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The Republic of Cuba is an archipelago nation in the
Caribbean made up of the island of Cuba, the Island
of Youth, and 1,600 smaller islands and keys (World
Health Organization, 2014). Currently, its popula-
tion is approximately 11,225,314 people (Country
Meters, 2015). Havana, the capital, has a population
of around 2,163,824 (World Population Review-
WPR, 2015). Nowadays, Cuba is strongly dependent
on external financial assistance after many years of
Communism and limited economic growth
(Hofmann, 2004). The poor economic situation has
further aggravated the social and environmental

structure of Cuba.

Recently, the scope of Cuba’s poverty and the poor
sanitation of the island have attracted world atten-
tion. International authorities and researchers have
identified the lack of wastewater collection and treat-
ment as a major public health concern since malfunc-
tioning or non-existent systems can facilitate the dis-

The lack of

appropriate sanitary infrastructure has caused dam-

semination of infectious diseases.
age to marine, brackish and freshwater environments
and to fisheries (Wright, 2014). This also contributes
towards the spread of disease such as hepatitis A, di-
arrhea, and leptospirosis, which are common water-
borne diseases in Cuba (Navy Medicine, 2010).

The importance of wastewater systems to a city’s
public health and well-being is unquestionable. For
this reason, a qualitative analysis of the wastewater
treatment systems in Havana was conducted. The
purpose of this study is to discuss the wastewater in-
frastructure of Havana and propose cost-effective im-
provements which could control transmission of dis-
ease and negative ecological impacts. Our study was
limited by the lack of available information regarding
the wastewater infrastructure of Havana. To get in-
formation about this system, four of Havana’s and
two of Havana Province’s Wastewater Treatment
Plants (WWTPs) were observed via satellite imagery
Google Earth Pro and compared to images from pre-
vious years in order to determine if any changes
could be identified visually. The satellite showed us
positive improvements in some WWTPs as well as
some negative changes over time.

CURRENT WASTEWATER
INFRASTRUCTURE IN CUBA

The Cuban sanitary system is basically comprised of
public wastewater collection systems, septic tanks
and latrines (PAHO, 2000). However, most of the
current sewer system was built 50 or more years ago,
and it has not been well maintained throughout its
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service life (Cueto and De Leon, 2010). For this rea-
son, Cuba has faced wastewater contamination of its
waterways, and a high percentage of its population
does not have access to a wastewater collection net-
work system.

Wastewater treatment in Cuba does not quite reach
the entire population. In 2005, approximately 95%
of the total Cuban population was serviced by some
kind of wastewater system, but not all systems were
working satisfactorily. Of the population serviced by
wastewater systems, 56% was serviced by sanitary la-
trines and/or septic tanks, 38% was serviced by col-
lection network systems and 6% was without service.
Of these percentages, only 8% of the rural popula-
tion was serviced by a sanitary sewage system, 76%
was serviced by septic tanks and latrines, and 16%
was without service (PAHO, 2000).

One of the most common forms of wastewater treat-
ment in Cuba is stabilization lagoons, which are fa-
cilities designed and built for the treatment of do-
mestic and industrial liquid waste. In Cuba, these
lagoons can be anaerobic, facultative and aerobic
(Cubagua, 2007). However, conventional WWTDPs
are still the best alternatives for treating wastewater in
highly urban areas where land is not readily available
for lagoons. According to Cueto and DeLeon
(2010), there is evidence of at least 11 WWTPs with-
in Havana and Havana Province. However, only
18.9% of the volume collected is treated (PAHO,
2000). This situation explains the pollution of Cu-
ba’s waterways and the subsequent health and envi-
ronmental problems faced by the population.

CURRENT WASTEWATER TREATMENT IN
THE CITY OF HAVANA

The capital Havana is the city for which there is the
largest amount of available information regarding its
wastewater systems. Havana’s wastewater system can
be separated into two components: collection net-
works and treatment plants. Currently, there are five
wastewater collection networks that consist of 1,570
km of sewer lines which service 55% of Havana’s
population (Alonso Herndndez and Mon, 1996).
These wastewater collection networks are Sistema
Central, Maria del Carmen, Cotorro, Cuenca Baja
Rio Almendares, and Alamar. Only the first three
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systems will be described in this study as well as Pu-
entes Grandes, which is a wastewater collection net-
work still under construction. Not much is known
about the wastewater collection networks known as
Cuenca Baja Rio Almendares and Alamar.

