is fun, educational, unique and aesthetically pleasing. The following subsection addresses a possible
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implementation of this transitional buffer strategy in the site of Manchester and the Valero refinery.

Concept Implementation in the Community of Manchester
The implementation of the transitional buffer concept in the Valero site is shown in Figure 5.7,
which displays the site’s master plan. The design utilizes the three available blocks previously shown on
Figure 5.3 to create three distinct experiences, which are connected through one central avenue for
pedestrians to walk through. The first block contains two types of bio-filters: a vertical bio-filter in the
industry’s edge, which includes a green wall façade, and a series of small-sized trickling bio-filters
scattered throughout the block in linear patterns. The second block includes one horizontal bio-filter,
surrounded by two large earth mounds meant for the resident’s use. Finally, the third block is left solely
as a public space, with the addition of a plaza to connect the existing community center and playground to
the rest of the design. The following sub-section will explain in detail the designs within each of the
blocks.
Figures 5.8 and 5.9 display a plan and a section of the first block, which includes the vertical biofilter and the trickling bio-filters. One aspect that influenced the design of the first block was a possible
size for each of the bio-filters present, which is normally determined by the amount of gas emissions
produced daily in a specific industry and the pollutant loading rates of the machinery system (Ebeling,
n.d.). These numbers are not possible to determine for the Valero Refinery without detailed information
about their machinery systems and gas tank loading rates, which are not available to the public and are
beyond the scope of this thesis. Therefore, the size for all bio-filters on site is determined based on
existing precedents of similar usage. In the case of the trickling bio-filters, a standard model for a filter
used in industrial VOC removal requires on average about 100-300 square meters of surface area, or
about 1,076-3,229 square feet (Ebeling, n.d.). The trickling bio-filters used on block 1 follow this

DESIGN MASTERPLAN
BLOCK 3

Green Space

BLOCK 2

Horizontal Bioﬁlter

BLOCK 1

Ver�cal Bioﬁlter

Figure 5.7. Design Masterplan

0’

100’

scale: 1”=1’-0”

Trickling Bioﬁlter

consideration, with a surface area of 1,343 square feet per filter. As a placement strategy, the
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design attempted to maximize the number of trickling bio-filters that could be placed on site, while still
implementing a 20 foot buffer between each of the filters and leaving areas designated solely for public
use. As shown in Figure 5.10, the placement of the bio-trickling filters was determined through a linear
pattern, in order to facilitate the possible connections between the filters to the maximum amount of tanks
on site. This grid did not include the bigger tanks located next to the railway tracks, as these are hydrogen
cyanide tanks that require to be filtered separately in the horizontal bio-filter in order to reach maximum
filtration efficiency. This is due to the fact that hydrogen cyanide is the pollutant with the highest
concentrations on site, as shown in Figure 5.1, and that bio-filters achieve maximum removal efficiency
rates of hydrogen cyanide when the pollutant is filtered as a single gas (Amin et al., 2017). On the other
hand, other types of pollutants in the refinery have been shown to degrade more effectively when
combined with other gases. This is particularly the case for Benzene, which has a significant higher
average removal efficiency rates when combined with other gases (Amin et al., 2017). Therefore, the
filtration of multiple gases of smaller concentrations is more fitting for the bio-trickling filtration system.
As for the size and placement of the vertical bio-filter, the surface area needed for the filter was also
based on existing precedents and calculated based on bed volume. One precedent described a vertical
biofilter used for VOC removal of industrial plants, which implemented four stacked beds, with a height
of 4.9 feet each, and a total bed volume of approximately 3,229 square feet (Vikrant et. al., 2017). These
measurements are followed in the design of the vertical bio-filter on site. Additionally, the placement of
the vertical bio-filter next to the trickling bio-filter system and along the same linear pattern makes it
more feasible to integrate into a possible piping system.
In order to make the design in the second block more welcoming for visitors, the trickling biofilters and vertical bio-filter have façades covered in plants to create a more welcoming and park-like
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Figure 5.8. Plan Rendering of Block 1.
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Figure 5.9. Section Perspective of Block 1.

