






CRC Operational Energy - Example



CRC GHG Emissions - Equation

EM = FC x EF x CDE

• EM = Emissions (lbs of CO2e)
• FC = Fuel Consumed (gal or kWh)
• EF = Emission Factor (19.4 lbs CO2/gal gas; 22.2 lbs CO2/gal 

diesel; 2.095 lbs CO2/kWh coal; 1.321 lbs CO2/kWh natural 
gas)

• CDE = Carbon Dioxide Equivalents (100/95)
Source: EPA420-F-05-004, 2005. Environmental Protection Agency.

Source: EPA425-F-05-003, 2005. Environmental Protection Agency.



CRC GHG Emissions - Example



CRC GHG Emissions - Key Findings

• Alt 1 (No-Build)
• Alt 2 (Replace, BRT, Stnd Toll)
• Alt 3 (Replace, LRT, Stnd Toll)
• Alt 4 (Supplement, BRT, High Toll)
• Alt 5 (Supplement, LRT, High Toll)



CRC GHG Emissions – No-Build vs Build

• No-Build volumes 
higher compared to 
build alternatives
– Mode shift to 

HCT
– Tolling
– Increase in 

conventional 
transit



CRC GHG Emissions - No-Build vs Build

• No-Build speeds are 
lower compared to 
build alternatives

No-Build (Alt 1) Build – Replace (Alt 2 and 3)

Build – Supplement (Alt 4 and 5)



CRC GHG Emissions - Alt 2 (BRT) vs Alt 3 (LRT)

Difference is the result of transit, but small



CRC GHG Emissions - Alt 4 (BRT) vs Alt 5 (LRT)

Difference is the result of transit, but small



CRC GHG Emissions - Alt 2/3 (Replace) vs Alt 
4/5 (Supplement)

More substantial difference is the result of transit

Bridge crossing 
total is very similar 
(121.7 tons vs
121.3 tons)



CRC GHG Emissions - General Conclusions

• No-Build results in more GHG emissions compared to 
Alternatives 2 and 3
– Higher volumes (no toll, no mode shift)
– Lower operating speeds

• No-Build results in less GHG emissions compared to Alternatives 
4 and 5
– Substantial increases in HCT

• Differences between HCT (BRT vs LRT) mode are small
• Differences between bridge replacement (Alt 2 and 3) and 

bridge supplement (Alt 4 and 5) more substantial
– Higher GHG emissions from supplemental bridge from 

transit, not auto crossings



CRC Construction GHG Emissions - Caveats

• No-Build does not include emissions associated with 
maintenance

• Caltrans methodology doesn’t account for improved efficiency in 
construction equipment and processes

– CRC construction GHG estimates are on the conservative 
side



CRC Operations GHG Emissions - Caveats

• 24-hour operations model unavailable (16-hour VISSIM model)
• Emphasis on alternatives comparison for NEPA purposes
• Does not fully account for grade changes, tire wear, roadway 

surface conditions, ambient temperature, vehicle condition
• Does not account for potential GHG reductions due to safety 

improvements, elimination of bridge lifts, and bike/ped mode 
shift

– CRC operational GHG estimates are on the conservative side



Induced effects - How were they 
evaluated for CRC?
What kind of induced effects result from various kinds of 

transportation improvements?
– Survey of national research on induced effects
– Review of case studies
– Comparison of national research findings to CRC 

How would the project influence auto and transit crossings?
– Travel demand modeling and micro simulation

How would the project affect housing and employment location?
– Dynamic land use/transportation modeling

What kind of land use patterns are promoted by local plans?
– Review local and regional land use plans 



National Induced Growth Research and 
Case Studies on Highway Improvements

No.  The Portland Metro area has a long history of effective growth 
management.  Vancouver/Clark County follow the state 
Washington Growth Management Act, and any Urban Growth Area 
expansions are subject to state oversight. 

Local and regional land use regulations do little to manage 
growth 

Yes and No.  On the outer edge of the Urban Area under County 
jurisdiction, zoning allows and builders have provided lower 
density development (around 6 units per acre) .  However, in the
project area, higher density and mixed use developments are the 
standard market.  Further, the recent collapse in the housing market 
has had significantly more impact on low-density outlying areas 
than on urban centers. 

Real estate markets support low density development 

No. CRC adds a toll on the highway that increases auto travel costs 
relative to No-build alternative.Project reduces auto travel costs 

No. With CRC, I-5 travel time1 would be slightly shorter (by 5 
minutes or 11 percent) than No-build and would be longer (by 16 
minutes or 50%) compared to existing. 

