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e |[dentify the potential challenges of reusing historic school
structures, and understand strategies for overcoming those
challenges.

¢ | earn strategies for adapting historic school facilities with
traditional classrooms into 21st century learning environments.

e Understand the carbon footprint and environmental impacts of
new school construction and the potential impact reductions
available through the adaptive reuse of historic school structures.

e Understand how the use of Life Cycle Assessment (LCA)
methodologies and tools can influence the future planning and
design of historic school reuse projects.



The Many Names of "Carbon"

The following is a list of terms that are
often used somewhat interchangeably
to refer to the emissions associated with
climate change or global warming [1]:

e Carbon
e Carbon footprint
e Carbon dioxide (C0O2)

e Carbon dioxide equivalent (COZ2e or
CO2eq)

e Greenhouse gas (GHG) emissions

¢ Fossil fuel emissions
e Global warming potential (GWP)
e Climate change (CC) potential

[1] Carbon Leadership Forum
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2012 Long Range Facilities Plan

Sustainability Principles of Design
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CONSTRUCTION + DESIGN / y
e Balance potential lifecycle savings of new f "

construction with the embodied energy

Investment in existing buildings. ? g

historic el t : .
" Unigus to neighborhoods. _— 'S .,..m'ﬂl
q d : e . /E_,..- o "",'.-," ||

e Use high quality salvaged or reused T — =P v i .,‘,,||||II

materials, limit virgin materials.

ENERGY EFFICIENCY
e Prioritize rehabilitation of original windows.

e Balance heating efficiency, daylighting,
environmental impact and lifecycle cost
when considering windows. N Franklin High Schodll, Portland (DOWA-IBI)
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2012 Long Range Facilities Plan

Principles of Historic Stewardship
RECOGNITION OF HISTORIC CONTEXT +
ARCHITECTURAL CHARACTER

e Reuse features of older and historic
buildings which cannot be duplicated.

e Prioritize repairing and maintaining original
windows to the extent feasible over
replacement.

EXISTING IS SUSTAINABLE

e Project teams should evaluate lifecycle
savings with embodied energy

e Full feasibility studies, consider
demolition debris

e Building reuse conserves energy

e De-construct + Salvage
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2012 Long Range Facilities Plan

Principles of Historic Stewardship

TEACHING THE VALUES OF REUSE

e Rehabilitation creates more jobs than new
construction

e Neighborhood schools encourage walking
and biking

e Study environmental impacts
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Importance of Cultural Value
Can't be Overstated / Hard to Calculate
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Historic Assessments

Benson High School

546 NE 12th Ave, Portland OR, 97232
View Site in Google Maps

Building Periods

1.Main Building (115A),1916

2.North Shop Wing (115C), 1917
3.South Shop Wing (115D), 1918

4.0ld Gymnasium (115E), 1925

5. Auditorium (115F), 1930

6. Aeronautics/ Automotive Shops (115G), 1953
7.Library Science Addition (115A), 1953
8.New Gymnasium (115H), 1964
9.New Library Addition (115J),1991
10.KPBS (115K), 1992

NE 12th Ave
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Roosevelt High School
6941 N Central St, Portland OR, 97203

View Site in Google Maps

Building Periods

1.0Original Building (124A), 1921
2.Boiler Room (124B), 1921

3. Auditorium Addition (124C), 1930
4.Gymnasium Add(124D), 1950
5.Classroom Add (124E), 1960
6.Cafeteria Add (124F), 1964
7.0bservatory, 1964

8.Shop Building, 1970

9.Field House, n.d.

Historical Significance
and Building Integrity

= Contributing
High Significance
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Challenges

e Historic Significance
¢ |ncorporating Educational Program
e Constrained Urban Sites

e Health and Safety

Water Quality: Modernization would include 8. Seismic: URM buildings and other structures
replacement of plumbing piping and fixtures. would receive a complete structural upgrade to
Fire /Life Safety: Aged fire alarm and sprinkler meet current building codes.

systems will be upgraded for improved safety. 9. Security Systems/Fencing: Secure entry and
Asbestos: Abatement and removal. video surveillance system upgrades to control
Lead Paint: Abatement and removal. access. Exterior service access and central
Building Envelope: Modernization would plazas to be fenced and secured during school
upgrade exterior walls, windows and roof to hours.

repair damage, improve energy efficiency and 10. Auditorium/Stage: Aging theatrical lighting and

increase durability.

