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What is NCTCOG?

The North Central Texas Council of Governments is a voluntary association of cities, counties,
school districts, and special districts which was established in January 1966 to assist local
governments irplanningfor common needsgooperatingfor mutual benefit, anccoordinating

for sound regional development.

It serves a 1@&ounty metropolitan region centered around the two urban centers of Dallas and
Fort Worth. Currently the Council ha88 membersincluding 16 counties, 169 cities, 22
independent school districts, and 31 special districts. The area of the region is approximately
12,800 square mileswhich is larger than nine states, and the population of the region is over
6.5 million, which is larger than 38 states.

NCTCOGstructure isrelatively simple; each member government appoints a voting
representative from the governing body. These voting representatives make upeheral
Assemblywhich annually elects a #ember Executive Board. TExecutive Boards
supported by policy dealtopment, technical advisory, and study committees, as well as a
professional staff of 324.

NCTCOG's offices are located in Arlington in the Centerpoint Two Building at 616 Six Flags Drive
(approximately onéhalf mile south of the main entrance to $ibags Over Texas).

North Central Texas Council of Governments
P. O. Box 5888

Arlington, Texas 76005888

(817) 6463300

North Central Texa&reen Infrastructire Guidebook May 2017

Abstract: The North Central Texas Council of Governments (NCTCOG) created this guide to aid
city engineers, plannersievelopers, decisiemakers, and other transportation and

development professionals in assessing their choices when integrating igifesstructure

practices into roadway, sidewalk, parking lot, and trail projects. The guide focuses on green
infrastructure techniques relevant to the transportation industry. These include permeable
pavement and bioretention as well as sustainable choices such as¢hef recycled materials

and energyefficient lighting. As a foundation for this guide, NCTCOG examined brbiom

and outof-region case studie® providerealworld costs, maintenance requirements, lessons
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This guide supports the work that NCTCOG and its regional partners undiereadisting

programs suclasthe Sustainable Development Funding Prograich addresses air quality,
congestion, and qualitpf-life issues; the Green Initiativ€ogramwhich promotes the use of
green or sustainable infrastructure to aid in the reduction of caremissions, urban heat

islands, and stormwater runoff; the Regional Stormwater Management Program, which aims to
manage stormwater quality issues affecting the regibe;integrated Stormwater Management

6 A { 2 and TransportationntegratedStormwaera I y I 3SY Sy i , WhiciNdssise a » 0
cities and counties in achieving their goals of water quality protection, streambank protection,
and flood control and Texas SmartScape, an educational program with the §oahsening

local water supplies and improng stormwater runoff quality.

NCTCOG mai nt ains tr ade miategkated Stgohrtnswaotne rt hivea ntaegrenrmse niit , 6 A i !
All rights reserved.
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INTRODUCTION

Why This Guide Was Developed

The North Central Texas Council of Governments (NCTCOG) created this guide to aid city
engineers, planners, developers, decisioakers, and other transportation and development
professionals in assessing their choices when integrating dnéestructurepractices into

roadway, sidewalk, parking lot, and trail projects. The information in this guide may complement
Complete Streets policies and practices, which aim to enable safe access for all users, regardless
of age, ability, or transportation mode.

This guide focuses on tHellowingtransportationrelevant green infrastructure elements:
Energyefficientlight-emitting diode(LED) andenewableenergylighting

Recycled construction materials in roadways and trails

Cool pavements

Green trail materials

Green stormwater infrastructure (GSl) technigues such as permeable pavement and
bioretention, and structural support for trees

=A =4 =4 =8 =9

By examining the costs and benefits of green infrastructure practices, the guide aims to provide
keyinformationfor making sound decisions related to the following factors:

9 Longterm cost effectiveness
1 Community improvement
1 Environmental impacts

While this guide will help provide a foundation for assessing these green techniques and
practices, professionals will stileed to evaluate their particulatevelopments and
infrastructure requirementso determine the most effective approach.

Guidance and technologies may evolve over time. This guide is not meant to beta how
manual. It does noprescribe one method or proprietary brand over another. It neither ventures
into design (such as roasidth requirements or clustering development) nor attempts to
include every best practice.

How This Guide Was Developed

In the development of thiguide, NCTCOG reviewed current research and literaiaged to
the topics in the guidelo present a more comprehensive picture of reairld costs and
benefits, NCTCOG also gathered and analyzed information from case studiekngnprojects
both in the region and across the natidrhe list of case studiedong with a map of their
locationscan be foundn Appendix A.




The case study contacts provided information as responses to a questionhhgteof the case

study contacts and copy otthe questionnaireare available inPAppendix A. Some case studies
furnishedNCTCOG witproject literature and articles as additiahresourceswhich arealso

listed in Appendix AWhennecessary, further information was collected by NCTCOG via

personal communicatiorCase studies are denoted iti KS 3dzA RSQa GSEG 6AGK 06 NI (
Ol 4S8 aildzRe vy dz2JE & MEir fistde@fencdn@achisection.