Project substantially improves highway travel times  

No. CRC improvements are located 7 miles inside Vancouver 
Urban Growth Area boundary to the north, and over 13 miles 
inside Metro Urban Growth Boundary to the south. 

Highway project provides new access to land on the urban 
edge 

No. CRC is entirely within an urbanized area, and I-5 has been an 
Interstate corridor since 1958.  Project adds no new interchanges.

Highway project provides new access to areas previously 
un-served or greatly underserved by highways 

Does the CRC project and project area exhibit these factors?
Factors associated with increased auto trips and 
sprawl (based on national highway research)



National Induced Growth Research and 
Case Studies on Transit Improvements

Yes. Over 70 percent of residents polled support extending light
rail across the river to Vancouver.2Positive public perception of transit 

Yes. The majority of the recent and planned developments in 
downtown Vancouver are high density and mixed use.Real estate markets support such development 

Yes. Portland and Vancouver both plan to promote mixed use, 
higher density and transit oriented development along the 
light rail extension.

Local land use regulations and public investment support 
such development 

Yes. The project area is not currently served by high capacity 
transit and there is substantial latent demand for cross-river 
transit service

New access to developable/redevelopable land previously 
unserved or underserved by transit 

Yes. Transit mode split is projected to be about 17 percent with
the project, compared to 7 percent with the No-Build 
alternative. 1

High transit ridership 

Does the CRC project and project area exhibit these factors?

Factors associated with projects that promote 
higher density and/or transit oriented 
development



What does the induced demand analysis 
suggest for CRC GHG emissions?
Concentration of jobs from broader region to I-5 corridor 

– Likely to reduce VMT and GHG
Increased housing in north Portland, Vancouver and Clark 

County
– Likely mixed results but overall VMT and GHG 

reduction: better jobs/housing balance; better 
transit access and concurrent job growth 

Transit station area development and redevelopment
– Likely to reduce VMT and GHG more over time



Proposed FEIS 
Greenhouse Gas 

Emissions Analysis

Proposed FEIS 
Greenhouse Gas 

Emissions Analysis
Greenhouse Gas Expert Review Panel

November 20, 2008
Greenhouse Gas Expert Review Panel

November 20, 2008



Introduction

FEIS approach similar to DEIS approach 
with some additions and refinements:

• Construction energy
• Operational energy

– GHG emissions
• Focused on No Build and Locally 

Preferred Alternative (LPA)



CRC Construction Energy - Methodology

Similarities between DEIS and FEIS
• Caltrans methodology
• Data requirements
• General equations

Differences between DEIS and FEIS
• Updated construction cost estimates for LPA
• Inclusion of maintenance projects/costs for No Build



CRC Operational Energy - Methodology
Similarities between DEIS and FEIS
• ODOT energy methodology
• Data requirements
• General equations
• Transit methodology the same

Differences between DEIS and FEIS
• Study area
• Bridge lifts
• Collisions
• Level of detail



CRC Operational Energy - Study Area

• DEIS
– 0.9 mile segments of I-5 and I-205
– Best available data
– Most pronounced differences for 

alternatives comparison
• FEIS

– 5.0 mile segments of I-5 and I-205
– More detailed data
– More comprehensive, but differences 

may be less distinguishable



CRC Operational Energy - Bridge Lifts

• Previously unaccounted for in DEIS
• Coordinate with WSDOT/ODOT staff on 

assumptions
– Time of day
– Duration
– Frequency of bridge lifts

• Modify and calibrate existing conditions 
VISSIM model

• Model bridge lift for future No Build 
conditions



CRC Operational Energy - Accidents

• Previously unaccounted for in DEIS
• Collisions are a major cause of freeway delays
• Improving safety would reduce probability of 

accidents and reduce the associated GHG 
emissions

• Qualitative evaluation only because quantitative 
modeling would require too many assumptions
– Location
– Time of day
– Clearance time
– Number of lanes obstructed
– Which lanes obstructed



CRC Operational Energy - Level of Detail

VISSIM data used in DEIS
• 24-hour bridge crossing volumes (0.9 mile 

segments)
• Hourly operational speeds (16 hrs)

VISSIM data proposed for FEIS
• 24-hour bridge crossing volumes (5.0 mile 

segments), broken down per hour
– Link Evaluation (.str)
– Travel Time (.rsz)

• Hourly operational speeds (16 hrs)



CRC GHG Emissions - Methodology

GHG calculations the same between DEIS and FEIS

EM = FC x EF x CDE
• EM = Emissions (lbs of CO2e)
• FC = Fuel Consumed (gal or kWh)
• EF = Emission Factor (19.4 lbs CO2/gal gas; 

22.2 lbs CO2/gal diesel; 2.095 lbs CO2/kWh 
coal; 1.321 lbs CO2/kWh natural gas)

• CDE = Carbon Dioxide Equivalents (100/95)

Source: EPA420-F-05-004, 2005. Environmental Protection Agency.