ADA: Substantial upgrades to make all areas of
the school universally accessible and compliant
with current codes.

Radon: Modernization would provide a

new radon mitigation system below new
foundations.

rigging systems to be updated for improved
safety and maintainability.
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Window Replacement

CHALLENGES
e Condition

e Budget

e Heat gain

e |andmark Significance

STRATEGIES

e Prioritize rehabilitation on south and
west sides

¢ Renovate unique windows

e |f replacement is necessary, choose original
historical profiles

e Use water infiltration and air barrier testing
to prioritize most significant issues
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Design Strategies
for Adapting Historic School Facilities




Building Explorations

FINDING BALANCE
® Program

e Community Assets
* Environment

e Cost + Risk

SCENARIO 1B

AREA

231,200 SF Renovation
118,800 SF New Construction
350,000 SF Total

ESTIMATED COST
$216,286,430

SCENARIO 1C

AREA

231,200 SF Renovation
93,800 SF New Construction
325,000 SF Total

ESTIMATED COST
$204,904,382

Portland Public Schools | Lensa Consulting | Bassetti Architects

SCENARIO 2B

AREA

250,600 SF Renovation
99,400 SF New Construction
350,000 SF Total

ESTIMATED COST
$216,508,130

SCENARIO 2C

AREA

250,600 SF Renovation
74,400 SF New Construction
325,000 SF Total

ESTIMATED COST
$205,126,083

SCENARIO 3B

AREA

231,200 SF Renovation
118,800 SF New Construction
350,000 SF Total

ESTIMATED COST
$216,191,012

SCENARIO 3C

AREA

231,200 SF Renovation
93,800 SF New Construction
325,000 SF Total

ESTIMATED COST
$204,808,965
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Program

| | B — ,. e w
e Size + Capacit L ‘\. /
pacity , \ny \ll\\‘\ iy l'u"l'/ i

* District Standards " .

e Safety
» Accessibility " - #!:
e Adaptive Reuse Potential

» Site Specific Requirements
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Adaptive Reuse
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Adaptive Reuse

\ sy /
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"Original Green"

Historic buildings are well suited N e
for resource efficiency
200
g
E 150
.o Q
"Originally, before the Thermostat Age the o
places and buildings we built had no choice but § 100
to be green, otherwise people would freeze iS
to death in the winter, die of heat stroke by %
summer, starve to death or other really bad
things would happen.’ .
Before 1920 to 1946 to 1970 to 1990 to
o 1920 1945 1969 1989 2003
Stephen Mouzon, The Original Green e

. Space Heating . Cooling . Ventilation . Water Heating

. ; Other (Refrigeration, Cooking,
. Lighting . CEmERETS Office Equipment, Misc.)

Source: U.S. Energy Information Administration, Commercial
Buildings Energy Consumption Survey (2003).

- The Greenest Building: Quantifying the Environmental Value of Building Reuse
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Daylighting

T B
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Salvaged Materials
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Salvaged Materials
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Cost + Risk +52%
Hard Cost Estimates Based on 2019 $/SF

+89% +23%
Additional  r=---=
Contingency ¢+ ¢ Es  ____,
HVAC/Elec
Systems
Interior
Construction .
Envelope
: . N
Structure
Demolition [ — L ] -
Renovated New Renovated New Renovated New
Buildings Buildings* Buildings Buildings* Buildings Buildings*
Roosevelt HS Benson HS Natrona County HS

*BASED ON USING CURRENT MATERIALS AND STANDARDS, NOT A 1:1 REPLACEMENT OF SAME HISTORIC COMPONENTS
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Data Informed Design

e Due Diligence + Site Investigation e Energy Model

e Micro Climate Study e |ife Cycle Assessment

e Daylight Study e Crowd Simulation

3. Placement of Elements
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Triple Bottom Line

USTAINABILITY

SOCIAL
Preservation,
history,
cultural value

CARBON IMPACT
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What is Life Cycle Assessment?
Life Cycle Stages