The Need for Green Infrastructure

Our region is developing rapidifkccording to recent U.S. Census Bureau estimates, the Dallas

Fort Worth-Arlington metropolitan area added more residetisn almost anywherelsein the

nation (more than 131,000 people from July 1, 2013, to July 1, 2014), behind only Hduston
WoodlandsSugar Landasreported by the Dallas Morning News LINJA £ H nHowstort NIl A Of S &
Area and DallaFort Worth Topb I (i A 2 Yy QENZE ¢ & KTBifgagicivih i éxpected to

O2yAydz$Sed ! OO2NRAY3 (2 b/ ¢/ hDQBortWarthn 5SY2 3N LIKA (
Metropolitan Planning Area can expect to almost double its number of residents and jobs from

2010 to 2040.

Whilethis expected growth may be beneficial in many ways, the development required to
FOO2YY2RIGS GKAA INRPGOK gAff AYLI OG GKS NBIA2YyQ:
Development can deplete natural resources, create urban heat isfandks) decrease air

guality, and generate additionatormwater runoff, which leads to an increase in flooding,

erosion and sedimentation, and water pollutidfor more detail®n the expected growth and

its impacts see Appendix B.

However, the use of sustainableegn elements either integrated with orin place of gray
infrastructurer can help the region cope with some of these challenydsile the expected
growth will bring more development, including new and retrofittedrisportation
infragructure, it will also bringhe opportunity to move toward sustainable green choices.

Potential Benefits of Green Infrastructure

Incorporating green approaches can provaldstantial social, economic, and environmental
benefits.According to research conducted by the Center for Neighborhood Technology (CNT),
the U.S EnhvironmentalProtection Agency ECONorthwest, and NCTCOG, the use of green
features can:

1 Reduce costdGreen practices are not always more expensive than traditipretices.
If initial costs for green practices anigher,thesecosts may be offset by longerm
benefits For example, the higher construction costs of installing modular structures that
reduce soil compaction and support large tree growth mayjatefor a substantially
increased tree lifespan and decreased maintenance c@sten practices caalsocost
less than traditional practices initialffor example, wherisSkverts the costs of
traditional stormwater managemeptor they may reduce cdas in other waygsuch as
reducing the costs of irrigation with droughtiapted planty Costs and benefits will
depend on unique factors such as soil type, hydrology, availability of items, and so on.
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Costs are also affected by circumstances such asithertyironment, and whether the
green product is new andthus perhaps expensive or challenging to find. An overview
of challenges related to cost analysis can be found in Appendix C.

Reduce urban heat stres&reen transportation practices such as expanded tree
planting and conservation as well as cool and permeable paving applications can help
lessen theurban heat islandeffect by cooling and shading urban neighborhoods.
Improve air quality.Urban vegetation removes pollutants from the &reen practices
that reduce temperatures can mitigate smog and ozone formation.

Increase pedestrian safety aricdhprove public health.GSltechniques such as

introducing curves and reducing street widths can slow traffic. Pededhiemdly
landscapes can promote physical activity. Cooler temperatures and cleaner air can also
dramatically improve health for childn and the elderly.

Reduce consumption of energy resourcd&y using precipitation where it falls, the
energy required to import, treat, and distribute municipal water could be significantly
decreased. The use of cool pavements and increased tree caoojy also decrease
energyuse Implementirg energyefficient light fixtures may save money in the long
term. With solar panels, the region can harness renewable resources.

Reduce erosion and the risk of flash floodacreasing infiltration, evapotranspition,

and storage of rainwater close to where it falls will reduce runoff and flooding.

Improve water quality.Vegetation, natural drainage, and other green infrastructure
practicescan decreasegllutant loadsby treatingwater that would otherwise run off.
Increase groundwater recharg&Vhen transportation projects incorporat8Skuch as
permeable pavement and rain gardens, impervious cover is redudedh of the
rainwater that falls on ouroadway surfaces and parking lots could infiltrate soil,
reducing localized flooding and recharging groundwatdthough manyGSipractices

were first developed in temperate regions, their potential to help conserve water may
be even more relevant in arahd semiarid climatesaccording tahe 2010 EPA report
GDNBSY Ly TNI &G NHz&idl GiBtesAAdaptindNiiinBvativeySR rmivaey A
Management Technigues to the Watkimited West® ¢

Reducewaste and reduceonsumption of ratural resourcesConstructing roadway
projects with recycled materials can reduce the amount of construction and industrial
gl aadsS Ay fFryRFAffa YR f&a2 NBRdzOS GKS NBX3IAZ
Improve aesthetics and build communitiekandscaping can beautify neighborhoods,
which can create a unique sense of space and promote neighborhood interaction. It can
also provide wildliféhabitat

Create the potential for economic developmenimproved aesthetics can potentially
increase economic development, aad increase iproperty valuesn a floodplainmay
resultfrom onsite management of stormwater.




GREEN ELEMENTS

Top left Pervious pavers used buth Mainreconstructionparkinglot, Carrollton Texagsource:
Studio39) Top rightBiofilteringstreet at the Dallas Urban Reserve, Dalleexagsource:Kevin Sloan
Studio) Bottom left: LED streetlight fixtarin the Oncor pilot, DallaSort Worth Metroplex, Texas
(source: Oncor). Bottom righteRycled rubber path on the Katy Trail, Dalléexas

Overview

Potential benefits
Limitations/considerations
Costs andife expectancy

1  Energyefficient and renewableenergy
lighting

Recycled construction materials
Coolpavements

Trail materials

= =4 -8 -
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Green stormwater infrastructurepermeable
pavement,bioretention and infiltration
practices and structural support for trees




SECTION EnergyEfficient andRenewableEnergy Lighting

1.1  Background

Before discussing energpfficient and renewablenergy lighting, its useful to provide some
background on energy needs amastage or inefficient use of energy

¢KS ¢SElFa / 2YLIW NRTt t SENargy Repostres tHat(TexhsOn@uindgyfribrd Q 1 nny
energy than any other statdue toits heavy industrial base, hot climate, and large papah.

