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Abstract

Issues surrounding green construction and resource consumption are on
the forefront of conservationists’ efforts.

Unfortunately, very few fire departments

have recognized the importance of implementing these measures into the
creation of new fire stations.

This study compares three different models of fire

stations: traditional, modern and LEED certified.

Through evaluation of factors

like construction material reuse, energy efficiency, water conservation and native
landscaping, the practicality and feasibility of green fire station construction is
demonstrated.

Additionally, it is shown that a small financial investment in the

building phase results in fiscal and resource savings throughout the life of the
conservation-focused fire station.

After being given permission to study Denton, TX Fire Station 7, Lancaster,
TX Station 1, and Haltom City, TX Station 2, information was gathered through
collection of printed material from the departments, oral interviews, and station

observations and photographs. Shortly after the evaluation process it was clear
that Denton Fire Station 7 was the most resource efficient station. Not only was
Denton the most efficient in resource usage and consumption it also gave
employees alternatives in waste reduction, and transportation.

This study has

provided ample evidence that the green building construction model established
by LEED is an environmentally sound and fiscally responsible method of fire
station construction.
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Introduction

Modern environmentalists have been responsible for initiating many
changes that facilitate environmental amelioration, including important arenas
like the banning of DDT (Carson), addressing wilderness and land conservation
issues (Leopold), developing sustainable forestry practices (Miller) and green
building construction.

While each of these projects is fundamental for improving

our natural environment, implementation of green building construction has the
greatest potential for widespread community impact.

Unfortunately, contractors

and architects have been slow in utilizing green building practices in general
construction, and even slower in the area of firehouse construction.

The many

economic and environmental benefits offered by green construction of fire
stations are easily demonstrated by examining three different building
approaches: modern construction, modern standard construction and LEED
certified green construction.

By quantifying and comparing data regarding

resource consumption during construction, energy efficiency and water usage, I
argue that basic adaptations to modern construction techniques have significant
ecological and fiscal advantages.

When Rachel Carson first published her book Silent Spring (1962), she was
venerated by some and criticized by many.

However, all of the devastating

consequences she exposed about the hazardous insecticide DDT were completely
accurate.

Because of her actions, DDT was banned in the United States in 1972
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and was later prohibited for agricultural use worldwide at the Stockholm
Convention (Carson).

If not for her forward-thinking environmental principles,

many species of harmless wildlife and natural habitats would have been
destroyed by the excessive use of DDT.

Carson’s pioneering actions led the way

to mainstream recognition of the importance of environmental consciousness and
the damage that can be caused by disregarding the impact of human-ecological
interactions.

This same level of awareness needs to be applied to resource

consumption in the domains of building construction and utilization especially of
fire stations as they historically have done things retroactively.

A comprehensive

responsibility for fire station environmental impact needs to be developed.
The modern day environmentalist Aldo Leopold’s greatest desire was to
attain a more nuanced connection with his natural surroundings.

He felt that there

was a general need to expand public conceptions of “land” to include the lakes,
rivers streams, flora and fauna that he believed existed in dynamic, intricately
balanced relationships (Aldo Leopold Foundation).

Another key principle

Leopold focused on was the idea of reducing non-native species of flora, and then
allowing native species to repopulate an area.

This would enable nature to re-

establish the land to the internal holistic, healthy homeostasis that is repressed by
invasive species.

Redefining the meaning of “land” to the intricate ecosystem

Aldo Leopold understood it to be is the mental pathway we can build upon in our
effort to understand the green building process.

Sustainable forestry systems with the dual purposes of allowing people to
make a living off the land as well as to enjoy the recreational functions found
within the national park system were both ideas of the first US Forestry Service
Chief Gifford Pinchot (Miller).

In the years from 1848 to 1910 Pinchot worked to

create reserved land tracts that varied in acreage, beginning with preserving 32
parcels and finishing with 110 (Miller).

Not only is this land valuable as a national

resource, it also gives the American public a chance to see what the natural

topography of the United States would look like if resources were obtained in a
responsible manner.

Additionally, Pinchot established the ideas behind wooded-

plot rotation for trees being harvested for timber products like lumber and paper,
emphasizing the significance of growing equivalent acres of forest to those being
cut. Within these principles of sustainability, conservation and resource
management, Pinchot’s forestry systems are utilized as a renewable supply of
building materials.

However, with increasing numbers of homes and

communities being built, timber becomes a more finite resource that can be overexploited, making green building practices even more important.

Green building is also known as sustainable construction, LEED certified
buildings, and green construction.

This method aims to reduce a building’s

impact on human beings and environmental surroundings.

Through the green

building process a decrease in environmental impact is achieved through site
planning, construction waste reduction, recycling, energy efficiency, efficient use
of building land and alternative energy usage.

Unfortunately, the green building

process is often perceived as going against the conventional construction model
of economy, comfort and utility, all of which are difficult conceptual barriers to
overcome.

Four main principles constitute the structure of sustainable construction, as
outlined by the Environmental Protection Agency (EPA).

The first goal in

constructing a green building is to have a proximate impact on lessening new
materials used for construction, consumption of energy, water and any natural
resources employed.

The second aspect of the green building concept is

decreasing environmental effects such as waste, water pollution, air pollution,
indoor pollution, storm water runoff and noise.

The third objective consists of

reducing ultimate effects such as harm to human health, environmental

degradation, and loss of resources. The final focus is optimizing aspects of the
newly built environment such as siting, design, operation, the construction
process, building maintenance,

and eventually deconstruction costs and effects.

By striving to fulfill these guidelines, building construction can have optimal
output with minimal amounts of detrimental environmental effects.
The practice of building homes with maximum utilization of natural
resources in the United States dates back several millennia to the Anasazi people
of the Colorado Plateau (CP-LUHNA).

The Anasazi people built their homes

around the principle of winter solar heating.

By positioning their homes on the

landscape in a southward facing direction, the Anasazi capitalized on the winter
sun located lower in the horizon.

This would heat the thermal mass of their homes

and the cliffs around them, keeping them warm during cool months (Kelly).
During the summer, when the sun was higher in the sky, the southern facing
windows of the home would be shielded from the brute force of the sun which hit
the cliffs above them instead.

This practice is modeled in today’s modern green

building construction (EPA).