EXTRACTION TRANSFORMATION @@

@; MANUFACTURING

RECYCLE i

/\ @ Z DISTRIBUTION
T L R R >

DISPOSAL
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Why Carbon Lifecycle Assessment is Gaining Traction

As operational energy shrinks and buildings approach net
zero, embodied carbon becomes more important

Global CO, Emission by Sector

CARBON
oBuiIding 70% 80% 90% NEUTRAL"
perations
28% -
TODAY 2020 2025 2030
Transportation MaE:;lg;:ga 4 Fossil Fuel Energy Reduction Renewable Fossil Fuel Energy Consumption
22% Construction The 2030 Challenge

11%

Source: ©2015 2030, Inc. / Architecture 2030. All Rights Reserved.
*Using no fossil fuel GHG-emitting energy to operate.

Source: ® 2018 2030, Inc. / Architecture 2030. All Rights Reserved. Data Sources:
UM Environment Global Status Report 2017: ElA International Energy Outlook 2017
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New Updates to AIA Code of Ethics

At the recommendation of the Mational Ethics Council and the New England Committee on the Environment, new
rules and ethical standards were also added to the Code of Ethics to address sustainability:

+ Members should promgie’fé

aavisetheir cientszfidemol  \When performing professional services, members shall
sunlight and grrergy for all; s

evironmert thatequitaby M AKe reasonable efforts to
f?smfing degraded or deplet or consequences the
=-When performing profession  my@amber reasonably believes may occur as a result of work

-
~~a.
T~

performed on behalf of thég performed on behalf Of the ClientS (RUIG 2.401).

= Energy conservation: memb )
with their clients for each project (Ethical Standard 6.1).

« Water use: members should optimize water conservation in each project to reduce water use and protect water
supply, water quality, and watershed resources (Ethical Standard 6.2).

Building materials: members should select and use building materials to minimize exposure to toxins and
pollutants in the environment to promote environmental and human health and 1o reduce waste and pollution
(Ethical Standard 6.3).

* Ecosystems: members should consider with their clients the impact of each project on the natural habitat and
ecosystem to promote environmental and human health (Ethical Standard 6.4).

Climate change: members should incorporate adaptation strategies with their clients to anticipate extreme
weather events and minimize adverse effects on the environment, economy and public health (Ethical Standard
6.5).

« Members shall consider with their clients the environmental effects of their project decisions (Rule 6.501).

An updated copy of the Code of Ethics and more information on the National Ethics Council can be reviewed on
AlA's website.
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State and Local Capital Outlay

K—12 Facilities Account for About One-Quarter of
State and Local Infrastructure Investments

Percent of total state and local capital outlay, 1995-2012

"¢ Higher Education
W K-12
™ Hospitals

M Highways
" Public Safety
B Natural Resources

V)
. Parks and Rec

3%

M Sewerage
B Solid Waste
Utilities
Source: U.S. Census of Governments, State and Local

Government F-13 Fiscal Survey, FY 1995-2012, omitting 1997,
2001, 2003
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Building Reuse

Under what conditions is building reuse environmentally
favorable compared to demolition and new construction?
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Quantifying Environmental Impacts

The Greenest Building:
Quantifying the Environmental
Value of Building Reuse

A REPORT BY: WITH SUPPORT FROM: IN PARTNERSHIP WITH:
Preservation {(Jycascana  SKANSKA
Green Lab -
NATIONALTRUST FOR THE SUMMIT

HISTORIC PRESERVATION Green Building Services

FOUNDATION 9}‘39 QF!?

Summary of Results - The Greenest Building: Quantifying the Environmental Value of Building Reuse

Climate Change

ENVIRONMENTAL IMPACTS OF RENOVATION AS A PERCENTAGE OF NEW CONSTRUCTION

Legend

I New Construction
(represents 100%)

Rehabilitation + Retrofit in:

I Chicago

I Atlanta

I Phoenix

I Portland

Warehouse to Office Mixed-Use Elementary School Single-Family

BaseCase  Chicago [N 6% 7 I 0%
atarta I -10% 7% 7 -1
proenic I 2% 0% o I
Portiand | 15% 1% ..