I & ¢<péplladtieh has increased, so too has its demand for electrigitth population and
energy demand are projected to continue their strong growth in the future.

Doing more with less seems both feasible and affordasieiemand for power rapidly increases
energy prices rise, aralvareness of environmental and energy security concertreasesthe
report continues According to the.S.Department of Energy (DOE), much of the energy that
the United Statesurrentlyconsumes is wasted through transmission, heat loss, and inefficient
technology resultingin unnecessary energy spending and increased air pollution.

Increasing the use of reliable, energfficient technologies and renewable energy prowde
opportunities for the North Central Texas region to continue to grow and support a robust
economy moe effectively.

1.2  EnergyEfficient Lighting: LighEmitting DiodegLEDS)

2 KFG Aad SySNHeée STFFTAOASYOEK ¢KS LYGSNYyFdAz2ylt 9y
way of managing and restraining the growth in energy consumgtion L ¥ | LINR RdzOG 2 NJ i
delivers either more service for the same energy input or the same service for less enpergy

it is energy efficient.

In recent years, many energpfficiency lighting programs have moved away from conventional
technologesandtoward light-emitting diodes (ED¥ The North Central Texas region has
shown interest in LEDs for several years. A few examples are included below:

T ' RSOIFRS 323 GKS NBIA2YyQa (ONFXyaLRNIlFGAZ2Y LR
Organization bgan work on a regional plan to convert existing traffic signals to light
emitting diode (LED) lamps in the North Central Texas Ozone Nonattainment Area. It
achieved its goal of 90% deployment by May 2006.
1 In 2009, the Town of Fairview joined the Cree initiative, installing 82 LED
streetlights on its Fairview Parkway in an effort to reduce maintenance costs, improve
safety, reduce light pollution, and reduce energy consumption.
T LY HamnI hyO2NRa [ 95 Evaldatos prdgimfosiDjwasi t 24 | yR ¢
implemented to assed$ie ability of various LED streetlightsftonction in the unique
weather conditions of North Central Texas. More than 500 LED streetlights from various
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manufacturers were installed in Cedar Hill, Dallas, GRuadtie(see Figurd), North
Richland Hills, and Plano. The program was then expaind2@ll to include Colleyville
using LED post tops

Figurel. Main Street,Grand Prairieafter LED installation.
Source Oncor, 2012.

As seen in the below chaffeigure 2) LED technology (bottom blue bar) possesses great
efficiency potential.

Incandescent
I Bare Lamp or LED Package I
| * Includes integrated LED
——— lamps and LED luminaires
Compact Fluorescent (CFL)
—
b —
Linear Fluorescent
e——
o High-Pressure Sodium (HPS) s . |
Metal Halide | |
|
P S S S S S vl Sl |
+ t + } } } t 1
0 20 40 60 80 100 120 140 160

Approximate Efficacy (Im/W)

Figure2. Approximate Range of Eféncy of Common Light Sources.
Saurce: U.S. Department of Ener@013.
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lighting products such as LEDsmatnyet compete with their conventional counterparts on a

first-cost basispther features includingheir directional outputandlong lifetimehave proved

attractive enough tanake them competitive in applications such as streetlights and parking

lots.

In recent years, the switch to LED streetlights has become increasiiaglgpread With a

sizable installation that mayavehelpedreduce costs and improwechnology, the City of Los
Angeles replaced more than 140,000 streetlight fixtures with LED units and a remote monitoring
system over a fouyear period that began in February Z2D0n July 2009, Fairview became the

first town in Texas to have a stredtdintirely by LED streetlightaccording to a Cree press

release Starting in 2010, several cities in the Dafast Worth Metroplex area participated in

an LED pilot program with Oncor, installing 540 streetlights. That saményaaother part of

the country, the MidAmerica Regional Council (MARC) began the Smart Lights for Smart Cities
initiative, installingmore than 5,700 streetlightith high-efficiency technologias mostly

LEDR in 25 Kansas City area communitia®2013 MARC reponbted. According to &orbes

article, the City of Las Vegas outfitted more than 40,000 streetlights with LED fixtuvésrch

2013 and amonth later, the City of Austin announced it would install 35,000 LED streetlights.

Accoding to theEnvironmental Protection Agen@P4, improving energy efficiency is a prime
constructive and coseffective way to deal with high energy prices, energy security, air
pollution, and climate change.

The EPA and IEA report that improving epegtficiency can:

1 Improve air quality by reducing greenhouse gas emissions and other pollutants

1 Reduce costs, both when compared to investing in new generation and transmission
lines aswellaswhe® 2 y & A R S N ghargylsiNiBgR dadiiatedto conventional
products

According to the DOE, DHighting in
parking lots and structures are
competitive with their conventional
counterparts, even exceeding light
output andefficacylevels and
displaying more uniform light
distribution. They can also be
competitive on a lifecycle cost basis.

