign Eocal Tolal Beaclit | Cash-Flow
1999 0461 002 003 0.016 6.03 0407, 043 0.07 010 20,00, 19.90
2000 169 562 7 30: 008 0.25 : 1.76 587 .64 32.00 2235
pitn]] 000 087 OB?‘: 16t 53 161 6.20 1.81 20,00 1219
202 007 042 (!,19' 1.5% 3.60 1358 602 7.60 -1.60)
2103 0.0 042 242 1.46 5.45 1.46 583 .31 -1.34]
2004 0067 0.42 0.&9; 149 533 1.56 5795 7.3 -1
2005 000 258 258 c00 on 0.0 2481 2.83 -2 81
2006 07 21l 218, 005 623 on 234 2.45 -2.45
2007 oW 042 . IZ; 054 1R3 054 423 479 475
2008 00F 0.42 0#9! 0.05 290 0.2 332 kXL -3.44
2009 om0 191 291!' .00 613 .00 313 313 -3.13
20 { o eer 22 2, 0o oa o2 esr 20 ol | a0
Teta! 21 1%9 206 68 29.7 89 486 513 no
ENPV= 265 USS millien

Table H-103: Summary of Economic Feasibility by Components and
Measurementl Indices

FDSs
Case 1 Case 2
ENPV (USS$ million) 26.2 26.5

H.7.7 Total Evaluation

As a total evaluation, it was concluded that the implementation of the priority projects
were feasible in technical, inslitutional, social, environmental, financial and
economical aspects,
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