Figure 5.10. Diagram of Possible Connections between Tanks and Filters.
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atmosphere that contrasts the heavily machinery of the Valero tanks. Additionally, the bio-filters are
surrounded by trees in order to provide shade. As aesthetic components, the trickling bio-filters were
designed to be relatively thin and elongated, in order to mirror the industrial, vertical tanks and pipes of
the Valero refinery and make a connection to the site (Construction Details shown in Figures 5.12 and
5.13). The most striking feature of the site is a large viewing platform near the center of the block that can
be used by residents to look over the whole site and provide views of the riverfront, which is currently
inaccessible. A perspective of such views and a construction detail for the platform are provided in
Figures 5.11. and 5.14.

Figure 5.11. Perspective of Block 1 from the Top of a Viewing Platform, Displaying Views of the Trickling Bio-filters
Surrounded by Vegetation and the Vertical Bio-filter with a Green Façade.
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Figure 5.12. Construction Detail of Trickling Bio-filter.
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Figure 5.13. Construction Detail of Plant Façade Attached to Trickling Bio-Filter.
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The next aspect of the design is block 2, which contains the horizontal bio-filter. Figures 5.15 and
5.16 display a plan view and a section of this block, respectively. Like with the previous two filters, the
area for this bio-filter was based on a precedent of a similar bio-filter type and similar usage. In this case,
the precedent was a fully enclosed bio-filter with two stacked beds that were used to control VOC air
toxins within an industrial plant in the United States (Lith et al. 2011). The total bed volume for this
project was of 1200 meters cubed, or about 42378 feet cubed (Lith et al. 2011). In the case for horizontal
bio-filters, a bed volume of 1000 meters cubed equals an area of about 200 to 500 square meters (Vikrant
et al., 2017). Therefore, the possible area of this precedent was of about 240 to 600 square meters, or
2,583 to 6,458 square feet. As the space available within block 2 is very large, the design implements a
slightly larger bio-filter, with a total area of 7,918 square feet.
The horizontal bio-filter is unique from the previous two filter types in the sense that it utilizes plants as
part of the bio-filtration system. Moreover, the filter is placed underground and covered with a glass
protective cover, which serves to keep air pollution inside the filter while allowing people to walk over
the space and observe the plants underneath. Due to its importance, the cover utilizes two layers of glass
separated by a structural joint in order to ensure safety, which is shown in Figure 5.20. Additionally,
Figure 5.21 displays a detail of how the bio-filter works as a system underground. The air first enters the
bio-filter through an underground pipe, passing it through a humidifier to achieve the required moisture
content before releasing the gas into the plenum through a fan. A perspective of this system is shown in
Figure 5.19, which also portrays how the filter is surrounded on either side by large earth mounds that can
be used for a variety of recreational uses. Firstly, their tall height allows people to view the filter from a
different perspective. Moreover, the two mounds are connected at their highest elevations by a pedestrian
bridge, which also allows visitors to view the horizontal bio-filter from above (details of the bridge are
shown in Figures 5.20, 5.21 and 5.22). Secondly, the mounds also serve for a variety of program uses, as
displayed on the plan. One mound contains play equipment for children, while the other has a seating
space for people to use the mound as an amphitheater.
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Figure 5.15. Plan Rendering of Block 2.
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Figure 5.16. Section of Block 2.

Figure 5.17. Perspective of Horizontal Bio-filter Chamber.
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Figure 5.18. Detail Drawings for Glass Cover of Horizontal Bio-filter.
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Figure 5.19. Construction Detail of Horizontal Bio-filter.
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Figure 5.20. Construction Detail of Pedestrian Bridge Seating and Rail.

n.d.

