Green Roofs

Special Issues: Green Roofs Initiative
October 11t 2018
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The Mission of the
Green Roof Review Task Force

“To develop recommended modifications,
clarifications, and improvements to the initiative
through a collaborative, consensus-based process
that will honor the vote.”
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Benefits

* Urban Heat Island

* Green Spaces

* Water and Storm
Water Management

* Greenhouse Gas

Emission Reductions
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Green Building Ordinance — Proposed Compliance Options New Buildings

Abhed b i

Green Roof / Green Space Green Solar LEED BD+C Certification
(roof, terraces, podiums, grade- (roof, terraces, podiums, grade-level, off-site) (roof, building, site, community)
level) and Solar

(roof, building, site, community)

Green area equivalent to Green area equivalent to: On-site renewable energy or Minimum Gold level certification
whichever is least: 3% of gross floor area; 18% of total roof community solar or Xcel Renewable

a) 10% of gross floor area; area; or available roof space — whichever Connect for a total system production

b) 60% of the total roof area; or || is least) AND equivalent to:

¢) Available roof space On-site renewable energy or community 70% of roof area

solar total system production equivalent to:
7% of roof area x no. of floors (max 42% of
roof area required

Financial contribution Green
for off-site green space (roof, terraces, podiums, grade-level)
and Energy Efficiency

Energy Efficiency Enterprise Green Communities
Certification

Green area equivalent to: Green area equivalent to: Minimum 12% energy savings Minimum certification
Coverage required above but 3% of gross floor area; 18% of total roof above current City of Denver energy
not provided area; or available roof space — whichever code

$50/sf of required green area is least)

(*fee to be set by rate study) AND

Minimum 5% energy savings

above current City of Denver energy code

* All buildings will require a Cool Roof unless the roof is a character defining architectural feature.



Green Building Ordinance - Proposed Compliance Options Existing Buildings

Roof Replacement:

Cool Roof Required Plus

25,000 sq ft and One of the Following

up
|

Green Roof/

Pay for Off-

Energy

On-Site Solar Certification

Green Space

Install a green roof or
green space anywhere
on site covering an
area equal to,
whichever is least:

a) 2% of gross floor
area,

b) 18% of total roof
area; or

¢) Available roof space

Install solar panels

covering 5% of the gross
floor area; 42% coverage

of the roof; OR

Area required to meet
100% of building annual
electricity consumption

Demonstrate current
LEED Silver
Certification (BD+C
or O&M) or
Enterprise Green
Communities
certification or
equivalent.

site Green

Pay a price per
square foot to the
City’s special
revenue fund for
green projects. Total
square footage
should be equivalent
to the green
roof/green space
option. $50/sq ft.

Program

Enroll in a flexible
energy program to
achieve similar
greenhouse gas
emission reductions as
the on-site solar option.
Comply with one of
many pathways in the
Energy Program within 5
years.
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1.3.2 Importance of Climate Projections for Denver

The Climate Adaptation Plan has identified the following three key potential impacts for Denver based on climate
change projections for the Front Range:

I. Increase in temperature and urban heat island effect
2. Increase in extreme weather events
3. Reduced snowpack and earlier snowmelt

Increase in Temperature and Urban Heat Island Effect'”

Urban heat islands refer to the elevated temperatures in developed areas compared to more rural surroundings.
Urban heat islands are a result of surface properties of building materials, such as pavement and asphalt, combined
with reduced vegetation. On a hot, sunny, summer day, surfaces exposed to the sun can reach 50 to 90°F hotter
than the air temperature, while shaded or moist surfaces, often in more rural surroundings, remain close to air
temperatures (Agure 1.4). On average the difference in daytime surface temperatures between developed and
rural areas is 18 to 27°F and the difference in nighttime temperatures is 9 to 18°F. Denver, being highly urbanized,
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Projected Change in Denver's
Climate
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Low Slope Black Roofs: Low Slope Cool Roofs:

( PVC/KEE Modified Bitumen

Cool roofs cost
0.3%-1.5% more
than black roofs

EPDM TPO
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i

~70% of buildings in
Denver have a cool

roof toda




Insulation means roof color
has little effect on heating and
cooling costs for the building