The modern green building concept arose from a combination of two
historically significant events.

The 1970’s oil crisis spurred the need for more

resource conscious homes as the price of oil rapidly increased to unaffordable
levels (EPA).

The public began searching for fossil fuel alternatives for home

construction and energy production.

Solar, wind, geothermal and biomass were

just a few of the proposed solutions.

These sources prompted the energy industry

to move toward developing more sustainable and affordable energy forms.

The

environmental movement of the 1960’s and 70’s was the second public movement
that created awareness of the need to lessen resource consumption in the United
States.

People began the search for alternative techniques in home construction,

resulting in formation of the United States Green Building Council (USGBC) in
1992,

and subsequently, Leadership in Energy Environmental Design (LEED) was

initiated under the USGBC in 2000 (EPA).

In the United States, commercial buildings account for 39 percent of total
non-electrical energy use, 12 percent of total water consumption, 68 percent of
total electricity utilization, and 38 percent of the total carbon dioxide emissions
per year (EPA).

This is why constructing buildings using green methods is so

important to our health and the longevity of healthy ecosystems.

By utilizing

green building methods we can gain economically and environmentally.
methods can be done at any stage in the life of a building:

These

initial construction,

remodeling or the eventual deconstruction of the building.
The issue of green construction involves three arenas outlined by the EPA:
environmental,

social and economic.

Benefits to the environment include

reduction of waste streams, improvement of outdoor air and water quality and
protection of the ecosystem and its biodiversity on a micro- and macro-level.
Additionally, restoration and conservation of natural resources is an important

ecological advantage.

The second important aspect of green building methods is

enhancing social rewards like occupant health and comfort in the workplace,
heightened aesthetic qualities, reduction of strain on local infrastructure and the
general overall improvement of life. These are attained through a decrease in
stress on the mind and body by sound-proofing to decrease ambient noise,
natural lighting and indoor/outdoor air exchange to enhance air quality.

The

third benefit, which I believe to be the most immediate and visible, produces

more tangible results. An economic focus consists of overall reduced operating
costs, creation of new jobs for the green industry, re-energizing the green market
and increased profit via improvement of occupant health.

These dynamics are

especially applicable to fire station construction and the multitude of functions
these facilities have.

The mixed-use role of fire stations as both residential and

commercial entities results in double the normal amount of usage of either type of

facility alone.

Because firefighters live and work at the station, the normal

residential fluctuations in energy and water consumption that occur as people
leave to work outside the home and sleep home at night are not seen in these
structures, used continuously for 24hrs.

Additionally, the decreased nocturnal

activity of commercial businesses is negated by the residential nature of fire
stations.

While green building methods of commercial construction have generally
increased in use, sustainable buildings are rare.

In the next few chapters I will

show through empirical data and first-hand observations that the green building
model can be used in modern construction of fire stations.

This project will also

show that using the green building model can increase fiscal responsibility,
decrease resource consumption, increase building occupant overall well being,
and provide sustainable construction methods.

Chapter 1
Haltom City, Texas Fire Station Two- Traditional Construction

Haltom City, Texas is a small suburb community of Fort Worth, which lies

almost directly in the middle of Tarrant County, Texas.

The village of Haltom was

founded in 1932 and named after resident G.W. Haltom, whose ranch house

became the center of the community (Birdville Historical Society).

In the later

part of 1932 the State decided to run Highways 10 and 121 through Haltom,
providing transportation convenience and accessibility for its customers and
residents to major services (Birdville Historical Society).

The city was eventually incorporated in July of 1949 in an effort to annex
neighboring areas such as Garden of Eden, Oak Knoll, and Eastridge (Birdville
Historical Society).

It was not until October 10", 1955 that Haltom adopted a home

rule charter and formed a city council and mayoral type of local government.

The

fire department was established as a city service to its citizens in 1957.
At the time of its’ inception, Haltom City Fire Department serviced around
23,000 residents and started with one station housed in the heart of the city. In the

early part of 1965, the city council saw a need to increase its manpower for the fire
department and decrease response time to its citizens.

Fire Station Two was

opened in 1966 where priority was the delivery of emergency services not on
being energy efficient (Haltom City).

Haltom City Fire Station Two is currently the oldest station in operation in
the Haltom City, TX fire department.

Its construction cost in 1966 is unknown,

and

there is a very limited amount of archived information on the station and/or
construction methods used (City of Haltom City).

An empirical study of the

physical station provided me most of the needed data, and what I could not gather
city employees tried to supply.
The building is constructed using concrete masonry units (CMU’s) mixed
with brick facade.

The footprint of the station is basically a square including the

bays, measuring 3675 square feet total. There are three non-insulated aluminum
bay doors, and two standard entry outside/inside doors which have a low
insulation factor (the “R” value).

The inside climate-controlled environment

occupies 800 sq ft, is cooled via electric conventional air conditioning, and heated
by natural gas forced air induction, all through the central air conditioning unit.
The station has a north-facing front and the back of the station faces south.
The bunk room is where the 4 fireman on duty at this station have clothing
storage lockers and sleep at night.

The bunk room has 10 single pane windows

which face south and let natural lighting directly into the room during the day.
While natural lighting is healthier and can save energy costs, this also has a
negative effect because of the low R value in the single pane windows so that the
room heats up all through the day.

The bathroom has one window which is

located on the west side of the building.
means of insulation.

The CMU and brick facade is its only

In the northwest corner of the building, the kitchen has one

single pane floor to ceiling window.

This room also has very low R value because

of having only the CMU and brick insulation.

The appliances in this room consist

of a standard residential-sized refrigerator (non-Energy Star rated), gas oven and
stove top, and a microwave which is also non-Energy Star rated.

The living room, also known as the day room, has a few electronics, 4

recliner chairs, and a floor to ceiling single pane window.

The desktop computer,

which gets excessive use since all call reports are written on it, is housed in this
room.

The monitor is Energy Star rated.

The station’s call radio is located in the

computer area of the living room and has no Energy Star rating.
The last room in the station is the workout room, which was originally not
built as part of the air conditioned environment, but was remodeled into its

current use in late 2007as part of the temperature controlled environment.

This

room has no windows, is south facing but has doors leading to the bays (which are
not climate controlled during the summer).