Figure 5.21. Perspective of Bridge Seating and Rail. Original Image Source: McDowell & Benedetti Associates,
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Figure 5.22. Construction Detail of Pedestrian Bridge.
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The final block within the design is within block 3, which consists solely of a public space that connects
the existing community center of Manchester to the rest of the design. Figures 5.23 and 5.24 display a
plan and a section of the block 3 design. This area does not implement a bio-filter, but aims instead to
enhance the experience of the existing public space in Manchester. As shown in the plan, there are four
elements already in use within this block, which include the community center, a basketball court, a
soccer field and a small playground. The design aims to connect these existing elements to the two new
public spaces in blocks 1 and 2, through the creation of a plaza space. As this site is located in an
industrial context, the design of this area aims to bring materials that evoke this history in an appealing
manner. Some examples of these materials include red steel, concrete paves of grey tones, and repurposed
objects found on the refinery. One example are the leftover railway pieces found on the current block 1,
which could be used to create paths along the main walkway that connects all three blocks. Figures 5.25
and 5.26 also display construction details of the special paving pattern and red seating found along the
plaza space, which are mirrored in the plaza space of block 1.
Block 3 concludes the design of the public space in Manchester and Valero. As these designs are
constructed on site, it is important to consider their management over time and their possible
maintenance, especially in regards to the bio-filters. Additionally, for the bio-filters to be successful in
maintaining their aesthetic appeal through plant façades in a longer time scale, it is necessary to select a
list of plant species, which can survive under the conditions of Valero’s constant pollution emissions and
poor air quality. This is especially the case for the horizontal bio-filter in Block 2, where the plants form
part of the bio-filtration system. Both of these aspects are discussed on the following chapter.
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Figure 5.23. Plan Rendering of Block 3.
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Figure 5.24. Section Perspective of Block 3, showcasing the New Plaza Space.
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Figure 5.25. Paving Patterns used within the two Plaza Spaces of Block 1 and Block 3.
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Figure 5.26. Seating and Planting used within the two Plaza Spaces of Block 1 and Block 3.

Chapter 6
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Maintenance and Plant List of Manchester’s Bio-filters
As bio-filters work with microorganisms that require a stable environment to survive, each of the
bio-filters presented in the previous strategy will require a maintenance routine that ensures these
conditions. The following chapter presents the maintenance regimes required for each of the bio-filter
types in the design, as well as a list of plants that are appropriate to implement on the bio-filtration
systems. Additionally, the chapter explains the selection of the bio-filter plant list, as this is dependent on
variables such as VOC exposure tolerance, invasive status within the state of Texas, and compatible
habitat requirements to those of the horizontal bio-filter in terms of pH, temperature and moisture.

Horizontal Bio-filter Maintenance
Because all three bio-filters in the site design employ very similar systems, their maintenance
routine will only require slight adjustments from each other. The first method of maintenance is for the
horizontal bio-filter in the second block. This bio-filter has the advantage of utilizing an enclosed
chamber and glass cover, which maintains a stable environment for microbes to survive without needed
constant maintenance. However, habitat conditions within the chamber stills need to be verified regularly,
as they are crucial for the survival of the microbes. The recommended period for checking these
conditions on conventional bio-filters is once every eight hours, although once daily is also considered
acceptable (The Clean Air Technology Center, 2003). In this aspect, an advantage of the chamber and
glass encasing is that they allow the use of sensors to check these conditions, rather than needing manual
check-ups (The Clean Air Technology Center, 2003). In case of emergencies, however, the design of the
bio-filter added a chamber entrance and staircase for employee access, which would ensure that the
conditions of the bio-filter can be monitored in case of a sensor malfunction. In case of a malfunction, the
glass encasing the filter also provides the advantage of maintaining a stable environment for the microbes

for longer periods of time. Encased bio-filters can maintain livable microbe conditions up to five days