Cool roofs are about outdoor
comfort, keeping the outside
temperatures a little lower in
our City on the hottest summer
days.
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Cool Roof Working Group

Dan Cupit, Professional Roofing Consultants
Kade Gromowski, PIE Global

Rich Boon, PE, Roof Consultant
Jamaca Berman, GAF

James Kirby, GAF

Bruce Ray, Johns Manville
Francis Babineau, Johns Manville
Todd Nathan, Johns Manville
Prem Sundharam, DLR Group
Rachel Bannon-Godfrey, Stantec
Tom Brangers, Prologis
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Cool Roof Drafting Timeline

e May 30" - Working Group Meeting

* July 9t - Working Group Meeting

* July 18t - Working Group Meeting

* July 23"-Open Public Meeting and Discussion

e August 2" - Working Group Meeting

e August 10t - Public Comment on Draft Closes

* August and September — Many emails and rounds of review
between City staff and the Working Group
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Fee in Lieu
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Task Force Recommendation

“That new buildings pay a fee-in-lieu of $25 per square
foot, and existing buildings pay a fee-in-lieu of $17 per
square foot, while recognizing that adopted rates will
need to be informed by a rate study. The task force’s
goal is to set the dollar amount so that this is a viable
compliance option that achieves the benefits of the
original ordinance. ”
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Green Space Rate Study

Presentation to Denver City Council Green Roofs Committee

October 11,2018

ARELAND

Land Use Economics

1221 Auraria Parkway
Denver, CO 80204
720.244.7678 t
720.228.2211f

I e



Scope
* Scope:
— Estimate cost the City would incur to install equivalent
required green space on the roof or ground

— Include land values, capital costs, operation and
maintenance (O&M) as well as City administrative costs

— Based on City pricing not private pricing
— Suggest fee index to track future cost changes
e Data Gathering:

— Green roof specialists, private commercial landscape
projects, City Parks & Recreation and Public Works

22



What is Equivalent Required Green
Space?

* Urban green space — in transit areas,
pocket parks, plazas, etc. (likely)
* Water quality and storm drainage (green
infrastructure projects) (likely)
e Large new park (unlikely)
* Green roofs on City buildings
o New City buildings meet the
requirement on their own. Existing
buildings would need to be assessed
and potentially structurally
reinforced

23



Projects providing Equivalent Benefit

Equivalent Benefit $ PSF Example Projects
5 15 Suburban parkin Area 1
s 30 Extensive green roof on City property ($o land value)
5 30 Landscaping (no soil mitigation | hardscape) on so land value property
5 30 Suburban parkin Area z; land availability challenge
$ 35 Landscaping (only)in Area
5 45 Intensive%reen roof on City property (4o land value)
s so Urban green space on $o land value property
5 6o Greeninfrastructure additions (Iow) on o land value property
5 70 Urban green space in Area 2; land availability challenge
] go Greeninfrastructure additions (high) on $o land value property
5 go Urban green space in Area 3; land availability challenge
3 T00 Green Mirastructure agditions (ow) i Area 3
5 125 Urban green space in Area 4; land availability challenge
$ 135 Green infrastructure additions (low) in Area 4
5 165 Green infrastructure additions (high)in Area 4
5 210 Urban green space in Area 5; land availability challenge
s 220 Greeninfrastructure additions (low) in Area s
5 255 Greeninfrastructure additions (high)in Area 5
s 370 Urban green space in Area 6; land availability challenge
5 385 Green infrastructure additions (low)in Area 6

v 5 535 Mature landscaping, soil mitigation and hardscape in Area 6

24




Projects providing Equivalent Benefit: $50-$90 psf

/ $ PSF

Example Projects

~

R T L i

50

70
g0
qo

Urban green space on $o land value property

Green infrastructure additions (low) on $o land value property
Urban green space in Area 2 ; land availability challenge

Green infrastructure additions (high) on $o land value property
Urban green space in Area 3; land availability challenge

/
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Appendices
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Roof System Components

\_/"_f\ —— Asphalt

 Ply Sheet

Cover Board

Asphalt

. Reflective Roof Coating

Rigid Roof Insulation

Deck Surface

Typical Roofing—(Membrane|Above

Insulation

E"'::. DENVER
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' 'A;i?:':““‘ . =———Concrete Topping Slab