Set into those doors are louvers that

act like air return vents, allowing air from the heated bays, as well as diesel

exhaust from the departing and returning fire trucks to enter the climate
controlled station.

The doors leading to the bays from the work out and bunk rooms were
originally manufactured for indoor use and made to allow air flow from one room
to the other.

They still perform this function; however air exchange is with the

non-climate controlled environment of the apparatus bays.

The door from the

living room leading to the bay is an outside constructed door and has a higher R
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value.

Iwas unable to find any indications of what the specific value was, but

when comparing it to other modern doors it seems that any R value is has is from
the density of the steel itself.

After careful analysis of the building construction, materials and site
design, I divided the analysis into two parts concerning indoor construction. Items
that are attached to the structure such as insulation, ceiling, toilets, water faucets,

plumbed gas heaters (air and water) and windows was classified as Phase One.
The second construction phase included items that plugged-in or were not
permanent like dishwashers and light bulbs.

The inside of the station is designed using a drop down ceiling method.
The drop down tile ceiling is made up of a metal grid that is suspended from the
roof using metal ties. According to Colorado Energy, a standard rating on these
tiles is less than 0.9% R factor (Colorado Energy).

Upon further examination of

the tile system, no fiberglass batting or any type of insulation exists above the
ceiling tiles. This lack of insulation means it is a very inefficient way of keeping
heat out during the summer and heat in during the winter.

Adding just a 3 inch

batting of fiberglass insulation would have increased the R value by ten times
(Colorado Energy). In fact, there were many spots in the station where the roof
was visible because of ceiling tile breakage, holes and drooping tiles. This
increases the heat gain and loss, as well as the inefficiency of the station’s heating
and cooling systems.

Returning to the observation made about the south-facing, single pane
bunk room windows provides several insights.

These windows are original to the

station and exhibits loss of all caulk around the glass and metal frame interface.
This leaves the glass so loose that when the wind blows the glass moves around
within the window frame.

Heat loss and gain from this broken seal is evident

during the summer, and there has, by necessity, been an extra air conditioning
unit added into the bunk room to keep temperatures below 85 degrees during the
summer.

The bays mentioned previously are not insulated from the roof or the
lightweight roll-up garage style sheet metal doors that keep the trucks and station
secure at night.

Unfortunately, during the winter the three bays have to be heated

by forced air gas heat, which is only 60% efficient as a gas radiant heater (Warm
Zone).

The water faucets and toilets in the station are all standard high volume
flush and flow rate.

The toilets are hardware store standard issue and have a flush

capacity of 2.5 gallons per flush versus modern efficient toilets of 1.3 gallons per
flush or less.

The kitchen and bathroom faucets were also all standard issue with

no efficiency rating or water conservation device to restrict flow.

The biggest

finding on the inside water usage involves the bathroom shower. When I pulled
the shower head down and read the specifications it was originally rated for 2.5
gpm with the restrictor installed.

I soon discovered somebody had taken the

restrictor out and now the shower head was flowing at 8 gpm.

I started the Phase Two of the inside study with lighting.

There are a

copious number of lights per square foot. There are 12- T12 fluorescent light
fixtures installed in the 800 square feet of living space. In each fixture are four T12
bulbs, which put out 60 watts each, bringing the total fluorescent wattage to 2880
watts.

In addition to the fluorescent lighting, regular incandescent fixtures are

present throughout the station.

There are six compact fluorescent light (CFL)

replacement bulbs, totaling 240 watts.

Inside the fire station, we have a total lighting wattage of 3120 watts, all of
which are based off single pull light switches, are not dimmable and are not on
motion sensors.

When fire fighters receive a call for emergency response, they

cannot take the time to turn the lights off as they leave.

Therefore, the lights just

remain on, burning up to 3120 watts while the station is unoccupied. The addition
of motion sensors would be a small investment that would result in a big savings;
unfortunately, there are no funds in the budget to install new equipment for this
station.

While there is plenty of artificial lighting in the station, there is very little
natural lighting anywhere other than the bunk room.

Even during the peak sun

hours of summer, an electric light source must be turned on to illuminate the
station.

This could easily have been remedied with a skylight.
Another issue focused on green building design processes is the indoor air

and environmental quality.

In its current state the building design has no way of

allowing for outside or clean air exchange other than by manually opening
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windows.

While this solves the issue of air exchange, for most of the time in Texas

it means letting heat in. Another environmental negative about this station is that
all of the floor tiles are made from asbestos and because the cost of removing
them properly is so high, they are being left in place.

Heating inside the station is accomplished by way of central gas forced
heating.

Although there may be more efficient ways of heating, this system

effectively heats the station.

There was no rating system on the central heating

unit.

The two most significant issues about this building as far as resource and
carbon reduction is concerned are water and electricity usage.

Haltom City,

along with many other cities across Texas, joined Texas Coalition for Affordable
Power, a coop-type system to get electricity at a cheaper price.

This price-driven

organization has no options for using power generated from alternative means
and derives all of its electricity from coal fired power plants (TCAP).
In August of 2011, I measured all three fire stations’ electricity usage by
obtaining copies of their electric bills or statements from a city official.

For

August 2011, Haltom City Station Two had a bill of $479.95, equating to $0.13 per
square foot for electricity in this station (graph 1 and 2). While this station is very
inefficient, its energy consumption was just above that of the most energy efficient
facility, Denton, TX Fire Station Seven.

There could be many reasons for these

similar per square foot electricity usage, but it appears that the number of modern
conveniences of the newer stations increases electricity usage substantially.
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Both

modern

stations, Denton 7 and Lancaster 1, had televisions in many of the

bedrooms , three separate refrigerators for the different shifts, multiple radio
systems, and computer server rooms with back up or independent air
conditioning.

These appliances, computers, and radios add up to a much larger

electricity demand than that of Haltom City Station Two, and usage does not
correlate with efficiency.

Haltom City purchases water from the City of Fort Worth, which obtains
water from the Trinity River Authority (TRA).

Unfortunately, the water

requirements of landscaping and vehicle maintenance all come from the
municipal supply instead of water runoff from roof collection.

Water bills for the

stations were unobtainable, but analysis of toilet and shower usage clearly
demonstrates the inefficiency of this station’s water management.