78

after shut down, compared to three days in conventional, exposed bio-filters (The Clean Air Technology
Center, 2003).
Besides the daily regulation of the bio-filter’s conditions, the structure does not require any other
type of major maintenance. However, the requirements for the bio-filter habitat are very specific, and
should be kept within the conditions displayed in Table 6.1. From all of these variables, temperature is the
most crucial to maintain, as high temperature conditions can kill the microbes while low temperature
conditions can halt their metabolic processes. The required temperature for most microorganisms to
survive and flourish is 59 to 86 degrees Fahrenheit, or 15 to 30 degrees Celsius (The Clean Air
Technology Center, 2003). For optimum efficiency of a bio-filter, a humidifier should be available in
order to cool down emissions that go over the required temperatures before being released into the
medium (The Clean Air Technology Center, 2003). Moreover, humidifiers are also necessary to control
moisture levels within the plenum, which is another important feature. Humidifiers such as the ones used
in the bio-filter (detail shown previously in chapter five) will provide a range of 50% to 65% moisture
content, which is optimal for organic-based media such as the one used in the horizontal bio-filter
(Groskreutz, 2004).
It is important to note that the plants and bed media of the horizontal bio-filter should be replaced
every two to five years (Groskreutz, 2004). Replacement of the bed media is necessary, as it is depleted of
its needed nutrients when used at high VOC loading rates, such as the ones used in industrial processes
(Groskreutz, 2004). Replacement will also prevent clogs within the filter bed due to biomass growth
(Groskreutz, 2004). After replacement, the waste material should be disposed of in a gasification
treatment, which involves the drying, heating, and thermal decomposition of the bed material in order to
convert it into combustible gas (Mohanty, 2016). This process is efficient in disposing of pollutants found
in the waste, as certain studies suggest that it reduces the mass of contaminated plant material by over
90% (Mohanty, 2016). Additionally, the process can be integrated into the creation of electrical or
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thermal energy (Mohanty, 2016), which creates an opportunity to integrate the disposal of bio-filter waste
into an existing economic chain of energy production.

Table 6.1. Horizontal and Vertical Bio-Filter Design Requirements. Source: Leson and Winer, 2012.

Vertical and Trickling Bio-filter Maintenance
The second type of bio-filter maintenance is that of the vertical green wall bio-filter, which
implements the same system as the horizontal filter and is therefore very similar in terms of maintenance.
Both of these bio-filters require the same parameters as described in Table 6.1. However, the vertical biofilter does not implement a chamber that facilitates stable conditions, and will have to be monitored
manually every eight to 12-hour period (The Clean Air Technology Center, 2003). This bio-filter is
located at the refinery’s edge and is not positioned underground; therefore, monitoring the bio-filter is
also much more feasible. The final bio-filter type, the trickling bio-filter, is the most unique in terms of

the design requirements to maintain adequate conditions for its organisms- these requirements are
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displayed in Table 6.2. The main difference between the two systems in terms of maintenance is that the
trickling bio-filters can sustain much higher levels of temperature, as it does not utilize plants and
employs a sprinkler system which maintenance much higher moisture levels (Vikrant et al., 2017).
Similarly to the horizontal bio-filter, these two systems will require the disposal and replacement of its
bed media every two to five years through a gasification treatment. However, an aspect that differs from
the horizontal bio-filter maintenance is that the plants in the vertical and trickling bio-filters are integrated
for aesthetic purposes only, and therefore are not part of the bio-filtration system. These plants will
require additional maintenance measures, which are described in the following subsection of this chapter.

Table 6.2. Trickling Bio-filter Design Requirements. Source: Vikrant et al., 2017.