6th Street Bridge Over the Los Angeles River

For Steetllght applications! there have Before (High Preure Sodiu:'\) After (LED)

been mixed results. The City of Los  Figure3. Sixth Street Bridge in Los Angeles before (left) and after
L'yaSt SaQa Hnamo LIN (right) the LED streetlight installation.

odzi OSNRARTFeE&¢ | a (K Source:CityofLosABd SaQa . dz2NBF dz2@®&F { G NJ
its Lessons Learned slide. However,
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despite that warning, Los Angeles has seen electricity savinggo68% compared to high
pressure sodium (HPS) unitmore than its planners had estimated.

The potential benefits of using LEDs in parking lots, parking structures, and streetlight fixtures
include:

1 Energy savings and cost effectivenes&cording to a Landscape Architecture case
atidzReé 2y YteRS 2| NNBy t | MNlificiehcy LERkighting 48X ¢ SEIl 43
system saveapproximately 94,000 kilowatts of electricity every yeampared to
traditional lighting Projected saings are more than $11,000 each year. Pleasant Hill,
Mo., a participant in the Smart Lights initiative, saw average daily energy usage decrease
37.7% from 2012 to@13, with costs dropping 41.8% over the same perithie City of
[ 2a& ! y3St S d@&pott ardsizEDienengy efficiency program sho@aeh
energy savings, saving 91.93 gigawatt hours (GM#)$8,179,167 annually. This is
accompanied by an annual ©@@duction of 54,368 metricton$. & +S 3 4Qa OA( @
also reported exceedidh LINP 2SO0 SR al @gAay3aa Ay Ada adNBSi
sustainability officer said in a Sustainable City Network article that streetlights are
approximatelyongi KANR 2F GKS OAaAGeqQa G204l t SySNBAeé& &alL)S
that in halfwith this project. The city expects to save $2 million in energy and
maintenance savings with returnon investmentof sevento eightyears.

9 Reduction of ozone precursor pollutant® reduction of pollutanteemitted from the
NEIA2YyQa St SOGNRO LRGSNI ISYSNI G2NI LI Fyida

f Potentialreductionincrime.[ 24 ! y3Sf SAQ& . dzNBlregortei® { 4 NS S
10.5% reduction of citywide crime from 2009 to 2011 in the hours ffgmm. to 7 a.m.

f Decreased light pollution] 2 & ! y 3Sf Snstaldtion[séeFigurd) r@déived
positive comments from the Dark Skies Association for the reduced sky gloliglaind
pollution, according to a statement from the BSL director.

1 Ease of installation and operatiorhe City of Los Angeles also found that LED units are
smaller and lighter, so thegre easy to install and transport; other LED advantages cited
are their compatibility with remote monitoring systems, the option of dimmable drivers,
and instant on and off operation.

2
t A

02 dz
i

However, buyers must be aware that LEDs are still a relatively newdlegy. KS 5h9 Q&4 hF¥FFAOS
of Energy Efficiency and Renewable Energy adpisestial purchaserso do their homework

when comparing LED and conventional lighting.tNenhewness oL ED products also means

that there is the potential for much more imgvement in energy efficienagndsavingsas well

as a decrease in initial cost. See the following sections for more information on known

limitations and additional considerations.

1 Thelack of an approved LED streetligtariff. The largest regulated electric
transmission and distribution service provider for the North Central Texas region is
Oncor Electric DeliveryThere is currently not an approved LED streetlight tariff that
allows Oncor to offer LED streetlights to municipalitighin their service territory.
Oncor remains committed to testing and evaluating the latest advancements in
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streetlight technology throgh their LED Pilot and Technical Evaluation Progvhite

an LED tariff is pursueowever,until a rate is approved by the Public Utility

Commission of Texas, cities and municipalities interested in LED streetlights would have
to install and maintain th streetlights separate from Oncor.

The variance and rapid changes that come with immature technologiesa March
2013 fact sheet, the DQIhderlined two important issues related to LED products:ythe
vary andchange rapidl. LED products are not a mature technology althougi
efficiencyhas improved steadily over tim&hat improvement is expected to continue
based on new materials, new configurations, and better manufacturing processes

Howeverthe 2013Forbesarticle by Justin Gerd&s & [ 2& ! y3St Sa / 2YLX SiGSa
[ FNBSadG [ 95 { (pobté&dibut fhat duk id itsveigelahtiBnfiukrice; Eos

Angeles and its partners, the Clinton Climate Initiative and@d&s Climate Leadership

Group, have done much to jurmiart the market. This may mean that technology will

quickly become more consistertuyt this is still to be determined.

The many factors that need to beonsideed, from installation geometry anddcal
ordinances to LED warrantie€urrently, the DOE indicates that LEDtling is
competitive in parkindot applications, but it lists several factors that buyers should
consider. These include installation geometry, local ordinances, and lightirg.leve

C2NJ aGNBSiGfAIKGAY (GKS 5h9 FRGA&ASE GKIFG Ydzya O
range in performancesome luminaries doot live up to manufacturer claims. This

advice was echoed lifle ¢ 2 gy 2 F Rublik \Ndks Manaydvhen relayinghe

¢ 2 ¢ ¥XQetienceFairviewalso had issues with the warranty from their LED

manufacturer, who went out of businedsurthermore the DOEnentions difficulties in

finding an exact match for existitggh-intensity dischargeHID luminaries.