Ad dCase Chicago ([N 2% 7% -20% 2% I 5%
Atlanta [ 3% 7% -20% 0% .., 6%
Phoenix s 4% -8% 23% 0% [ 6%
Portiand [ s 6% -9% -25% 2% [ 7%
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Year of Carbon "Equivalency"

Building Type

Conversion

Urban Village Mixed Use 42 Years 80 Years
Single-Family Residential 38 Years 50 Years
Commercial Office 25 Years 42 Years
Warehouse-to-Office Conversion 12 Years 19 Years
Multifamily Residential 16 Years 20 Years
Elementary School 10 Years 16 Years
Warehouse-to-Residential Never Never
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Comparison - New Construction vs. Re-use

Legend

B \ew Construction
(represents 100%)

Rehabilitation + Retrofit in:

This study finds that it takes 10 to 80 years for B Chicago

a new building that is 30 percent more efficient B Atlanta

than an average-performing existing building BN Phoenix
B Portland

to overcome, through efficient operations, the
negative climate change impacts related to the Elementary School
construction process.

| Base Case chicago [HNNNNNNS 7%
gy L o Atlanta [ 7%
The Greenest Building: Quantifying the o o

: - s Phoenix (MMM 8%

Environmental Value of Building Reuse <
O Portianc [ -10%

()
"a Advanced Case Chicago _ -9%
B rortiand [ 2

- The Greenest Building: Quantifying the Environmental Value of Building Reuse
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The Life Cycle Assessment Process
Our Goal: Calculate the Carbon Impact of the Proposed Design Against Other Scenarios

1. DEFINE GOAL
AND SCOPE

2. COLLECT

INVENTORY

3. PERFORM IMPACT

ASSESSMENT

4. INTERPRET
RESULTS

5. REPORT
RESULTS
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LCA Data by thinkstep

Information
w Display :  Metric ~
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in (EX) 6 Conc
Total Instance Count: 48
Total Wall Area : 1945 m*
Total Wall Perimeter : 4097 m
Total Wall Length : 123.0m
Layer Thickness : 152 mm
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reinforcement as specified by user (none/low/moderate/high) and fiy
ach replacement included in mix as specified by user,
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67,703 kg of Structural concrete, 4001-5000 psi, 0-19% fly ash andfor
slag

Service life : default to building life

Existing or salvaged material

Takeoff method : by modeled volume, using a default value of 100%
by vol and a density of 2284.1126 kg/m*

4,212 kg of Steel, reinforcing rod

Service life : default to building life

Existing or salvaged material
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- Life Cycle Assessment of Buildings: A Practice Guide
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Life Cycle Assessment of Benson Polytechnic High School

Scenario 1: Keep Existing Building
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Life Cycle Assessment of Benson Polytechnic High School
Scenario 2: Proposed Design

EXISTING BUILDING PROPOSED DESIGN
Demolish 155,100 sf of Existing Build 136,800 sf of New Building
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Life Cycle Assessment of Benson Polytechnic High School
Scenario 3: Replace Entire Building with High-Performance Design
Scenario 4: Replace Entire Building with Baseline Code-Compliant Design

EXISTING BUILDING COMPLETE REPLACEMENT
Demolish 370,000 sf of Existing Building Build 368,000 sf of New Building
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Defining Scope for the Benson Case Study

New Construction (included in scope)

SCOPE INCLUDES
e Structure

e Foundations

e Enclosure Existing Building (excluded from scope)

® |nteriors

NOT INCLUDED

e Mechanical Systems Rehabilitation & Retrofit of Existing Building (included in scope)

¢ Plumbing

e Electrical Systems

e Site Improvements

- The Greenest Building: Quantifying the Environmental Value of Building Reuse
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Initial Results
Proposed Design vs. Replacement

25000 —

Replacement

20000

15000

Proposed
10000 Design

5000

24,020 mtCO2 11,980 mtCO2
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Initial Results
Proposed Design vs. Replacement