Another important factor to consider in building construction is the heat
island effect.

Continual build up of urban areas decreases the amount of natural

vegetation and tree cover that exists and increases the use of concrete, asphalt
and other materials that hold heat on, in and around the buildings (EPA 2). By
decreasing the natural vegetation and increasing the heat island effect, ambient
temperature is raised between 1.5 and 5.4 degrees Fahrenheit (EPA 2). With the
heat island effect, the immediately surrounding air temperature is raised between
50 and 90 degrees Fahrenheit whereas temperatures in areas surrounding natural
vegetation remain constant with the ambient air temperature (EPA 2).

The Haltom City station has numerous conditions that increase the heat
island effect.

First, the back parking lot is made of standard asphalt tar and gravel

and absorbs heat all day.

Secondly, the station’s flat pitch roof is constructed of

asphalt paper without a heat reflective roofing material such as steel or any type
of radiant barrier built into the roof structure. The final factor that adds to this
station’s heat island effect is the amount of heat absorbent materials such as
concrete or stone.

Surrounding the station are several patches of concrete for

driveways and a decorative wall which protrudes from the station.

All of these

thermal heat sinks contribute to the gain and retention of heat during the summer,
increasing the heat island effect on the building and substantially increasing
utility usage involved in keeping the building cool.
Another aspect of green building is vegetation, which provides not only
curb appeal, but heat and water mitigation by casting natural shade on buildings
during peak sun hours of summer.

Unfortunately, the site design of Station Two

does not have any sort of shade on the west/southwestern portions of the building.
This substantially adds to heat gain during the summer when the sun hits these
sides for seven or more

hours.

Landscaping in Texas has always considered that the more green your
grass and landscaping were, the better-looking your yard was.
Station Two is no exception to this rule.

Haltom City Fire

The ornamental yard grass is comprised

of a Saint Augustine and Bermuda mixture.

Eighty percent of the St. Augustine is

located in the front yard and the remaining 20% is in the back where it does not

affect the green curb appeal.

According to Real Green Lawns and Pest Control of

Austin, TX it takes 43” of irrigation per year to replace enough evaporation to
keep St. Augustine

alive

in north/ central Texas and even more for it to flourish

and stay green (Real Green Lawns and Pest Control).

Since this region only

averages 33” per year, a significant amount of watering needs to be done to keep
the landscape green and ascetically pleasing (The Weather Channel).
Non-native landscaping plants that need lots of water to survive during the
summers of north Texas are the variegated and holly bushes found in the station’s
front yard.

Without constant watering they will die much like the grass does.

St.

Augustine grass and most of the landscaping around the station is not native to this
part of North Central Texas, increasing the water inefficiency and the continued
waste of natural resources brought about through conventional building design.
Haltom City Fire Station Two has one major aspect that gives it some
environmental conservation benefit: its small site design.

The smaller footprint of

this station means less resource consumption, less resource usage in construction,
and less environmental impact upon site deconstruction

If not for its small site design, Haltom City Fire Station Two could have
easily been the most energy consuming station (graph 1 and 2). There are a
number of ways that this station could easily be retrofitted for green features such
as motion sensors for the lights, new windows that meet Energy Star standards
and more efficient appliances.

However,

for these measures to be taken,

education about environmental and financial benefits will need to be done.
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Chapter Two

Lancaster,

Texas Fire Station One- Modern

Construction

Lancaster, Texas was settled in 1852 as a trading post and was incorporated
as a city in 1866, making it one of the oldest cities in Dallas County (City of
Lancaster, TX).

The Lancaster Fire Department was created around 1900 as a

building in the town square where they housed a hose cart and buckets (City of
Lancaster, TX).

The department operated with 12 volunteer fire fighters until 1964

when the first paid members of the department were put on fulltime status (City of
Lancaster, TX).

Today, the department consists of three stations, 55 firemen, three

engines, one truck, one battalion/shift commander vehicle and three ambulances.
Housed at this fire station are one ambulance,

an engine and a shift commander

vehicle.

The current Lancaster Station One facility replaced a structure that was
originally built in 1964 as a car dealership. The city purchased and retrofitted the
14,000 square foot building for use as a public safety building in 1983, at which
time it housed up to 7 firemen, 45 police department personnel, administration
offices for police and fire divisions and acted as the city’s main Emergency
Operations Center (City of Lancaster, TX).

Unfortunately, after the completion of

the new public safety building, instead of repurposing the old one, it was
demolished and is still a vacant lot today.

The new station, completed November 2010, was designed by TCA
Architecture and Planning in Seattle, Washington.

This particular building plan

was created not only as a representation of the City of Lancaster’s new image, but
to provide the public with the ideal of an integrated fire and police emergency
response system (TCA Architecture and Planning).

The approved and completed

design is a 46,000 square feet complex costing a total of $11 million dollars,
equating to $240 per square foot. This level of expenditure is about average for a
modern commercial structure.

The new fire station/public safety building can

house up to 11 fireman, 60 police officers, fire and police administration offices, a
dispatch center and the city’s emergency management operations (City of
Lancaster, TX).

When housed alone police and fire stations are called by their

respective names, but when they combine forces under the same structure the

common title for these buildings is Public Safety.

There is a limited amount of information available concerning the
construction details of Fire Station One, so an empirical study provided the
necessary data for analysis.

In fact, there is little data about much of this location,

except for extensive publications on the double cantilever roof overhang and the
public safety building concept.

This is an important fact to note in that it

represents the intense focus on aesthetics and combined function that was present
during the conception of this facility. The public safety building is an enormous
complex, and is one of the largest municipal buildings in Lancaster.

Its design

combines both police and fire units, so analyzing the fire station alone presented

a unique challenge for both site design investigation and data collection.

The

entire public safety complex is 55,258 square feet (Fire Chief) and is constructed
from steel trusses, sheet metal siding, concrete masonry units, and a roof

structure made of a vinyl membrane stretched over steel trusses and rigid
insulation (Gerfen).

The site design of the building is basically an elongated L-shape in an east
to west orientation.

There are two floors inside.

The middle of the complex is

occupied by the fire and police secretary offices, and also serves as the public
interface between both agencies.

Fire administration consists of four offices on

the second floor, including a conference room and the emergency management
operations center, located above the fire station portion.