In addition, the DOE advises that purchasers should consider not only energy efficiency
but also other factors such as operating life and lurdepreciation, expected lifetime,

and light output and distribution. Light output might also change over time, especially if
light maintenance doesot include cleaning. As mentioned in the Oncor LED Streetlight
Pilot and Technical Evaluation Programecstsidy, light output can degrade significantly
(up t011.66%) with dirt.

The guestion of howLEDs perform in severe weatheéFheOncor pilotprogramaimed

to answerthis question Looking at six different manufacturers at the first set of pilot
locations (excluding Colleyville), the Oncor program assessed the performance of the
LEDightsby seasor{seeTablel).
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Tablel. Oncor Dallagort Worth Pilot Summarg Number ofFailuresdby Season

March-May (Spring) 17
JuneAugust (Summer) 4
SeptembeNovember (Fall) 15
DecembefFebruary (Winter) 7
Total 43

Source: Oncor LED Streetlight Pilot diedhnical Evaluation CaSeudy,2012.

The 43 failed fixtures equate to an 8.53% LED failure rate; the HPS failure rate for the
aFYS GAYS LISNA2R gla 1ToHpE:® , Six gKAES
reliable as HPS lights, the difference is not substantial. Irtiaddpilot cities responded
favorably to the lights and sattley would likeLEDss an option once a suitable price

LR2AYG A& NBFOKSRI | O0O2NRAY3I G2 hyO2NXRa LAf240

C\
A
(V)
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Thelearning curve For example, some LEDs may fail because their heat tolerance is less
than traditional lighting. This may have been the case athED installation at the

Green at College Park (University of TexAslington)[CSL1], according to the project

case studyontact While the LED lights on poleavenot had anyissues, the LEDs in

ballast boxes were burning out. Improving the ventilatappeaedto have resolved the
issue.

To accelerate the learning curve, the DOE created the \d@icipal SolieState

Lighting Consortium, where members can share technical information and experience
related to LED street and area lighting demonstrations. The goal is to build a repository
of valuable field knowledge and data @t the consortium ca serve as an objective
resource. (For more information on the consortium, visit
wwwl.eere.energy.gov/buildingssl/consortium.html)



file://///NCTCOG.DST.TX.US/office$/Envir/Home_Public/Ashley_Hallman/www1.eere.energy.gov/buildings/ssl/consortium.html

The following tabléTable2) from the DOE is not transportatiespecific, buit serves to show
that prices for LED lamps are significantly higher than conventional lighting sources.

Table2. Prices of Lighting Sources, 2014.

Lighting Source Price ($kim)
Halogen Lamp (A19 43W; 750 lumens) $2.9

CFL (13W; 800 lumens) $2

CFL (13W; 800 lumens, dimmable) $10
Fluorescentamp and Ballast System (F32T8) $4

LED Lamp (A19 12W; 8@@nens, dimmable) $16

/| C[ cé¢ 52¢ytA3aKG omo2T ¢r $10

[ 95 cé¢ 52¢yfAIKE O6mMmdp2 T $43

OLED Panel $500

OLED Luminaire $1,400
Source: U.S. Department of Energy, SSligte Lighting Research and Development: MYi#tar Program
Plan. 2014.

However,Table2 shows only initial cost. The DOE analysi®akd that an LEDampreaches
cost parity with a halogen lamp after only 1,700 hoamnsl that utility rebates loweretd ED lamp
costs even further.

In addition, increased deployment has improved the product while driving down costs. The Los
AngelesBSlfound that an LED street fixture installed in 2009 cost $432 on average, illuminated
at 42 lumens/watt, was expected to last 80,000 hours, and hageab warranty. In 2012, that
same fixture cost $245 on average, illuminated at 81 Lm/W, was expected to last at least
150,000 hours, and came with ay@ar warranty.

The BSkstimates that the switch to LED streetlights has provided thev@ityenergy savings

of 63%as of October 1, 201emonstratinghat efficiency improverents can beconsidered
investments, he June 2013 presentation reported that the program has saved approximately $7
million per yearn energy savings and $2.5 million per year in maintenance savings.

While utilization of LED streetlights in the North Central Texas region may be limited for now

due to the lack ofin approved tariff for LEBtreetlightsfrom Oncor LEDs are a technology to

watch. According to the 2014 DOE S@&idte Lighting Research and Developmeportz & [ 95 a
have not even begun to scratch the surface of their potential [in energy saamjannual
SySNHe 02ai al @gAay3as ot

Another lighting option is LEDs paired with solar panels. Se®libg/ing Renewabl&Energy
Lighting section for more information.
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1.3 RenewableEnergy Lighting: Solar

1.3.1 Overview

Another emerging interst in North Central Texas is solar power, a renewable engéhgysun

produces immense amounts of energy that can be converted into heat and eleciictyrding

totkS ¢ SElFa / 2YLINRT f S Hie@yRepodzxagioSesseOtBedalggsti 8 Q HAny
solar energy resources among the statle to itslarge geographic area and abundant

sunshine When renewables are used in place of fossil fuels, they have great potential in

reducing greenhouse gas emissiptie EPA reports.