~—‘:XPS Board Insulation

Dimple-Type Composite
Protection Course

Waterproofing Membrane |

Concrete Structural Slab

Typical Waterproofing—|MembraneBelow
Insulation (No membrane UV Exposure)
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Green Roof & PV Intro Green Roof Only: GHG Emissions Reduction
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SR - PV & Green Roof: GHG Emissions Reduction

5
4.5 |—PV Savings
—Cooling Savings
4

——Loss for Water Pumping|
Savings for CO2->02
Heating Savings
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New Construction Growth Rate 1.5% per year

Roof Replacement Rate 4% per year



Cost Evaluation

e Building 1: | Building 2a: | Building 2b: Building 3:
P Apartment Industrial Retail Office

Black Roof Replacement Cost ($) $137,700 $1,539,900 $1,539,900 $101,250
Additional Green Roof Replacement $140,636 $490.089 $2.224.750 $132.300
Cost ($)

Green Roof Cost Increase vs Black 102 32 144 131
Roof (%)

OR Additional Green Roof + PV

Replacement Cost (3) $134,634 $533,554 $2,548,439 $139,833
PV + Green Roof Cost Increase vs

Black Roof (%) 98 35 165 138
OR Additional Cool Roof

Replacement cost ($) $550 $4,750 $4,750 $1,500
Cool Roof Cost Increase vs Black 04 03 03 15

Roof (%)



Cost Evanluation

Building 1: Building 2a: | Building 2b: | Building 3:
P Apartment Industrial Retail Office

Total Building Floor Area (ft2) 50,000 150,000 150,000 300,000
Cost per ft2 ($/ft2) $139.81 $130.95 $100.00 $186.69
?SW Building Total Construction Costs g6 990 500 $19,642,500  $15,000,000 $56,007,000
Additional Green Roof Cost per ft2 ($) $2.81 $3.27 $14.83 $0.44
Additional Green Roof Cost ($) $140,636 $490,089 $2,224,759 $132,300
Cost Increase for Green Roof (%) 2.0 2.5 14.8 0.2
g(;dltlonal Green Roof + PV Cost per ft2 $2.69 $3.56 $16.99 $0.47
Additional Green Roof + PV Cost ($) $134,634 $533,554 $2,548,439 $139,833
Cost Increase for Green Roof + PV (%) 1.9 2.7 17.0 0.2
Ad(ditional Cool Roof Cost per ft2 ($) $0.01 $0.03 $0.03 $0.01
Additional Cool Roof Cost ($) $550 $4,750 $4,750 $1,500

Cost Increase for Cool Roof (%) 0.008 0.024 0.032 0.003



Rate Study
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R .
Menu of Equivalent Benefits

Capital Costs Operations & Maintenance

*City owned property - SO

eAreal-S$5
eArea 2 - 520
eArea 3 - $40
eArea 4 - $75
eArea 5-5163
eArea 6-5323

eConstruction

eSuburban park including
significant natural areas - S5

eExtensive basic green roof -
$25

eLandscaping (no hardscape,
soil, etc.) - $25

eUrban green space - $35

*Green infrastructure - S50 to
S80

*Water quality - $95

eExtensive landscaping, soil

mitigation and hardscape in
downtown - $200 to $350

eAdmin
ePark PM - $0.30

eGreen Infrastructure PM -
$4.15

eAdmin

e|nterdepartmental staff
oversight - $2.48

*O&M

eBasic landscaping to
intensively used urban park -
$4.67 to $11.00
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Land Values

>

W Colfax Ave

th Avenue

Wadsworth Blvd

S Federal Bivd

Land Value per Square Foot
@ (1) 50.00-$10.00

(2) $10.01 - $30.00
B0 ) $30.01 -$50.00

(4) $50.01 - $100.00
B0 (5) $100.01 - $225.00
@ ¢ 522501 -$419.80
[ | Neighborhoods

Esn, HERE, Garmin, © Open StreetMap contnbutors, and the GIS user community.
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Task Force Process
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E"% DENVER