When visitors enter the

lobby, the police department portion is to the left and the fire station facilities are
on the right.

On the left side of the lobby, the police station side of the building, is

a north facing window that is 200 feet long and 30 feet high.

It provides the

benefit of allowing natural lighting into the entire police station, however, the
windows are not triple paned.

This becomes energy inefficient as radiant and

convection heat exchange during hot Texas summers and cold winters causes an
increase in cooling and heating costs.

The fire station section is on the western

third of the building and has fire truck bays 5 doors wide.

The truck bays are

positioned so that the rear doors face east and the front/street side faces west.
These are arranged in a drive through layout, with a large glass rolling door at
each entrance.

The bay doors have traditional fire station style construction and

do not have any type of insulation in them.

This results in a high heat gain

threshold during the summer which large 50” floor fans have been installed to
combat.

The heating system in the bay is a very efficient radiant ceiling heater that
runs the length of the bay in three separate sections.

This type of heating allows

the heat to radiate into the flooring, walls, ceiling and everything in between,
allowing subtle and efficient heating of the bays.

This process leads to a 40%

more efficient rating than conventional forced air heaters (Warm Zone).

The

heating efficiency of this setup is decreased by the fact that emergency vehicles
are double-parked in only two of the four bays.

As a result, there is a vast amount

of open space that requires additional energy expenditure to heat during the
winter months than a more full area would.

The external station structure has a combination of CMU’s,

sheet metal

siding and a large ornamental double cantilever overhang above the reflection
pond.

The double cantilever overhang is visually prominent and is an intricate

work of art, setting the building apart architecturally from other buildings in this
city. Unfortunately, its only purpose is aesthetic design and it does not effectively
combine form with function to fully exploit the resources used to construct it. The
reflection pond was designed to have a maximum capacity of 12,000 gallons, but
due to an ongoing leak it was only three fourths full at the time of study.

The on

duty crew reported making several unsuccessful attempts at repairing it to stop

the leak, but it still needs to be filled often to keep it from running dry.

The

continued need to refill the pond is not resource or fiscally efficient.

There are 11 rooms off the main corridor that form a u-shape where they
connect to the main hallway further into the station on the north side.

Each

bunkroom has its own speaker for hearing emergency calls mounted in the
ceiling; some rooms have box fans, and about the half of the rooms have TV’s

installed.

The bunkrooms are insulated with a drop down ceiling; batting above

each ceiling tile provides a very efficient climate controlled environment.

All

lighting within the bunkrooms is done through CFL or fluorescent lights and is
connected to motion sensors that terminate power after 5 minutes of no detected
movement.

Off the bunkroom is the main locker and bath room.

In the middle of the

locker room is a large skylight that allows enough sunlight into the area that
artificial lighting is unnecessary during the day.
feature.

This is a great resource saving

The restrooms also have resource efficient aspects like the use of

efficient lighting, low volume toilets and low flow faucet aerator fixtures.

The

bathroom is illuminated with a mix of CFL and fluorescent lighting, also attached
to motion sensors to eliminate the waste of electricity when the lighting is left on
unnecessarily.
flush.

The toilets are a standard design, but only use 1.3 gallons per

While they are not designated as high efficiency toilets, they are much

more efficient than previously designed models that use anywhere from 1.6 to 3
gallons per flush (Neponset River Watershed Association).

The sink fixtures are

standard construction low volume models with restricting devices in place that
reduce water flow by up to 30% over non-efficient faucets without losing
functionality (Water Sense).

The kitchen has several notable energy efficient features.

The commercial

oven and stove top are both powered by natural gas, an effective alternative to
electricity powered cooking appliances.

In this fire station, like most modern fire

stations, each shift has its own refrigerator built into the design of the kitchen.

The

refrigerators were new at the time of construction and are Energy Star rated,
meaning that they run efficiently, but each refrigerator was only partially full or
mostly empty.

This somewhat negates the effectiveness of energy savings in that

more electricity is required to cool a large empty space than a fuller one.

The

kitchen ceilings are constructed of the same drop down, insulated tiles found in
the rest of the station.

There are two dishwashers located on either side of the

kitchen sink and both are Energy Star rated.

The sink is the most resource

inefficient feature in the kitchen; it has a high flow fixture with no water restriction
device visible.

The dayroom is the area where most of the daily activities take place and
are often the most lived in. In the dayroom features a large flat screen TV, which
is frequently in use.

The room is quite dark during the day, but does have two

windows on the west side that face the front of the building.
double pane and energy efficient.

These windows are

The lighting in this room consists of overhead

fluorescent fixtures that typically reduce energy usage, however the models used

in this room are designed to provide indirect lighting.

While this produces a

softer type of lighting, a greater number of lights are needed to illuminate the
room than if direct lighting was utilized.
The workout room is directly across the hallway from the dayroom and is a
necessity for fire stations.

One remarkable electrical use in the workout room was

the number of box fans required to circulate the air. In any gym environment air
movement is beneficial and desired.

Four fans were required to keep the room

somewhat cool, indicating a lack of efficient central climate control.
area also consists of several pieces of electric workout equipment.

The workout
The stair

climbers, treadmills and elliptical machines used here all use electricity, even in
the off/standby mode.

This room, like many others, is fitted with motion sensors

to shut off the overhead fluorescent lights when they are not in use.

The command staff area of the station is in close proximity to the workout
room.

These offices utilize motion sensors to prevent unnecessary lighting of

empty rooms and CFL and fluorescent bulbs and fixtures.

These rooms not a part

of the fire station proper, but demonstrate how large this building really is.
Outside Lancaster Station One are several features that are notable.

The

rear of the building is secured by electric gates that open and close via keypad or
remote control.

Entrance from either the west or the east side of the employee

parking lot reveals what appears to be a missing section of cement in the middle
of the lot. This gap in the concrete is actually a working heat island and water
mitigation feature of the parking lot design.
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This feature reduces thermal mass,

decreasing the amount of heat absorbed by the concrete during the day, and
allows rain water to drain into the ground, returning to the water table instead of
the municipal sewer system.

It is built using corrugated concrete filled with

gravel that was topped with Bermuda grass for aesthetic purposes.

Also present

on the outside of the structure are high concentrations of non-native landscaping,
shrubs, and ornamental lawn grass.