Solar energy technology is used on both large and small
scales, from solar farms to road maintenance signs. C
potential advantage of a smadkale solar energy
system is that it may eliminate the need to connect to
the electric grid if it includes storaguch as a battery
systemwhich provides additional benefits in
emergency preparedness and natural disaster respon

For streetlights, solar energy technologies can be pail
with LED$ecausd_EDs draw a fraction of the energy
required by traditimal lights. As noted ihEDs
Magazind | NI A Of S GRoWefed LED& S
[ AAKGAY3IZe (GKS GSOKyz2f213
energy storage is rapidly developing, creating great
potential for solar LED lighting.

[ 95 )

One early adopter was Loakéd Martin in 2009. After
an assessment of its Orlando, Fla., facility revealed th
its 25year-old streetlights and their underground
wiring needed replacement, the company chose the
standalone solar LED lighting as the ceffectiver as
well as enviromentally friendly and practicalchoice
G2 tA3IKG Ada SyaNlr yOS N2

LPpEATEQE

Figuredd ¢KS / AGe 27F
loop road. streetlight.

Source: City of Irving.
Another entity that saw the potential of solar LED

streetlightsyears ago was the City of Irving, Texas
(Figure 4)In 2011, it completed itgstallation of170
solarpowered LED streetlights along a $nfle stretch

of Irving Boulevard from State Highway 183 to Loop 1.,
replacing 266 grigtonnected streetlights.




Because solar energy does not requireiti¢o the electric grid and solar pals can be quite
small, solar LED lighting can also be used to light trails and bikegsasieen in demonstration
projects in Pflugerville, Texa3hiladelphia, PgFigure5) [CS35]; Santa Barbara, CaljFiguret)
[CS24]; and Portland, OrdFigure?) [CS26].

~

igure5. Solar lighting installation on Pent Figure7. LEBMark Light Demonstration

Street Trail, Phlladelphla, Pa. Project, Port]and, Ore.
SourceDelaware River Waterfront Source: Saris Cycling Group.
Corporation.

i:igureG. Solar lighting used in the Obern Tral
Retrofit Project, Santa Barbara, Calif.
Source: County of Santa Barbara.




Cost savingsAccording tahe IC Institute, a research unit of The University of Texas at

Austin that works to advance the theory and practice of entrepreneurial wealth

creation, the cost savingd solar LED lightincan be substantial. These savings come

from the value of fossil fuelrice hedging as well as avoided generattapacity capital

costs, fuel costs, andistribution costsAs seen in a case study of the Lockheed Martin

facility, the lack ofequiredunderground wiring can save substantial capital cosing

an energy management system and §5tems with solar LED streetlights that each

illuminateda 125foot stretch of roadway,tie projected initial cost and maintenance

savings of solar versus hard wire was $221,000 over 20 years.

Energy savingsThe City of Irvingxpects to save an estimated $1 million in energy costs

over the next 10 years.

Improved air quality Fossil fuel power generation is decreased, reducing emissions that

contribute totheNBS IA 2y Qa | ANJ L2 f f dzi AtAtys. | YR 21 2y S y2yI
Increased public safety for areas wheselar lights may be the most feasible

protective measure For example, the LEMark Light Demonstration Project in

Portland, Ore., an inoad solar LED lighting installation on a curved road visible from a

distance of 1,000 metelis intended to steer drivers away from the bike lafbe case

study reported that norsolarpowered inroad lights werainfeasibledue to installation

cost.The Santa Barbara, Calif., installation on a bike pathhédgdighted improved

safety as a benefiue tobright lights and high visibility.

Installation flexibility. The small size of panels and lack of required underground wiring

may offer installation flexibility. According the City of Pflugervilleltfley St 8 Q avYl f £ &A
made relocationeasywhennecessaryThe Forbed NIi A Ot S 42 KSy o0l yR 2 KSNEB
Lighting Makes Senééighlights sveral projects that used solar lighting where there

was little or no existing lighting infrastructura residential developmerthat added 21

lighting poles after the other utilitiekad already been buriedn arboretumthat could

not install gridtied lights due to concerns over root systems; and a business that

wanted to add nighttime events quickly while avoiding major construction.

Autonomy from an electric companylhe Santa Bhara, Calif., case study highlighted

the autonomy that a standalone solar installation gives to the local agency, with no

need to rely on an electric company for maintenance.

Resiliency in emergency situationSolar streetlights can operate during povertages

and can be valuable additions to hazard mitigation action plans and other emergency

response plans.

Continued innovation and improvementsiccording to theeEDs Magazinarticle,

O2YLI yASa Ay GKAA AYRAAGNE FNB 2dad aONI GOKA
author sees quantum leaps in the development of LED lighting, solar cells, and energy

storage already underway, and says that with every advancement, itenailtiply

through the system.
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Theintermittent source of energythe sun) which may lead to a need for batteries or

grid connectionTheLEDs Magazine NIi A Of S G ¢ KiS2 ¢ $ NISR T2NF { [2X 3 A A
stated that solar LED lighting installations will need batteries unless connected to the

grid. The articladvisel that solar panels and batteries be adequately sized for the

period of longest nights, shortest days, and cloudiest weather. The Cigafyf 3 Qa a2 f | NJ
fixtures were expected to retain about four to five days of power so ttayproduce

light even on cloudy days, report&hllas Morning News

The importance of the surroundings, both present and futui®olar panels need the

adzyQa SySNHe (2 ¢2N]® LF¥ GKS tA3aIKGa FNB LIXI O
could produce inadequate light. Another consideration is the future environment

becausdrees grow and building heights change. Thisossn may be mitigated by the

ability to move the lightf it is a standalone installation.