Selection of Bio-filter Plants
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The final aspect of this chapter is to explain the plant selection process for the three types of biofilters present on the design. The plants on the bio-filters are important because they add aesthetic appeal
to a process that is normally perceived as dirty or uninviting. Additionally, in the case of the horizontal
bio-filter, the plants also enhance the bio-filter’s performance by providing nutrients for the organisms
that degrade air pollutants. This is due to the generation of exudates on the plant roots, which are
substances that ooze out of plant tissue pores and often include nutrients that are beneficial for bacteria
and fungi (Walker et al., 2003). As shown in Figure 6.2, plant root hairs are habitable for many kinds of
organisms that are effective for degrading VOC’s. Bacteria such as Pseudomonas putida and Klebsiella
sp. are especially recognized for having high removal efficiencies for the VOC’s found in the Valero site,
especially benzene, toluene and xylene (95% removal efficiency) (Zhao et al., 2014). Therefore, it is
beneficial for the horizontal bio-filter to implement plants as part of the system, as they provide nitrogen,
phosphorus and other minerals for bacteria colonial growth and lengthen the time of replacement of the
bed media (Soreanu et al., 2013).
Plants within the horizontal bio-filter will be in constant exposure to VOCs, as they are part of the
bed media that holds microorganisms to degrade the air pollutants. Moreover, plants in the other two
types of filters might also come in contact with VOC’s found in the atmosphere of Valero and
Manchester’s industrial setting, even without forming part of the bio-filtration system. Due to these
conditions, the plants selected for the bio-filters should possess a high tolerance to VOC exposure. The
plant list for the bio-filters was chosen based on a series of studies (Liu et al., 2007; Keumeulen et al.,
1993; Ugrekhelidze et al., 1996), which identified plant species with high tolerance for VOC exposure
from a list of 73 plants. Out of this list, the plants chosen had a removal rate of 20% or above for VOCs,
mainly benzene and toulene (Liu et al., 2007; Keumeulen et al., 1993; Ugrekhelidze et al., 1996). From
this list of 13 species, the chosen plants were further narrowed by eliminating any plant species which are
considered invasive by the Texas Invasives Organization (the only species eliminated was Ficus

Macrocarpa, considered an aggressive invasive from Asia) (Texas Invasives Org., n.d.). Finally, the
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remaining plants were examined to verify that their required living conditions match those of the
microorganisms living in the horizontal bio-filter (Table 6.1) in terms of pH, temperature and moisture.
These requirements included a pH between 6-8, temperature tolerances between 15 to 50 degrees Celsius,
and a high tolerance for moist environments. The remaining plants that satisfied these requirements are
shown in Table 6.3, and compass the final plant list for the bio-filters.
Maintenance of the bio-filter plants will also vary depending on the type of bio-filter where they
are located. Plants within the horizontal bio-filter are encased within a stable environment, and can be
monitored for ph, temperature and moisture through sensors in the filter. These plants should be disposed
of an replaced every two to five years along with the bed media of the horizontal bio-filter (Vikrant et al.,
2017). Plants in the other two types of filters, the vertical and the trickling, will require more

maintenance, as they are not in an enclosed habitat. As these plants are installed like in a
conventional green wall, they will require a similar type of maintenance. Activities that should happen
once a month include: inspection of substrate moisture and plant health, testing of nutrient concentration,
and testing of ph levels (Vikrant et al., 2017). Additionally the lighting system of the wall should be
inspected three times a year (Vikrant et al., 2017). These plants should also be disposed of and replaced
every two to five years, as they are exposed to VOCs in the atmosphere due to Valero and Manchester’s
industrial setting.

Bio-ﬁltering Organisms in Soil and Plant Roots

1 micrometer

Klebsiella pneumoniae

1 micrometer

Paecilomyces variotii

Organisms inhabiting plant root hairs

1 micrometer

Pseudomonas putida

1 micrometer

Serratia marcescens

1 micrometer

Figure 6.1. Types of Organisms Living in Plant Roots that have Bio-filtering Capabilities

Azotobacter spp.