ACRES OF FOREST
GROWTH OVER 75
YEARS

~ Benson
Polytechnic High
School Site =
7.6 acres

B Proposed Design

= 11,980 mtCO2
196 acres

B Replacement
Construction =

24,020 mtCO2 /
355 acres
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Benson Polytechnic High School

Historic buildings are well suited for resource efficiency

Operational
GHGe (mt CO2e/yr)

2500

2000

"We cannot build our way to sustainability. We

must conserve our way to it." 1500

- Elefante 1000

500

Baseline  Existing  Proposed Proposed
(w/cooling) (w/cooling) (w/solar)
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Energy Use
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Initial Results
Building Re-use Reduces Lifetime Carbon Footprint

Cummulative Metric Tons of CO2 over 75 years

250,000
200,000
150,000
100,000
- i 1 i I1 I I I I I
1 11 alnlh
1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
W 1: Existing ®2:Proposed 3: Replacement m 4: Baseline Bldg
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As Operational Energy Shrinks and Buildings Approach
Net Zero, Embodied Carbon Becomes More Important

Global CO, Emission by Sector

Building
Operations
28%

‘ Building
Transportation Materials and
22% Conslti*%ction

Source: © 2018 2030, Inc. / Architecture 2030. All Rights Reserved. Data Sources:
UM Environment Global Status Report 2017: ElA International Energy Outlook 2017
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Embodied Carbon as a Percentage of Total Carbon Footprint

Total Carbon Over 20 years Total Carbon Over 75 years
250,000
80,000
70,000 200,000
60,000
~ 50,000 ~ 150,000
2 2
+ 40,000 =
£ € 100,000
30,000
20,000 50,000
10,000 o
12% PEYA 1%
0 0
Proposed Replace Baseline Proposed Replace Baseline
B Embodied Carbon B Operational Carbon B Embodied Carbon  ® Operational Carbon
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Tally Analysis of Benson Proposed Design
Carbon Footprint / Embodied Carbon

Product . Concrete L] Walls
End of Life . Metals . Structure
. Maintenance + Replacement . Finishes Floors
. Transportation . Thermal and Moisture Protection Roofs
B Openings and Glazing Curtain Wall Mullions
B Doors and Windows
Global Warming Potential Global Warming Potential Global Warming Potential
Life Cycle Stages Divisions Building Elements
2%
4%

1%
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Portland Power Use and Seattle Power Mix

9% 91%
15% -

Wind
Hydro / 33% Hydro

Purchased
Power

1%
Biogas
4% Nuclear

1% Coal
170 Wind
1% Others
1% Natural
Gas

15%
Coal

Gas
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Initial Results - Seattle Utility Source

Cummulative Metric Tons of CO2 over 75 years

120,000

100,000

80,000

o

Q 60,000
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40,000
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1Al
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W 1: Existing ™ 2: Proposed 3: Replacement

m 4: Baseline Bldg
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Embodied Carbon as a Percentage of Total Carbon Footprint
Seattle Utility Source

Total Carbon Over 20 years Total Carbon Over 75 years
50,000 100,000
40,000 80,000
o 30,000 o 60,000
9 9
S S
20,000 40,000
41% 72%
10,000 59% 20,000 22%
28%
0 0
Proposed Replace Baseline Proposed Replace Baseline
m Embodied Carbon  m Operational Carbon B Embodied Carbon  m Operational Carbon
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Next Steps: Reducing Embodied Carbon in New Construction

1st INTERNATIONAL CONFERENCE ON

| INNOVATION IN

/) LOW-CARBON

¢ CEMENT & CONCRETE
TECHNOLOGY

LONDON 24-26 JUNE 2019

S e

= sy

Wood
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Conclusions

It can take decades for a new building
to offset the carbon embodied in its
construction.

Building re-use and renovation offer
significant reductions in embodied
carbon - 55% in the case of Benson
Polytechnic High School.

Reducing the carbon footprint of our
buildings requires not just energy use
reductions but reductions in embodied
energy.

Adaptive reuse of historic schools helps
meet the triple bottom line (social,
economic, and environmental) while
also creating successful 21st learning
environments.
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