There are eight WWTPs within the city of Havana,
which are Marfa del Carmen, Sistema Central, Solar
Aquatic System (Pilot Project), El Pitirre (Cotorro),
Lower Luyand, Upper Luyand, Martin Pérez and
Luyané 3. One plant, Puentes Grandes, was planned
but never constructed. Two others, making a total of
11 WWTPs, are Quibt and Bejucal; are outside the
City of Havana but within Havana Province (see Ta-

ble 1).

There are two networks connected to wastewater
treatment plants, namely Sistema Central and Maria
del Carmen. Sistema Central has a length of 1,130
km, and it is the largest wastewater network in Cuba.
The effluent from the network is discharged through
an ocean outfall located 150 m offshore at Playa del
Chivo. It services 945,000 people, though it was
built to service only 600,000. It contains lines that
were constructed nearly 100 years ago and are in
need of repair and upgrades (Alonso Herndndez and
Mon, 1996). Wastewater is collected on the west side
of Havana Bay and is treated via preliminary process-
es through coarse screens and grit removal (Figure 1).
The effluent from this preliminarily treated wastewa-
ter flows via by gravity through a 2 m diameter, 400
m long pipe to the Casablanca pump station located
on the eastern side of the bay. To remove accumulat-
ed sludge and sediment, the eastern half of the pipe is
split in two which then allows the redirection of the
flow to only the bottom half of the pipe creating ex-
tra velocity and shear to remove accumulated sedi-
ment and sludge.

Maria del Carmen is the other network connected to
a wastewater treatment plant in Havana. The
WWTP was constructed over 50 years ago, and its
effluent is discharged to the Almendares River. The
collectors are operating below capacity due to the
lack of wastewater collection lines upstream. The
Cotorro (El Pitirre) and Puentes Grandes wastewater
collection networks discharge untreated wastewater
directly into the nearest water body.
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Table 1. Information on Eleven WWTPs within or near the City of Havana

Location Plant Name Administration Wastewater Collection Network
City of Havana ~ Marfa Del Carmen Sur (OPEC) Yes

City of Havana  Sistema Central City of Havana Yes

City of Havana  Solar Aquatic System  Pilot Project Unknown

City of Havana El Pitirre (Cotorro) OPEC

City of Havana Puentes Grandes OPEC (Not constructed)
City of Havana ~ Lower Luyané UNDP

City of Havana ~ Upper Luyané UNDP

City of Havana ~ Martin Pérez UNDP

City of Havana ~ Luyané 3 UNDP

Havana Province  Quibt Aguas de La Habana
Havana Province  Bejucal La Habana

Yes, but not connected to plant.

Pipes are not fully integrated and plant has not been constructed.
Unknown

Unknown

Unknown

Unknown

Unknown

Unknown

Source: Based on information presented in Tables 8 and 9 (Cueto and DeLeon 2010, pp. 10 and 14).

Figure 1. Location of the Sistema Central Treatment System and Pump Station
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Source: Google Earth Pro.
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Cuba was granted a loan from the Organization of
the Petroleum Exporting Countries (OPEC) for up-
grading Marfa del Carmen, El Pitirre and Puentes
Grandes WWTPs. The El Pitirre WWTP was never
integrated with its wastewater collection network and
the Puentes Grandes WW TP was never constructed.
The El Pitirre WWTP (Figure 2) was to service the
wastewater collection for the City of Cotorro. How-
ever, the wastewater from Cotorro has never reached
the El Pitirre site. This is due to the non-operating
San Pedro pumping station (Alonso Herndndez and
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Mon, 1996). From Cotorro, the collected wastewater
is conveyed to this pumping station, where it should
be pumped up to El Pitirre WWTP (Artiles Egiies
and Gutiérrez Diaz, 1997). However, due to a miss-
ing electrical panel, the sewage from Cotorro is dis-
charged to the nearest waterways, which are the up-
stream reaches of the Almendares River watershed,
thereby impacting the river system and ultimately the
Vento aquifer, the main drinking water supply for
the City of Havana (Olivares-Rieumont et al.,
2005).
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Table 2. Coordinates of the Eight Better-Known WWTPs (Six of These with Visible
Treatment Works)
WWTPs COORDINATES