Source: EPA425-F-05-003, 2005. Environmental Protection Agency.



CRC GHG Emissions - Anticipated Results

• Construction GHG emissions for No Build increase as a result of 
including maintenance projects

• Construction GHG emissions of LPA similar to DEIS estimates
• Operational GHG emissions

– Larger study area: Increase in total emissions for No Build 
and build alternatives

– Bridge lifts: Increase in No Build emissions
– Collisions: Qualitative discussion on benefits of improving 

traffic safety and reducing accident frequency
– Level of detail: increase in nominal differences, relative 

differences decrease



CRC Construction GHG Emissions - Caveats

• Caltrans methodology doesn’t account for improved efficiency in 
construction equipment and processes

– CRC construction GHG estimates are on the conservative 
side



CRC Operations GHG Emissions - Caveats

• 24-hour operations model unavailable (16-hour VISSIM model)
• Emphasis on alternatives comparison for NEPA purposes
• Does not fully account for grade changes, tire wear, roadway 

surface conditions, ambient temperature, vehicle condition
• Does not account for bike/ped mode shift

– CRC operational GHG estimates are more precise and still 
conservative for the LPA because we can’t quantify reduced 
emissions resulting from decreases in accident frequency

– CRC operational GHG for No Build are more precise, but 
does not account for emissions from accidents



Opportunities to 
reduce GHG emissions

Greenhouse Gas Expert Review Panel
November 20, 2008

Greenhouse Gas Expert Review Panel
November 20, 2008



How will the CRC help reduce CO2 emissions?

Resource: Mitigation of Climate Change, Fourth 
Assessment Report of the Intergovernmental Panel 
Climate Change, IPCC (2007)

– High-capacity transit (mode shift)
– Bike and pedestrian path and connections
– Tolling (fewer auto trips)

• Key factor in reducing VMT

– Reduced traffic congestion 
• 4.5 or 11 versus 15 hrs of daily congestion
• Reduces crash-related congestion
• No bridge lifts with Replacement



Intergovernmental Panel on Climate Change
Resource: Mitigation of Climate Change, Fourth 

Assessment Report of the Intergovernmental Panel 
Climate Change, IPCC (2007)

Includes many recommendations relating to transportation, 
including the “big three”:
– Vehicle efficiency
– Low-carbon fuels
– Improvement in systems management and decrease in VMT

• This is the one area that a transportation infrastructure project 
potentially has influence



Oregon: Governor’s Climate Change Integration 
Group: A Framework for Addressing Rapid Climate 

Change (January 2008)

• No specific guidance on NEPA actions

• However, it recommends reducing VMT by taking the 
following steps:
– Congesting pricing (pg. 47)
– Provide transportation options, e.g., transit (pg. 48)
– Land-use planning (pg. 49)

• “Supporting transit-orientated development (TOD) in 
proportion with the project increase in transit trips created by
the development”



Oregon: Governor’s Climate Change Integration 
Group: A Framework for Addressing Rapid Climate 

Change (January 2008)

Adopt “strategies to optimize the existing transportation 
system and manage congestion.” (pg. 50)

• Improve existing infrastructure by:
– “Bottleneck removal and other strategic capacity 

addition and frequently-congested sites.”

– “Improve incident management to address travel 
delay.”

– “Speed management to keep highway speeds at levels 
that allow for the most efficient operation of vehicles.”



Washington: Responding to Climate Change, Interim 
Report, The Climate Change Advisory Team for the 

State of Washington (January 2008)

• Promoting compact and transit-oriented 
development;

• Expanding transit;
• Ridesharing and commuter choice programs; and
• Establishing transportation pricing mechanisms 

that raise the cost of single-occupant vehicle 
travel



Mitigation: The options are endless



What is CRC considering to reduce GHG?

• Improve pedestrian and bike access to 
HCT stations 

• Plant trees to absorb or offset carbon 
emissions

• Construct with low impact materials
• Require construction contractors to use 

hybrid, electric or bio-fuels in 
construction machinery



What is CRC considering to reduce GHG?

• Use the right of way to generate green 
energy

• Provide opportunities for plug-in vehicles 
to get electricity at park and rides

• Operate the facility on green energy
• Increase ride-share & commute choice 

programs 

Develop Sustainability Plan with Final 
EIS



Adaptation