Bio-filter Plant List
Common
Name

Scientific
Name

Purple Waffle

Hemigraphis alternata

Purple Heart
Sprenger’s
Asparagus Fern

Tradescantia pallida

0.50 to 0.75

Asparagus densiflorus

2.00 to 3.00

Variegated Wax

Hoya carnosa

2.00 to 4.00

Crassulaceae

Crassula portulacea

French Hydrangea

Hydrangea macrophylla

7.00 to 8.00

Golden Elf Orchid
Chrysanthemum
morifolium

Cymbidium ‘Golden Elf’

1.00 to 1.50

Dendranthema morifolium

2.00 to 3.00

Giant dumbcane

Dieffenbachia amoena

Height

Status

(Feet)

In Texas

0.50

0.75

Up to 6.00

Peace Lily Supreme Spathiphyllum Supreme

1.50 to 2.00

Sword Fern

Nephrolepis exaltata

2.00 to 3.00

Striped dracena

Dracaena deremensis

0.50 to 0.75

Moisture Temperature Ph Range
Conditions Tolerance

Exotic
Non-Invasive

Constantly
Moist Soil

16ºc to 24ºc.

Native
Exotic
Non-Invasive
Exotic
Non-Invasive
Exotic
Non-Invasive
Exotic
Non-Invasive

Moist Soil

18ºc to 24ºc

5.0 to 6.0

Moist Soil

16ºc to 24ºc.

6.5 to 7.5

Moist Soil

16ºc to 29ºc

6.0 to 6.5

Moist Soil

18ºc to 24ºc

6.0 to 6.5

Moist Soil

18ºc to 21ºc

5.5 to 6.5

Moist Soil

16ºc to 25ºc.

6.1 to 7.5

Moist Soil

15ºc to 24ºc

6.5 Optimal

Moist Soil

18ºc to 23ºc

6.5 to 7.5

Moist Soil

20ºc to 26ºc

Moist Soil
Constantly
Moist Soil

21ºc or above

Exotic
Non-Invasive
Exotic
Non-Invasive
Exotic
Non-Invasive
Exotic
Non-Invasive
Exotic
Non-Invasive
Exotic
Non-Invasive

21ºc to 26ºc

Table 6.3. Bio-Filter Plant List. Sources: Liu et al., 2007; Keumeulen et al., 1993; Ugrekhelidze et al., 1996.

Withstands wide range
Prefers Slightly Acidic Soils

Acidic to Neutral
5.6 to 6.0
Withstands wide range

Chapter 7
Projections of Manchester’s Future
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The final chapter of this thesis explores the possible future of the public space between
Manchester and Valero as the refinery phases out of use. While this condition is not likely in the near
future, foreseeing possible uses for the bio-filters in case they are no longer needed will strengthen their
relevancy over the long-term use of the park. This chapter does not aim to create specific designs for the
park in the future, but to explore the potential of bio-filters of transforming into new amenities as their
original purpose is no longer required. The chapter first introduces the concept of repurposing industrial
sites using the existing examples of Landschaft Nord Park and Zeche Zollverein Park in Germany. Some
ideas are then presented about how two of the bio-filter types, the horizontal bio-filter and the trickling
bio-filter, could transform over time to create new recreational amenities within the park.