All of these are watered via an automatic

sprinkler system using water obtained from the municipal supply.

No water

reclaiming features were noted during the study.

Scanning the back of the building reveals a large amount of steel that was
used in the construction process including siding, carports, and design features
like the double cantilever overhang.

Unfortunately, no information was available

indicating whether or not the steel was newly formed product, reclaimed or
repurposed.

Inspection of the roof showed that the low lying parts of the roof are

made of a stretched vinyl membrane over steel trusses and that the highest, nonaccessible portions of the roof are constructed of steel sheet metal.

The use of

sheet metal helps mitigate heat gain by reflection and lessens cooling
expenditures considerably (EPA 2).

Probably the most noteworthy item about Lancaster Fire Station One is its
electricity usage.

A report from the city recorded a bill totaling $11,314.06 for

electricity usage in the month of August, 2011.

When examined per square foot,

this station’s electrical cost was 0.25 cents per sq foot, almost double that of
Haltom City Station Two (graph 2). It is extremely remarkable that a modern

building with a number of energy efficient designs could be such a massive
consumer of electricity.

In addition to the enormous levels of electricity

consumption, all of this energy comes from the Texas Coalition for Affordable
Power.

This is the same coop that Haltom City belongs to, and, as stated earlier,

the Coalition does not include renewable sources; it only uses coal fired power
plants to produce electricity.
Another observation concerning this facility is that neither side of the
public safety complex recycles everyday refuse.

This means that all of the waste

output from both stations contributes to the load placed on the municipal landfill.
This facility was designed to incorporate modern appliances and amenities
into a 24 hour functioning facility. Although several resource conserving features
were integrated into a building created using the modern construction model,
many aspects of its energy and water usage are not environmentally conscious.

Chapter Three

Denton,

Texas Fire Station Seven- LEED

Certified Construction

The city of Denton, Texas was formed in 1857 when

100 acres were donated

by Hiram Cisco, William Woodruff and William Loving in order to form a city that
could accommodate the county seat (Odom).

The Denton Fire Department had its

beginnings in 1878 when the population was just under 1,200 residents.

The

original fire brigade was comprised of a few water buckets and was staffed in the
William Minor Blacksmith Shop on the town square where the current post office
resides (Cochran). In 1876 a hand-drawn hook and ladder truck was added to the
department.

This change propelled the department into the next phase of

advancement with the purchase of a La France steam fire engine in 1882
(Cochran).

Just prior to 1900, the department used a volunteer only status, but in the
early part of 1900 the department hired its first paid drivers for the engine
(Cochran).

Into the 1920’s the department increased numbers of both paid and

volunteer status until sometime in the mid 1940’s when the department converted
to employing only paid career firemen (Cochran).

Currently the department is

manned by 169 paid firemen and all calls are run from seven stations.
station is the one examined in this study, Denton, TX Fire Station Seven.

The newest

The LEED certification process requires facilities to meet rigorous
standards and is to date a rare achievement for commercial buildings and even
more so for fire stations.

Because of this there was more information available on

this station than the other two combined.

This provides more detailed and

precise data to integrate into this empirical study.

Battalion Chief Brad Lahart of

the Denton Fire Department was paramount in supplying this information and was
a driving force in promoting the green building concept.

Station Seven, completed in August of 2007, is Denton’s newest station and

currently houses Engine Seven, a bomb squad truck, a reserve ambulance, two
brush trucks, a reserve engine, a light and air truck and 4 firemen on duty 24
hours a day, 365 days a year.

The station was designed by Kirkpatrick

Architectural Designs of Denton, Texas and certified as the first LEED fire station
in Texas and the second Gold LEED in the nation receiving 42 of the necessary 39
points required for achieving Gold status (North Texas Green Council).

The layout of the station, including the truck bay, is a short L-shape with the
front of the station facing north, the bays on the east, and the bunk rooms running
in a U-shape on the southwest corner of the building.

The station house and

apparatus bays combined are 15,575 square feet, with a total construction cost of
$3.27 million dollars, or $210 per square foot.

Construction materials included

local stone, brick and metal roofing, of which 98.5% was manufactured within 500
miles, 51.7% was extracted within 500 miles of the City of Denton and 32.7% of
building construction materials was from recycled material (Lahart).

The four bays, which are double length and have a drive through design,
have glass doors, decreasing the need for artificial lighting.

They face the front of

the station and have insulated doors facing the rear of the station.

The bay is well

insulated by its roofing materials, exterior walls and rear bay doors, and properly
ventilated for cooling in the summer.

The station is also designed to have

improved air quality in the bays in order to increase employee health (Lahart).
The ventilation system is monitored by a carbon monoxide alarm; when sensors
detect lower limits of clean air the ventilation system automatically turns on and
evacuates the toxic fire truck exhaust outside.
turned on via a switch on the wall if needed.

Also, this system can be manually
This is the only station studied that

had indoor air monitoring during and after construction (before occupancy), as
well as having a carbon monoxide detection system in the bays.

All of these

features are constantly in use and are important points in obtaining LEED
certification (Lahart).

The four bays are heated using forced-air propane, but the

thermostats are kept around 50 degrees, just high enough to keep equipment and
supplies from freezing.

The last rooms outside of the climate controlled environment are the air
pack/ SCBA (Self Contained Breathing Apparatus) room where air bottles are
filled from an air compressor and out of service packs are repaired.

All lights in

this room were either CFL or fluorescent bulbs and are on a motion control
sensor.

The second room just across the hall is a work room where fire fighters

can repair tools, or do station projects; it is similarly equipped with efficient
lighting.

The constant climate controlled part of the station starts with the main bunk
room which consists of ten individual rooms.

Each room has ceiling fans to help

reduce the energy consumption from cooling and heating by circulating air flow.
This use of ceiling fans allows the occupant to feel up to 4 degrees cooler in the
summer and vice versa in the winter (US Department of Energy). Another great
addition to the bunk rooms is that every room has an operable window.

This

allows more temperature regulation, fresh air flow and improved tenant mood

and productivity due to exposure to sunlight.

Amount of access to daylight is

actually measured as part of the LEED certification process.

At this station 94.3%

of all rooms have adequate natural light (Lahart).