The need for caution and research with emerging technologiek S 5h9Qa I RJA OS
cautious about LEDs also applies to solar and LED lighting. The Santa, Bzalifaraase

study highlighted the need to do researahd to procure materials from reputable

O2YLI yASa tA1Ste (2 SEAAa lbecaddwnichdBis LINE RdzOi Q&
lighting is proprietary. The project owner alsoted the importance of procuring a

contractor with experience with the technology.

Environmental concerns related to the PV cell, whickimilar to ewastetr contains a

number of hazardous materialsiccording to the Union of Concerned Scientists (UCS),

if these toxic mateals are not handled or disposed of properly, they could pose serious
environmental or public health threatThe Texas Solar Energy Society relays this
concernonitsweblJ- 3S & { 2 f I NJ -ofkie:(SRicd2\alley Thxizs Coglifon

StoppingKS {2t I NJt K2(G2@2ft Gl A0 21FadsS {GNBIY . S¥2N
available atvww.txses.org/solar/content/solaphotovoltaicend-ife.
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http://www.txses.org/solar/content/solar-photovoltaic-end-life

1.3.4 Costs and Life Expectancy
Street Lighting

The City of Irving used a $2 million grant from the
Department ofEnergy to fund an installation of 170
solarpowered LED lights along a Srle stretch of
Irving Boulevard from State Highway 183 to Loop 12
replacing 266 gristonnected streetlights. The
installation was completed in January 2011. The
batteries are expeted to last 10 years, and the city
expects to save an estimated $1 million in energy
costs over the next 10 years. It foresees a payback
period of 16 years.

In the Lockheed Martin case study published in
Alternative Energy eMagazina comparison of
price between solar and Agowered fixtures over a
period of20years found that 35 solar LED
streetlights would cost $342,000 (including purchase
price and maintenance) versus $563,000 for
conventional Agowered streetlights (including
new wiring and electdity costs).

In Richmond, Vathe 21 solar streetlights used ly
40-home residential developmerut installation
costs in half, saving the developer nearly $600,000
onthe installation, according to thEorbesarticle.
Theinstallation survived two hurricanes with no
issue.

Trail

The Santa Barbara, Calif., project installed 77 solar
powered LED lights on a bike path. Each unit costs

$3,890, including the light, pole, battery, solar panel,

and all associated hardware. Thamanty for the
electronics, wiring, and luminaire is 10 years, and
the warranty for the mounting hardware and solar
panel is 20 years. The installation was completed in
October 2013. The maintenance is expected to be
minimal.

On Penn Street Trail in Ridelphia, Pa., the cost of

material and construction for 15 solar light poles
and luminaires provided by HEI Solar Light was

21

WALKABLE SOLRRNELED

PATHWAY
GEORGE WASHINGTOMNWERSITY,
VIRGINIA

Solar panels arrot installed only on light
poles. In the fall of 2013, the first walkable
solarpaneled pathway in the world was
AyaildlttSR 2y DS2NHS
Virginia Science and Technoldggmpus [CS
39].

The sidewalk boasts a solpowered trellis
and 27 slipresistant semiransparent
walkable panels. The trellis creates energy
that feeds back to one of the education
buildings. The 100 square feet of walkable
panels have a combined avgeof 400watt
peak capacity (Wp)enough energy to
power 450 LED pathway lights below the
panels. As mentioned in a May 2014 CityL 3
article by Nate Berg, it ay 2 i SEI
power plant, but a scalable idea that takes
advantage of huge amounts of power
ONBFGAYy3a LRGSYGALl f
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Figure 8. Walkable solmowered pathway.
George Washington University, Virginia.
Source: Studio39.




approximately $202,500. The pole includes the battery and solar panel. The installation was
completed in 201&nd is the first phse of a multimile trail. The project manager reports being
very happy with their performance, low level of maintenance, and aesthetics. While a cost
analysis for the solar lighting versus traditional lighting watsperformed, the case study notes
that installation of the solar lights was cheaper because theydidave to be tied into the

grid at all. Without electricity costs, a logrm cost savings is also expected. The batteries are
estimated to last about five yeargvhile this projects the first U.S. installatioof the HEI Solar
Light product, ithas been on the ground in Europe and the Middle Easte June 2008 when
the first project to install the lights waompleted inVienna, Austria.

In-Road Lighting

Sars Racks donated 20 lights to the Portland Bureau of Transportation for the pilot project in
2013. The cost of each ligivas $120$145. The cost of the epoxyas $7-$10. The installation
cost (including mobilization, traffic control, grinding to ctensink in the roadway surface, and
additional epoxywas$1,189. According to Saris, the lights have a battery lifavefto seven

years.




SECTIOR: RecycledConstruction Materials

Pavement produced
using slag, recycled
concrete and/or ground
tire rubber

Subbase containing
recycled concrete

Figure9. An illustration of recycled construction material.
Sourcet KS / A (i@ Ghitagd GidelleyHahdbaok2010.