Post-Industrial Sites as Recreational Amenities
Currently, the oil demand nationwide suggests that refineries are going to remain an important
component of our resource consumption patterns in the next 50 years. In 2017, the United States
consumed a total of 7.28 billion barrels of petroleum products, an average of about 19.96 million barrels
per day (EIA, n.d.). In this sense, the Valero refinery is an important asset for the city of Houston, as it
exported a total of 271,000 barrels per day of gasoline and distillate just in the first quarter of 2018
(“Valero Energy Reports First Quarter 2018 Results,” 2018). Their export and production rates also seem
to be on an upwards trend, as they exported 93,000 more barrels daily than in 2017 (“Valero Energy
Reports First Quarter 2018 Results,” 2018). However, the possibility of the refinery phasing out of
business could become more likely in a long-term timeline, as the renewable energy sector increases in
production and demand within the state and the nation. Texas currently has the largest wind-powered
energy generation capacity in the nation- capacity of 22,637 megawatts- and supplies 17% of its power
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from this source (Mann,2018). With environmental issues becoming more apparent each year, specifically
in terms of pollution and climate change, there is a possibility that wind power, combined with other
sources of renewable energy, could eventually surpass fossil fuels as Houston’s main source of energy in
a distant future. Public perception of renewable sources in the county also seems to be increasingly
positive. In a 2018 county-wide survey from Rice University about environmental concerns in Houston,
respondents were asked if they agreed with the notion that protecting the environment is so important that
continuing energy improvements must be made, regardless of cost (Kinder Institute of Urban Research,
2018). Some 76.5% of residents answered they agreed, which suggests that the public could be open to
the idea of shifting energy sources if the circumstances require it (Kinder Institute of Urban Research,
2018). Although there is very little possibility of an energy transition in the next fifty years, Houston has
begun to consider the possibility of implementing other sources of fuel over time. With these options, the
Valero refinery has the potential to eventually transform into a recreational park for the community,
which provides amenities and celebrates the site’s history.
Bearing in mind that Valero’s closure could become a possibility in the distant future, it is
necessary to consider the relevance of the bio-filters over a long-term design approach. The closure of the
Valero Refinery could eventually give the community of Manchester access to the waterfront of Buffalo
Bayou, which creates various opportunities in terms of recreation within the site. Additionally, the
existing infrastructure of the refinery, as well as the bio-filters used to absorb its pollution, have the
potential to turn into unique recreation amenities that preserve the site’s character, commemorate its
history, and create an engaging experience for Manchester’s residents.
Germany is an appropriate example of how industrial facilities can be preserved and converted
into recreational and commercial amenities for community members, which is helpful to consider when
discussing the potential uses of a future “Valero Park.” Two particularly interesting sites are Landschaft
Nord Park in Duisburg and Zeche Zollverein Park in Essen. The first site, Lanschaft Nord, is a former
iron production plant that closed out of business in 1985 with the decline of the coal industry

(Landschaftspark Duisburg Nord, n.d.). This 180-hectare site was repurposed as a public space in 1989,
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and now contains restaurants, cafes and plazas in previously inaccessible grounds (Landschaftspark
Duisburg Nord, n.d.). The remains of the iron machinery were left on site for people to climb and explore,
and colored lighting was added so that people can also enjoy the space at night safely (Landschaftspark
Duisburg Nord, n.d.). Additionally, the site also contains over 700 plant species, which is highlighted by
the park as a remarkable success, as the entire region of North Rhine-Westphalia, where the park is
located, has approximately 2,000 plant species in total (Landschaftspark Duisburg Nord, n.d.). Figure 7.1
also displays some of the post-industrial gardens and playgrounds found in the park.

Figure 7.1. Images of Landschaftspark Nord, Duisburg. Source: Landschaftspark Duisburg Nord, n.d.

Another interesting site is that of Zeche Zollverein Park in Essen, Germany. This former coking
plant and coal mine is 100-hectares in size, and is now being used a park, commercial space, school, and
museum. The site closed down operations in 1986, due to Germany’s rigorous transition plan from coal
into new forms of energy (Stiftung Zollverein, n.d.). Yet, the structure of the coking plan was placed on a
preservation order that same year, with the intent of converting it into a public park (Stiftung Zollverein,
n.d.). Renovation centered around the new Ruhr Museum, which was located in the main structure of the
coking plant, shown in the background of Figure 7.2. This site is now surrounded by art exhibition spaces
in former pipe structures, railways that were converted into bike and pedestrian lanes, and coal storage
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areas that are now used as playgrounds and commercial spaces (Stiftung Zollverein, n.d). Thanks to these
additions, the new park receives over 1.5 million visitors annually, and is now recognized as a UNESCO
World Heritage Site (Stiftung Zollverein, n.d).

Figure 7.2. Recreational uses within Zeche Zollverein Park, displaying a midnight event near the Ruhr Museum
and a swimming pool created over the former coal plant structures. Source: Stiftung Zollverein, n.d.