[ THE MILE HIGH CITY

Council Members
Jolon Clark
Mary Beth Susman

City Staff
Katrina Managan
Scott Prisco
Adam Hernandez
Jon Novick

Who is on the Task Force

Green Roof

Proponents
Brandon Rietheimer
Jennifer Bousselot
Andy Creath

Real Estate

Tami Door

Kathie Barstnar

Mark Windhager

Joe Havey

Grant Nelson

Amy Mayhew

Jeannie Renne-Malone

Additional Experts
Austin Krcmarik
Chris Parr

Christine Brinker
Jamaca Berman

John Bringenberg
Lindsey Arell

Prem Sundharam
Tyler Smith
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[ e miLe man crry Task Force Meeting Timeline

Meeting 9 June

7
Meeting 1 Meeting Meeting 5 Meeting 7
Jan. 19 3 Feb. 14 Mar. 21 May 2 CONSENSUS!!
Meeting Meeting Meeting 6 Meeting

2 Feb.7 4 Mar. 1 Apr. 6 8 May 23
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[ Tre mie miah ciTy PUBLIC INPUT PROCESS

May 3" - June 3™

Two public briefings and input sessions, 15-20 people attended each:
Friday, May 11, 9:00 a.m. - 10:30 a.m.
Monday, May 14, 9:00 a.m. - 10:30 a.m.

Comments Received:
85 people filled out our comment form online
25 people sent in depth email comments
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New Building Cost Analysis

Cost Evaluation

° New Proposal

Office, 55,000 sq ft ~45%
Office, 300,000 sq ft ~20%
Industrial, 150,000 sq ft ~80%

Retail, 70,000 sq ft ~90%



Existing Building: Office
55,000 square feet, 5 floors, roof is 11,000 sq ft.

Current Law Coverage: 30% or 3,300 sq ft.
New Proposal Options: 10% Green —or- 25% solar —or- Energy Program

Cost Evaluation

Conventional Roo(f$l;2eplacement Cost $137,700 $137.700
" -$3,750* to
Additional Cost ($) -$52,581 $19. 250+

Cost Increase (%) 38% 3%-14%
$117,900*

Most Positive NPV ($) -

*Energy Program: retro-commissioning

**10% Green
Note: Net Present Value (NPV) considers energy cost savings, costs (capital, maintenance,

replacements), discount rates, and energy escalations rates for a time period of 32 years
(i.e. up to year 2050).



Existing Building: Office
300,000 square feet, 15 floors, roof is 20,000 sq ft.

Current Law Coverage: 60% or 12,000 sq ft.
New Proposal Options: 18% Green —or- 42% solar —or- Energy Program

Cost Evaluation

Conventional Roo(f$ I;erlacement Cost -$337.500 -$337,500
N -$62,117* to

Additional Cost ($) -$132,300 -$65,000**

Cost Increase (%) 39% 18%-19%

Most Positive NPV ($) - $664,906**

*18% Green

**Energy Program: retro-comissioning

Note: Net Present Value (NPV) considers energy cost savings, costs (capital,
maintenance, replacements), discount rates, and energy escalations rates for a time

period of 32 years (i.e. up to year 2050).



Existing Building: Industrial Roof

150,000 square feet, 1 floor, roof is 150,000 sq ft.
Current Law Coverage: 50% or 75,000 sq ft.
New Proposal Options: 2% Green —or- 5% solar —or- Energy Program

Cost Evaluation

Conventiona(ljl;gtoél)?eplacement $1,539.900
-$1,539,900
Additional Cost ($) -$725,445 iggggg;if
Cost Increase (%) 47% 4%-17%
Most Positive NPV ($) - $247,579**

*2% Green

**Energy Program: LED lighting

Note: Net Present Value (NPV) considers energy cost savings, costs (capital, maintenance,
replacements), discount rates, and energy escalations rates for a time period of 32 years

(i.e. up to year 2050).



Existing Building: Retaill

70,000 square feet, 1 floor, roof is 70,000 sq ft.

Current Law Coverage: 30% or 21,000 sq ft.