2.1  Overview
Recycling is not a new concept for the transportation indusiing. Texas Department of

Transportation (TxDOT) has approved specifications that specifically call for the use of recycled
materials and assembled information on promising and readily available materials.

l'a LI NG 2F GKS ¢ ES5h ¢ Qanindustly panefiidentiiies hef@éwing 3 Ay A G A L (
recycled materials as offering engineering benefits and-effsttive pricing, having no known
environmental risks, and being readily available in large volumes:

T
1
1
T
1
T
)l
)l
)l
)l
)l
)l

Asphalt shingles

Coal combustion byproducts)cluding fly ash, bottom ash, and hydrated fly ash
Compost and mulch

Glass

Industrial sands

Metals, primarily steel and aluminum

Plastics

Reclaimed asphalt pavement

Recycled concrete aggregate

Slags, including ground granulated blast furnace slag
Soils, mcluding petroleurrcontaining soils

Tires and tire rubber




TxDOT has assembled information packets on the above materials, including research
summaries, specifications, and sourcdsit the Roadway Recycled Materials Summaries
aSOlAz2y 27F ¢ESHe/QEoESHER G S

Recycled materials offer design versatility,
often have a long lifespan, and can require
less longterm maintenance than similar
products constructed from natural
materials, according to the Hill Country

I 2y aSNDI y Oe QidelindsN(Fok f
more detail on recycled materials in trail
applicationsseeSectiord).
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Some projects that utilized recycled
materials in the North Texas region
includethe Fort Worth Nature Center and
RefuggCS12], which incorporated
recycled crushedoncrete in its

permeable parking lofsee Figurd.0);
Merritt Road in Rowlett, TexafCSL7]
which used recycled materials in the
pavement section and the trench backfill;
and the Green at College Park (University
of Texag; Arlington)[CS1], which used
concrete amended with fly ash and

3 crushed concrete for a base material. The
g Green at College Park also incorporated
recycled glass pervious paving as a trail
surface. The Katy Trail in Dallas, Te}@S,
7] has a recycled rubber surface for soft,
pedestranfriendly path sectiong¢see
Figurel)T DNJ YR t N} ANAS Q& a 2 dzy
Creek Lake Park TriilS14] uses recycled
crushed concrete; and Trinity River
Audubon CentefCS9] hastrail sections of boardwalk made from recycled bottles and sawdust

Figurel0. Top image: The Fort Worth Nature Center
and Refugésource: City of Fort WorthBottom image:
KatyTrail, Dallas, Texas.

Oneeasyway 2 dzaS GNBOe Of SR YFOSNAIFE Aa (2 arayLX e NE
take it to a landfill. At the Dallas Urban Resdi@8&5], debris left on site was reused as raw

material for flagstones, retaining walls along the roadway excavationaarahtrance sign. At

Timber Creek High School in Fort WIg15], the excavated rocks were repurposed in the

green stormwater infrastructure. In Wimberley, Texas, the Blue Hole Regional Park flt&@ect

22] reused the material frondemolished roads fogravel. In addition, iteused invasive tree

material for items such as fencing, light poles, and play structamdsshredded the remainder

for mulch, softsurface trails, and play areas
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http://www.txdot.gov/inside-txdot/division/general-services/recycling/materials.html

2.2 Potential Benefits

1 Waste diverted from landfillsWhen products are made of recycled materialfgh
materiak do not end up wasting valuable landfill space.

1 Reduced need to extract or produce resourc@&oducts can use recycled material
rather than virgin material.

 Reduced C@emissions

1 Can help develop technologieend may provide superior engineering performance
Recycled materials can offer great promise and solve probl@& Y I & ¢ NI Af Qa
pedestrian path used recycled rubber because it was softer than traditional surfaces. A
Public Roadarticleby Rebecca Davidledd [ Sa a2y a [ S NYSRY ¢E5h¢Ua ¢
LYONBlFasS (GKS | 4SS peo¥idedvedyoledplast anadieadptidgl & > ¢
rings as an example of a recycled product with superior engineering performance, a
lifecycle cost advantage, and environmental benefits. Dagted that the recycled
rings are lighter in weight and less fragile than theaditional counterparts while
maintaining their strength. In Alexandria, Va., the Department of Recreation, Parks and
Cultural Activities installed the pervious Fi@dve surface throughout Dora Kelley Park
[CS38] (see Figurell). The parksufferedfrom flooding issues, and the department was
limited in the surfacingype that could be put in a national resource protection area.
According to the department, the surface neededmpervious, but gravel or nhan
would have washed out. Instead, it cleoBlexiPave, a hard surface that was still
pervious.Asthe material installed was made from recycled rubber passenger tires (in
this installation alone, 1,597 tires were used), FRave had the additional benefit of
diverting waste from
landfills

1 Cost savings.
Repurposed items can
also save the project
owner money not only
onthe cost of the item,
but alsoon the costs to
transportthat item
from where it was
sourced. The
engineer/landscape
architect for Timber
Creek High School in
Fort Worthrepurposed  Figure11. FlexiPave at Dora Kelley Park, Alexandria, Va.
the excavated rocks Source: City of Alexandria.
and reduced
transportation costsvith the added benefit ofeducing associated emissions.
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