These two sites attest to the possibility of a successful integration between the Valero Oil refinery
and the proposed bio-filter park. One especially important lesson is that a design for these sites should
highlight the structure’s history and uniqueness, by providing equally unique program opportunities. The
unexpected sight of a pool within a coal plant or a light show in a former iron foundry, for example, are
features that attract visitors and locals alike to these two parks. In exploring the future of Valero, a design
should also consider the different types of scale that a visitor might experience within the park, as ensure
these conditions vary if there is an opportunity for recreational use.

The Future of Valero’s Public Space
The unique visual aesthetics of the bio-filters give them the opportunity to create interesting
public spaces in the future through slight modifications. This is especially true for the horizontal bio-
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filter, as the system is large enough to turn into a usable public space. Once the bio-filter is not required to
absorb and degrade pollution particles, the protective glass coverings will no longer be necessary. With
the available acreage of the sunken chamber (7,918 square feet), this space has the potential to become a
play space that is complementary to the high mounds and play grounds surrounding it. As the glass cover
is removed and the final bed filter material removed, steps could be added on all sides of the chamber to
make it accessible. As Figure 7.3 shows, some possible options for this newly created room could be a
spray plaza for children, a pool, an amphitheater and concert space, or a new garden to exhibit Valero and
Manchester’s history.
In the case of the trickling bio-filters (175 square feet per filter), there is a possibility to leave or
replace the plants on the outer walls of the filter, while disposing of everything on their insides to leave
them hollow. Their linear placement pattern also has the advantage that it creates clear desire lines
towards the waterfront, while also connecting the filters to the tanks. Once these tanks are no longer in
use, they could serve as playgrounds, open classrooms, art rooms or even small commercial stores. The
trickling bio-filters will then continue serving their aesthetic purpose, while their placement pattern
creates boulevards that connect people to the tanks and the waterfront. This opportunity removes the
barrier between the public space and the industrial complex, and could potentially unite it into a single
park as the infrastructure within Valero is repurposed.

Possible Programs for the Horizontal Bio-ﬁlter in the Future

Spray Plaza

Pool

Event Space

Garden

Figure 7.3. Possible Futures of Horizontal Bio-filter

Chapter 8
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Conclusion
During the preparation of this thesis, Valero’s request to the Texas Commission on
Environmental Quality (TCEQ) allowing them to release hydrogen cyanide into the atmosphere is still in
the process of being approved (Trovall, 2018). The refinery claims that the released cyanide
concentrations are low enough that they will not put residents at risk. However, as already mentioned on
this thesis, the refinery has already been releasing high quantities of cyanide yearly, and the request of
this permit has degraded the relations between the refinery and the community of Manchester. As the
presence of the refinery continues to affect the lives of people in the surrounding households, it is
imperative that a solution be implemented to reduce the amount of air pollution around the Manchester
Community. Bio-filters could be a cost effective, engaging, aesthetically pleasing and efficient way to
decrease these emissions without releasing them into the atmosphere; therefore, improving the living
conditions of Manchester, as well as the relations between the two entities.
As the demand for petrochemical products and oil refineries continues to increase, cities will have
to find innovative ways to deal with the consequences of supplying such demands through industrial
facilities. Unless a strategy is implemented to actively reduce the amount of emissions being produced in
these sites, air pollution will continue to be a leading cause of chronic diseases worldwide, and affect the
living conditions of residents who do not have the means to seek healthcare for it. This is not only an
environmental issue- it is a social issue, which requires cities to evaluate how much they prioritize their
citizen’s well-being over the economic interests of private corporations. However, it is possible to find a
solution that improves the living conditions of vulnerable residents in, while allowing the existence of
these facilities and turning their surrounding into pleasing landscapes that serve an aesthetic purpose.
Through site-specific design improvements and use of efficient, cost-effective technologies, we can begin
to reduce the negative impacts of petrochemical consumption, and creates environments that are safe and
healthy for everyone.
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