Marifa del Carmen

Sistema Central Casablanca Pump Station

Wastewater collection preliminary treatment site

El Pitirre

Puentes Grandes (not constructed)
Lower Luyané

Upper Luyané

Quibt

Bejucal

23°02'21.22"N
23°8'34.37"N

23°8'26.43"N

23°04'09.08"N
23°06'03.44"N
23°07'13.84"N
23°06'38.91"N
23°05'02.19"N
22°55'44.07"N

82°24'26.11"W
82°20'42.68"W
82°20'53.85"W
82°16'58.83"W
82°23'48.14"W
82°20'50.13"W
82°21'09.22"W
82°26'24.28"W
82°23'50.48"W

The Puentes Grandes network is also very important,
but the main trunk line and the WWTP planned to
service it have been postponed due to funding limita-
tions. The planned site for the Puentes Grandes
WWTP was a large green area between the Ciudad
Deportiva and the Papelera de Puentes Grandes (see
coordinates in Table 2).

There are two wastewater treatment plants, Sistema
Central and Marfa del Carmen, within the City of
Havana (Figure 2). Sistema Central is serviced by the
biggest collection network, and the treatment of the
wastewater is limited to some grit collection and
course screening process (preliminary treatment).
Maria del Carmen WWTP is servicing people with
primary and secondary treatment, but it is in need of
complete rehabilitation (Alonso Herndndez and
Mon, 1996). Secondary treatment is accomplished
by trickling filters with rock media.

The Solar Aquatic System plant (see Table 1) is an
unconventional system and a small operational pilot
wastewater treatment facility located in the region of
the Almendares River. According to Garcia-Armisen
et al. (2008), it was built to treat the effluent of 5,000
inhabitants, but its exact location is unknown and
little is known about its wastewater collection net-
work. This plant was found in this study to be work-
ing efficiently.

Furthermore, the Cuban government with the Unit-
ed Nations Development Program (UNDP) is devel-
oping another sanitation plan to improve the sanitary
infrastructure around Havana Bay. The government
has constructed four new WWTPs which are called
Upper Luyand, Lower Luyand, and Luyané 3, which
are located along Luyané River, as well as the Martin

Pérez plant located on another tributary to Havana
Bay, the Martin Pérez River (Cueto and Deleon,
2010). The first two, whose locations are known, will
be evaluated in the next section, while the last two
will not be due the lack of available information at
this time.

CHANGE IN HAVANA’S WWTPs OVER TIME
Six WWTPs were observed via satellite imagery using
Google Earth Pro and compared to images from pre-
vious years in order to determine if any changes
could be discerned visually. It is known that there are
more WWTPs in the capital city, but here we will
discuss only some of them because there is little or no
information on the others. Four of the six WWTDPs
that were identified are located within the City of
Havana. These are Maria del Carmen, El Pitirre, and
two on the Luyané River (Figure 2), which are re-
ferred to by Cueto and De Leon (2010) as Lower
Luyané and Upper Luyané. The additional two are
located within the province of Havana in the munic-
ipalities of Bejucal and Quibti and so named for their
location (Figure 2). The coordinates of each one of
the WWTPs described in this paper are shown in Ta-
ble 2. Coordinates for the remaining three plants list-
ed in Table 1 were not available.