New Proposal Options: 2% Green —or- 5% solar —or- Energy Program

Conventional Roof Replacement Cost

Cost Evaluation

-$769,950 -$769,950
(%)

" -$27,050* to
Additional Cost ($) -$348,370 $119,000%
Cost Increase (%) 45% 4%-15%

Most Positive NPV ($) - $125,645**

*2% Green

**Energy Program: LED lighting

Note: Net Present Value (NPV) considers energy cost savings, costs (capital, maintenance,
replacements), discount rates, and energy escalations rates for a time period of 32 years
(i.e. up to year 2050).



Cont Evallaton NPV Parameters

Analysis Period 32

(years) (i.e. till year
2050)
Discount Rate 7 Guidelines and Discount Rates for Benefit-Cost Analysis of Federal
(%) Programs
(https://iwww.wbdg.org/FFC/FED/OMB/OMB-Circular-A94.pdf )
Energy 2 Colorado, 1.5% Inflation, Commercial
Escalation Rate Energy Escalation Rate Calculator
(%) (https://energy.gov/eere/femp/energy-escalation-rate-calculator-download):
Electricity 0.098 Colorado, Commercial
Blended Rate U.S. Energy Information Administration
($/kWh) (https:/www.eia.gov/electricity/monthly/epm_table grapher.php?t=epmt_5
6_a)
Energy Savings 12% for LED Calculated based on site energy use intensity (EUI) of DOE Commercial
16% for Retro- Reference Buildings in Denver, Post-1980 Construction. Building types used

Commissioning  were Mid-rise Apartment, Warehouse, Stand-alone Retail, and Medium
Office.



New Building: Office

55,000 square feet, 5 floors, roof is 11,000 sq ft.
Coverage requirement on the ballot: 30% or 3,300 sq ft.
Cost Evaluation New proposed coverage requirement. 50% or 5,500 sq ft

Cost ($) to construct

the building -$6,990,500 -$6,990,500
Additional Cost ($) -$91,911 to -$193,475 -$63,003 to -$93,500
Percent Cost Increase 1.3%-2.8% 0.9%-1.3%

Lowest: green area
Lowest: green roof + solar Highest: green covering an area
Highest: solar only equal to 15% of roof and 5% above
code energy efficiency

Cost description

~45% reduction in average costs for the new proposal



New Building: Office

300,000 square feet, 15 floors, roof is 20,000 sq ft.
Coverage requirement on the ballot: 60% or 12,000 sq ft.
New Proposed Coverage Requirement: 60% or 12,000 sq ft.

Cost ($) to construct

Cost Evaluation

the building -$56,007,000 -$56,007,000
Additional Cost (%) -$275,315 to -$405,562 -$204,000 to -$341,235
Percent Cost Increase 0.49%-0.72% 0.4%-0.6%

Lowest: green area
Lowest: green roof + solar  Highest: green covering an area
Highest: green roof only equal to 18% of roof above code
energy efficiency

Cost description

~20% reduction in average costs for the new proposal



New Building: Industrial

150,000 square feet, 1 floor, roof is 150,000 sq ft.
Coverage requirement on the ballot: 10% or 15,000 sq ft.

Cost Evaluation New proposed coverage requirement:. 10% or 15,000 sq ft.
g&féi%) to construct the -$19,642,500 -$19,642,500
Additional Cost ($) -$303,604 to -$1,739,897 -$174,713 to -$255,000
Percent Cost Increase 1.5%-8.9% 0.9%-1.3%

Lowest: green area

Highest: green covering an
area equal to 3% of roof and
5% above code energy
efficiency

Lowest: green roof + solar

Cost description Highest: solar only

~80% reduction in average costs for the new proposal



Cost Evaluation

New Building: Retaill

70,000 square feet, 1 floor, roof is 70,000 sq ft.
Coverage requirement on the ballot: 30%, or 21,000 sq ft.
New Proposed Coverage Requirement:. 10% or 7,000

Cost ($) to construct the

building -$7,000,000 -$7,000,000
Additional Cost ($) -$648,702 to -$1,107,275 -$70,700 to -$119,000
Percent Cost Increase 9.3%-15.8% 1.0%-1.7%
Lowest: green area
Cost descrintion Lowest: green roof + solar Highest: green covering an area
P Highest: green roof only equal to 3% of roof and 5%

above code energy efficiency

~90% reduction in average costs for the new proposal