The ten bunk rooms form a U-shaped corridor around the five centrally
located shared firemen bathrooms that form the middle of the U. The bathrooms
all have high efficiency toilets and low flow shower heads (less than 2.5 gpm)
which lead to 30% reduction in water usage throughout the station when
compared to usage from conventional water flow devices (Lahart).

Another

feature that needs to be mentioned about the bunk rooms is that they, as well as

the rest of the station, are coated with an energy efficient glaze that decreases
radiant heat transfer in the summer, resulting in less heat gain in the summer and
lower demand on the cooling system (US Department of Energy).

Since the dining and kitchen side of the building has western exposure, the
windows and exterior doors have awnings to block the sun from hitting the glass.
The glass is tinted with energy efficient radiant barrier and this combined with the
awning-created shade further reduces heat load transfer (US Department of
Energy).

The kitchen has a standard set up with a dishwasher that is Energy Star

rated, commercial oven and stove that runs on propane and low flow sink fixtures

which contribute to reducing the consumption of municipal water.
The focus of the dayroom is a large TV.

All artificial lighting in this room is

provided via CFL or fluorescent bulbs and there is ample natural lighting from the
windows.
computers,

Off to the east side of the day room is the radio room where several
call radios, and other electronics are kept.

The monitors on the

computers are Energy Star rated and are energy efficient.

In the northwest corner of the building are the community and police rooms
which are access controlled, secured and separate from the station.

In the front of

the station closest to the public entrance on the left are two private bunk and bath
rooms.

These are for the station officers and are equipped with the same energy

conserving features that the other ten bunk rooms have.
There are five major features outside the station that are noteworthy: heat
island mitigation, landscaping, water runoff collection, alternative transportation

to reduce the carbon footprint of the employee and citizen transportation needs
and geothermal heating and cooling.

Heat island mitigation is achieved through

two methods, the use of reflective radiant metal roofing material and porous
pavement for the employee parking lot.

The heat island effect allows heat to build up around buildings due to the
thermal potential mass of concrete.

This is a problem that is mostly unaddressed

by the other two fire stations used in this study.

The heat island effect was

partially mitigated in Denton, TX Fire Station Seven by using a porous gravel
paving system called Gravel 2 Pave to pave the employee parking area.

By

utilizing materials with less mass than concrete, heat can dissipate quicker from
the area and also allow groundwater runoff to filter back into the water table
instead of into sanitary sewer system.

Secondly, using sheet metal as roofing

material allows radiant reflectivity of the suns energy and heat, decreasing the
heat load placed on the station and the surrounding area (US Department of
Energy).

A large part of other fire stations’ municipal water consumption is used for
irrigation of the landscape.

This is not the case with Denton Station Seven.

As part

of obtaining LEED certification, all landscaping around the station is considered
Xeriscaped and does not require water from an external source after a two year
root establishment period (Lahart).

Xeriscaping is the art of planting a drought

resistant landscape that can maintain itself in the environment and climate in
which it is planted (Earth Easy).

Another water conserving aspect of the outside

irrigation system involves the four 5,500 gallon water cisterns.

These cisterns are

situated on the four corners of the station, collect rain water runoff from the roof

and store and distribute it to all outside hose bibs and irrigation systems.
Another environmentally conscious feature of this facility is the commitment
to alternative modes of transportation that are offered by the station as part of the
LEED certification process.

In front of the building is an electric vehicle charging

station which any visitor can use during their visit. This is a wonderful way to
integrate green technology with citizen public safety.

The station also received

more alternative transportation points because bike racks are placed outside the
front of the station.

The third feature concerning alternative transport is the

availability of public transport.

Denton County’s servicing agency is called SPAN,

buses stop close to the station, and serve to decrease vehicle emissions and reach
toward a greener future.

The final system outside the facility that decreases this fire station’s carbon
footprint is the energy saving geothermal heating and cooling system.
Geothermal heating and cooling uses solar energy transmitted through the
ground where the heat is stored.

In the winter when the ground is warmer than

the surface, a series of fluid filled tubes are warmed through transfer of stored

heat which is then transported to the inside of the building and vice versa in the
summer.

This process is 70% more efficient than standard heating and cooling

methods and gives 500% more value than a similar conventional system
(Geocomfort).

Denton Fire Station Seven is the first commercial account of Denton
Municipal Electric to utilize all green power (Lahart).

This power is generated

from the Wolf Ridge wind farm in Munster, Texas and also utilizes turbine
generated electricity from methane off-gassing produced in the city landfill
(Denton Municipal Electric).

Denton Station Seven is also the first commercial

solid waste client in the city to recycle their construction waste (Lahart).

In the

process of building, 77% of all construction waste, which totaled up to 207.4 tons
was diverted to recycling facilities (Lahart).

Of the 207 tons of diverted waste,

103.45 tons were concrete, 65.74 tons were masonry,

1.8 tons were wood,

4.76

tons were drywall, 10.35 tons were steel, 15.36 tons were paper and cardboard,
6.17 tons were plastic and 0.11 tons were aluminum.

Throughout the entire

construction process only 62.14 tons of material was not diverted for recycling
(Lahart).

The LEED certification process is a good program to help the construction
industry provide guidelines for the green building process.

The city of Denton

has made Station Seven a flagship model for the rest of the world to see how
beneficial for the environment, employees, citizens and city economy green
construction can be.

Through examining green buildings like this fire station, the

ease of building a truly green fire station as well as the economic and social
benefits of doing so, is clearly demonstrated.

Chapter 4

Conclusion

Over the past six months I have studied three fire stations: Haltom City, TX
Station Two, Lancaster, TX Station One and Denton, TX Station Seven.

I have

shown in this study that using green building principles such as those involved in
obtaining LEED certification, we can reduce the impact on our environment and

increase fiscal responsibility.

The green building model not only applies to new

construction but remodeling and retrofitting of all fire stations.

By greening our

fire stations we send a message to the community that this building is a flagship
for the core values of the city, its citizens, and that environmental and fiscal

responsibility are paramount values.

Although Haltom City Station Two was the oldest and second most energy
inefficient station studied, it had several beneficial environmental aspects.

The

site design was small which kept the carbon footprint low, but the overall design
and efficiency was highly ineffective.