The most recent imagery of the Maria del Carmen
WWTP was taken on July 31, 2015. The earliest im-
agery available with a clear picture is from August 11,
2002 (Figure 3). The images show six circular tanks.
It is speculated that all six are trickling filters due to
the cross-arms observed which spread the influent at
the top of the media. However, some may also be set-
tling tanks, also known as clarifiers. The small square

tanks highlighted by smaller red and blue identifiers
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Figure 2. Wastewater Treatment Plants and Some Waterways within the City of Havana and

Havana Province
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Source: Modified from the shape files available at the Global Administrative Areas and MapCruzin websites. Aerials for Sistema Central are not shown
because its treatment works are located underground. Aerials for Puentes Grandes WWTP are not shown as construction for this site was not initiated.
The locations of the Solar Aquatic System, Luyané 3, and Martin Pérez plants are unknown.

may be clarifiers. The white areas to the right of the
images appear to be sludge drying beds. In 2002
none of the six circular units appeared to be in ser-
vice. In 2006 and as recently as in the 2015 image,
three out of the six units appeared to be back in ser-
vice. The small square one seemed to be partially
functioning during 2002 and fully operating during
2015. Maintenance seems to have been performed
between 2002 and 2006, but not enough to bring
Maria del Carmen to its full capacity.

El Pitirre is the WWTP that was to receive wastewa-
ter from Cotorro via a pump station. The circular
area appears to be set for a trickling filter or a clarifi-
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er. The area to the right appears to have been cleared
for sludge drying beds. The most recent satellite im-
agery is from June 28, 2015, while the earliest satel-
lite imagery is from July 2, 2001 (Figure 4). It seems
from the latest image that this plant is under con-
struction and non-operational. Visually, in the four-
teen years of available satellite imagery it seems that
essentially nothing has changed in terms of construc-

tion or performing maintenance.

Lower Luyané is one of three plants being operated
in collaboration with the UNDP to help improve
water quality in Havana Bay. Four images were com-

pared from 2001, 2006, 2009, and 2014 (Figure 5).



Figure 3. Maria del Carmen WWTP
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Source: Google Earth Imagery.

tanks may be clarifiers.

Note: The red circles represent nonoperational trickling filters or clarifiers, and the blue identifier represents the operational ones. The small square

Figure 4. El Pitirre WWTP

Im Date: 7,
Source: Google Earth Imagery.

Note: The red identifiers represent a nonoperational trickling filter.

Construction began recently enough for various stag-
es to be captured by Google Earth. On January 13,
2001, the site of the WWTP was empty except for
what appears to be storage sheds. By March 11,
20006, excavation had begun and the WWTP con-

struction was underway. By September 1, 2009, the
WWTP was operational, as identified by water in
both circular clarifiers. By October 16, 2014 the rect-
angular portion of the WWTP (perhaps sludge dry-
ing beds) also appeared to be operational, although
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Figure 5. Lower Luyan6 WWTP
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only the outer portions. The inner portion of the
rectangular units is not operational and not consis-
tent with their apparent original design as shown in
Cueto and Deleon (2010).

Upper Luyané, upstream of Lower Luyand on the
Luyand River, is another WWTP that is being oper-
ated in collaboration with the UNDP to reduce the
contamination of Havana Bay. This plant appears to
consist of two conventional plants, as shown by the
two large circular tank systems, with central clarifiers
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and aeration and sludge thickening in the annulus
around the clarifiers. The smaller circular tanks ap-
pear to be sludge holding tanks. Four images were
compared from 2001, 2006, 2009, and 2015 (Figure
6). On January 13, 2001 the site of the WWTP was
undeveloped. By March 11, 2006 the site was being
prepared for construction. By September 1, 2009
construction was in progress, and at least one clarifier
and a few other new structures appear to have been
built. The most recent imagery from August 3, 2015




Figure 6. Upper Luyané WWTP
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Source: Google Earth Imagery.
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indicates that construction was still in progress. Al-
though it appears that the majority of the structures
were in place at that time, they were not operational

yet.

Bejucal WWTP is situated in the municipality of Be-
jucal which is located within the province of La Ha-
bana. The circular tank on this site could be either a
clarifier or a sludge thickener. The rectangular tanks
highlighted may be Imhoff tanks designed to settle
the wastewater and provide sludge digestion. Satellite
imagery of this plant was observed from August 11,
2002 to July 31, 2015 (Figure 7). Information is not
available on when this plant was built, but from the
images we conclude that this plant has clearly been
non-operational for over 13 years. The observed
changes include the possible construction of drying

beds in the northern corner and it appears that the
rectangular tanks in the center of the image were

once in service and are now empty.

Quibt is located outside the city and within the
province of La Habana (Figure 2). Its design is simi-
lar to that of Maria del Carmen. The circular tanks
appear to be trickling filters. The small square tanks
are either clarifiers or sludge thickeners. Drying beds
are located to the west. As of October 17, 2000 the
plant was fully operational. As of September 2013
the plant appeared to have maintenance shortcom-
ings (Figure 8), apparent in the shutdown of one
trickling filter. These maintenance issues were not re-
solved as of the most recent satellite image in April
23, 2015, which also shows one inoperative trickling
filter.
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Figure 7. Bejucal Luyan6 WWTP
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Source: Google Earth Imagery.

Note: The blue circle highlights the operational structures, and the red identifier represents the nonoperational ones.

Figure 8. Quibd Luyané WWTP

Source: Google Earth Imagery.

correspond to either operational clarifiers or sludge thickeners.

Note: The big blue circle highlights both operational trickling filters, and the red identifiers represent the nonoperational one. The smaller blue circles

In summary, of the six plants evaluated through
Google Imagery, none appear to be functioning at
full capacity. Three appear to be working at partial
capacity (Marfa Del Carmen, Lower Luyand, and
Quibt). Three do not appear to be functioning at all
(El Pitirre, Upper Luyand, and Bejucal).
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Absent an opportunity to visit the WWTPs to make
a needs assessment of the existing treatment units
and land availability for any additional units, it is not
feasible to estimate the cost of bringing each facility
to a satisfactory state to provide the degree of treat-
ment for which it was designed. The analysis of de-
gree of treatment required is a complex matter re-




quiring mathematical modeling of all sources of
pollution, including so-called nonpoint sources (e.g.,
storm water runoff from various land uses), the fate
of pollutants in receiving waters, and an iterative pro-
cess leading to the determination of Total Maximum
Daily Loads (TMDLs). Given these unknowns, we
believe it is useful to develop a cost estimate for the
alternative of brand new WWTPs providing second-
ary treatment. The alternative of new WWTPs is de-
veloped in the next section.

ALTERNATIVE OF NEW WASTEWATER
TREATMENT PLANTS: DEGREE OF
TREATMENT AND COST

There are two general types of wastewater manage-
ment strategies: decentralized and centralized. The
main goal of the first type is to manage (treat and
disperse or reuse) wastewater at or near the source
where it is produced. It also normally releases efflu-
ent into soil or on top of land. It includes latrines,
also known as privies or outhouses, as well as septic
tanks and leach field systems. Centralized systems
manage the wastewater in a central location which is
generally far away from the place where it is formed.
The effluent is released into surface water bodies,
such as oceans, rivers, streams, or creeks (Jantrania
and Gross, 2006). They include a wastewater treat-
ment plant on the order of tens or hundreds of thou-
sands of gallons per day (small-scale) and a tradition-
al community based wastewater treatment operation
(larger scale).

Initially, a combination of these systems in Havana
will be inevitable. However, the eventual goal should
be implementation of large scale WWTPs made up
of different unit processes using modern, cost-effec-
tive technology. There are three levels of treatment.
Primary treatment focuses on the removal of suspend-
ed solids (SS) by 50-60% and biochemical oxygen
demand (BOD) from wastewater by 20-30%. Sec-
ondary treatment focuses on the removal of most of
the overall BOD by 70-90%. Tertiary treatment fo-
cuses on the removal of nutrients (mainly phospho-
rus and nitrogen), as well as most of the remaining
SS and BOD from wastewater.

The first step in sizing facilities and ultimately esti-
mating costs is to determine the wastewater flow rate.