Small improvements such as new windows,

motion sensors for the lights and insulation would be great strides towards
greening this station.

When studying the Lancaster, TX station, the modern and unique
construction of the building and its double cantilevered roof were obvious
construction focal points.

The roof beam added aesthetic value to the facility, but

cost $400,000 to construct (City of Lancaster, TX) while serving no functional
purpose.

The rate at which this building design and its occupants consume

electricity is more than double that of Denton, TX Station Seven and nearly double
that of Haltom City, TX Station Two.

Another factor to consider at the Lancaster

facility was the excessive use of new construction materials and the focus on
building design which gave it the highest per square foot cost of $240.
Making this station more energy efficient would be very costly, but the
addition of features like geothermal heating and cooling would be very
beneficial.

Additionally, installing a medium-sized wind turbine in the back

acreage would offset some of the electricity that is currently supplied from the
Texas Coalition for Affordable Power (TCAP).

Denton Station Seven was actually the most challenging facility to study
because the amount of information available on it was much greater than that
available for other stations so that Station Seven'’s data had to be compressed for
purposes of this project.

Being the most energy, resource, and fiscally

responsible station made an impression on me as to how achieving LEED
certification and being more environmentally aware can reduce our carbon
footprint.

I commend the employees of the Denton Fire Department and its

citizens who allowed this model of efficiency to be a flagship of green
construction for the rest of the fire department community.
In conclusion, the green building model has obvious advantages over
modern standard construction methods,

many of which were examined in this
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study.

If every reader of this study could somehow promote making areas of their

fire station, police stations, parks buildings, or other commercial buildings a little
more energy efficient then this study will have served its purpose.

I challenge

every person reading this to go to their local fire station and find out what the
building design is and whether or not it was built using a green model of
construction such as LEED.
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FIRE CHIEF Magazine Announces Winners of 10th Annual Station
Style Awards
Oct 20, 2010 4:40 PM

FIRE CHIEF recently announced the winners of its 10th annual Station StyleFire Station Design Awards program,
which recognizes outstanding architecture and design from fire departments nationwide. A panel of four fire

chiefs, one firefighter/architect and two architects awarded gold, silver and bronze honors in six categories:
volunteer departments, career departments, satellite stations, shared-facilities, renovated fire stations and
training facilities.
The winning stations reflected the changing response roles of fire departments across the country. Fire sprinklers,
meeting rooms for the community and fitness areas have become standard in this year’s entered facilities. There
is also a significant increase in LEED certifications in emergency response departments. These exciting facilities
support the demand for quicker all-hazards response, the integration of diversity into stations, and an added
focus on firefighter health and safety.
The winning entries are listed below.
Volunteer:
Gold: Whitchurch-Stouffville Fire Department Headquarters, Stouffville, Ontario;

Thomas Brown Architects Inc.

Silver: Southeast Volunteer Fire Station No. 1, Houston; Brown Reynolds Watford Architects
Bronze: Great Barrington (Mass.) Fire Station; Pacheco Ross Architects, P.C.
Career:
Gold: Fremont (Calif.) Fire Station No. 11; WLC Architects, Inc.
Silver: Escondido (Calif.) Fire Station No. 1; Jeff Katz/Jeff Katz Architecture
Bronze: Tucson (Ariz.) Fire Central; WSM Architects Inc.
Satellite:
Gold: Sugar Land (Texas) Fire Station No. 1; Wiginton Hooker Jeffry Architects
Silver: Flower Mound (Texas) Fire Station No. 4; Wiginton Hooker Jeffry Architects
Bronze: Elmhurst (Ill.) Fire Station No. 2; FGM Architects Inc.
Renovation:
Gold: Seattle Fire Department Fire Station No

17; Bassetti Architects

Silver: Dallas Fire Station No. 10; Brown Reynolds Watford Architects
Shared Facilities:
Gold: Southlake (Texas) Department of Public Safety Headquarters; RPGA Design Group Inc.
Silver: Upper Arlington (Ohio) Fire Station No. 72; CR architecture + design
Bronze: Lancaster (Texas) Public-Safety Building;

7CA Architecture Planning Inc.

Public Safety Building Cantilevered Roof
By:Katie Gerfen

Public Safety Building Cantilevered Roof

Lancaster, Texas, a sleepy suburb of Dallas, is hardly where one expects to find highly engineered
public buildings. But the recently completed Lancaster Public Safety Building, designed by
Perkins+Will, is just that, a combined fire and police station with a 50-foot roof extension that is not a
single, but a double cantilever.
The design team created four schemes, all of which combined the two departments into an L-shaped
building, and all exploring ways both to create a strong presence from the adjacent highway and to set
the structure apart from the other public buildings on site. The winning scheme featured the signature
roofline.

Luckily, the design team found a series of local allies who were determined to push the cantilever
through. “We were fortunate, not only to have an ambitious city manager,” Perkins+Will design
director-principal Nick Seierup says, “but we also had two guys that ran the police and fire department
that very much appreciated the forward-looking building.”
Those local champions were key, because whenever a question came up about cost-cutting, the first
thing people looked to was the extensive, and expensive, roof structure. “When there were budget

crunches,” says Kent Pontius, an associate in Perkins+Will's Dallas office, “the clients were extra
protective of the overall design.”
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The first cantilevered element is the solid piece of roof that extends out over a recessed volume along
the sidewalk. This then supports the front edge of the far more extensive second cantilever—a posttension castellated beam system—that projects 50 feet over a reflecting pool. The steel members
required for this larger projection reach up to 110 feet in length, and cables anchored in the building
structure keep the beams in place. The additional internal structure is fairly minimal, with the beams
infilled by metal studs and sheathing that act as a substrate for the Centria Formabond

panels

cladding the visible areas. The top is a PVC roofing membrane over rigid insulation.
The team made the decision to create a cut-out in the overhang because it would have been
impossible to support a solid structure. But the engineers at Dallas-based L.A. Fuess Partners still had

to contend with the building geometry, which dictated that none of the cantilever's connecting points
formed a true right angle.

This building would be a coup for any public agency, and especially at this fire and police department,
which had been operating out of a dark rehabbed autorepair shop that had been hit by both floods and
tornadoes. “Without exception, they're all just thrilled with [the new facility],” says Pontius.
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