Havana’s Wastewater Treatment Plants

The wastewater flow was estimated considering the
population of Havana. Also, as a check, measured
flow at the submarine outfall at Playa del Chivo was
multiplied by two, as it is believed that this system
serves about half of the population of Havana. Thus,
the flow of wastewater in the city can be projected at
about 130 million gallons per day (MGD). Given
that the population of Havana is 2.2 million people,
this estimate corresponds to a flow of 59 gallons per
person per day. This number is low on a per popula-
tion basis and may be due to a combination of low
water usage rates and other complex factors. Pending
a future investigation of usage rates and other consid-

erations, we used the 130 MGD figure.

This cost estimate was calculated assuming that four
new plants could be constructed. These plants would
need to be connected to wastewater collection net-
works. Mr. Peter Robinson, P.E., of Hazen and Saw-
yer provided cost curves (Figure 9) for primary and
secondary treatment. The estimates for one plant of
32.5 MGD capacity (130 MGD+4) is shown in Fig-
ure 9 according to his suggested approach.

To use the cost curves proposed, 32.5 MGD was
converted to m3/s, which corresponds to 1.42 m/s.
Using this value on the horizontal axis of Figure 9 a
unit cost for primary treatment of $0.22 and for sec-
ondary of $0.47 was estimated on a per liter per day
basis. Then, the plant flow in MGD was converted
to liters/day and multiplied by the corresponding
unit costs, resulting in the 1998 values shown in Ta-
ble 3. The final costs were then converted to 2015
values accounting for inflation by using information
from the website https://www.measuringworth.com/
uscompare/.

The 2015 values shown on Table 3 were increased by
20% for engineering, legal, and contingencies, plus
10% for fiscal cost and inflation (Table 4). The unit
cost for secondary treatment includes primary, so it
was subtracted from the primary cost. Thus, primary
treatment would be $59,150,000, and secondary
would cost $67,080,000, for a total of $126,230,000
per plant. Considering the present situation of the
Cuban economy, tertiary treatment was not consid-
ered because it represents a classical point of dimin-
ishing returns. This means that every incremental re-
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Figure 9.

Cost curves used to estimate the cost of primary and secondary treatments in

Cartagena de Indias, Colombia, in 1998
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Table 3.

Unit costs on a liter/day basis and
construction cost for one WWTP

Unit Costs Construction Cost in Millions
Treatment Level  from figure7 1998 values 2015 values
Primary $0.22 $27.06 $45.50
Secondary
(Includes Primary) $0.47 $57.81 $97.10

moval of SS and BOD entails a greater and greater
incremental cost. However, tertiary treatment would
be desirable later on in the future once it offers a
higher environmental protection in sensitive areas.
The total cost for all the four WWTPs would be
$504,920,000 which may be out of the current fi-
nancial reach of the Cuban government’s budget
(Table 4). However, it may be fulfilled in phases, as
the economy of Cuba hopefully improves.

Table 4. Cost Estimate for One and for All

Four WWTP
Treatment Level Estimated Cost
Primary only $59,150,000
Secondary (includes primary) $126,230,000
Total costs estimated for the four WWTPs $504,920,000,000
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CONCLUSION

Over the years, Havana has faced deficiencies with its
wastewater system. As explained above, most of the
WWTPs are either not operating at full capacity, or
they are not functioning at all. Also, some of the
WWTPs are still under construction, and therefore
they are not operating yet. The wastewater collection
system needs repairs and upgrades, which are not
quantified in this paper due to insufficient data. The
necessity for improvements is urgent since the lack of
adequate wastewater treatment has caused several en-
vironmental problems such as the pollution of Hava-
na Bay and the Almendares River.

One option for wastewater treatment would be to
build a new WWTP at each of the four main waste-
water collection service areas to supply the overall
needs of the population of Havana. It is not known
whether this approach will be preferable to that of
upgrading the existing plants, the analysis of which
would require on-site visits to the plants and detailed
assessments of the conditions of the treatment units
vis-3-vis desirable treatment performance. Mean-
while, the assumption of new wastewater treatment
plants serves to provide an order-of-magnitude yard-
stick for evaluating economic considerations.
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