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Who are you?



Why are you here?

• Expand technical knowledge

• To teach others

• Climate action plan goal

• Only presentation option at this time

• Other



What’s your institution type?

University
State College

K-12
Hybrid



Current requirements

✓ Green building certification

✓ Life-cycle cost analysis

✓ Benchmarking

✓ Climate action plan goal

✓ Other



Setting the Stage

Your Workbook Includes:

Defining Net Zero Energy
Greenhouse Gas Emissions Inventory
Reference Data

• Typical Energy Use
• Emissions Factors
• Building Type Data

Data Collection Worksheet
Resources



Net Zero Energy and Campuses

Why?
Mission Alignment

American College and University President’s Climate 
Commitment

Long-Term Capital and Operations Planning

Opportunities
Utility Providers

Diverse Building Types

Life-Cycle Mindset



Defining Net Zero Energy

Zero Energy Building (ZEB) 
an energy-efficient building where, on a source energy basis, 
the actual annual delivered energy is less than or equal to the on-site 
renewable exported energy.

Zero Energy Campus
an energy-efficiency campus where, on a source energy basis, the 
actual annual delivered energy is less than or equal to the on-site 
renewable exported energy.

Zero Energy Portfolio
same as above, but with portfolio instead of campus.

Zero Energy Community: 
same as above, but with community instead of campus. 

WB Pg. 1



Defining Net Zero Carbon

WB Pg. 1 + 2



Not all metrics are created equal

Zero energy = Zero carbon = Zero cost
Definitions are key: Boundary driven

31.5% efficiency

WB Pg. 3 + 10



boundaries
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the complexity of energy

USEPA eGrid
www.epa.gov/energy/power-profiler
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Coal Natural Gas Hydro Nuclear Solar Biomass Wind

the complexity of energy
emissions factors by fuel source

Life cycle CO2 equivalent (including albedo effect) from selected 
electricity supply technologies. 

Arranged by median values gCO2 eq/kWh.

Coal Natural Gas Hydro Nuclear Solar Biomass Wind
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types of energy

• Non-renewable vs.
Renewable

• Embodied Energy

• Water-Energy Nexus



campus energy

• Benchmarking (ENERGY STAR)
Median Site EUI: 130.7 kBTU/yr-gsf
Median Source EUI: 262.6 kBTU/yr-gsf

• Variables
Campus Utility System
Building Types
Academic Calendar
Building Stock Vintage
Submetering

WB Pg. 5



2030 challenge

www.architecture2030.org



campus energy
cost trends

www.eia.gov/dnav
www.eia.gov/electricity

Electricity – average retail price Natural Gas – average retail price

WB Pg. 8 + 9



standards alignment

• Normalized Scale to 2003 
CBECS = 100, Zero Energy = 0

• Goal was to index code/standard to 
scale to allow easier comparison

• Source energy basis

Zero Energy Performance Index – zEPI



design for net zero

net zero approach



integrated design matters



INTEGRITY

operations matter

CONSTRUCTION
DOCUMENTS



food for thought

• Electrification
District Utility + GSHP
PV Cost

• Value of carbon for life-cycle 
cost analysis: $20/ton

• The role of renewable energy 
credits (RECs)



the game



the game

Hypothetical Hi-ED campus

• Total built area: 2,000,000 SF

• Climate zone: ASHRAE 4A

• Sustainability: LEED certified equivalent

• Energy performance: At least 5% better than code



building types



building types



prototype data
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data by metric 90.1-2013

Site: 62 kBTU/yr-gsf
Source: 158 kBTU/yr-gsf
Cost: $1.52/sf
CO2: 17 lb/sf

Usage by campus building type
Usage by system type



three activities

• Step 1: demand profiles
• when is energy used?

• Step 2: energy use / cost
• how is energy used?

• Step 3: net-zero strategy
• what do you do to achieve 

the goal?



step 1: demand profiles

• Load profile for a typical college 
building in California



step 1: demand profiles
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• Develop a load profile 
per building and 
accumulate for the 
whole campus.



step 1: demand profiles
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step 1 results: demand profiles
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step 1 results: demand profiles
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step 1 results: demand profiles
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step 1 results: demand profiles
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break



case studies



West-MEC SW Campus



master plan



master plan



context



master plan



master plan



design concept



master plan

design concept



active learning



cognitive learning



collaborative learning



net-zero design



net-zero design



net-positive design



lessons learned

Creating a ‘microgrid’ – scale down

• Establish the electrical load and its upstream electrical utility impact 
• Recognize the infrastructure limitations - medium voltage service in lieu of a series of 3000 Amp services as determined 

by utility company
• Solar technology advancements are advantageous 

Building Usage Changes – good to do post-occupancy reviews to adjust master planning for future phases 
We were able to balance the additional need in energy through a much more aggressive passive design and optimized solar 
design.

If micro-grid is the vision, explore a variety of strategies:
- Diversity in usage between buildings
- Ownership of individual buildings over the period of development if it is not under one management
- Development agreements to include load shedding, connected utilities and utility purchase and sale costs
- Energy recovery between various building usages
- Maintenance agreements on centralized energy sources



step 2: energy use/cost

• this exercise is to establish an 
energy budget per building type

• Bag of Legos at each table
• 5 building type cards

• goal: how much source energy 
does each building consume in 
gas and electricity?

• total campus source energy use 
/ site energy cost budget should 
equal to 100.



step 2 results: energy use/cost

source energy units: 18 (E – 17, G – 1)

energy cost units: 19 (E – 18, G – 1)

source energy units: 34 (E – 29, G – 5)

energy cost units: 33 (E – 29, G – 4)

source energy units: 17 (E – 16, G – 1)

energy cost units: 17 (E – 16, G – 1)



step 2 results: energy use/cost

source energy units: 25 (E – 18, G – 7)

energy cost units: 24 (E – 19, G – 5)

source energy units: 6 (E – 6, G – 0)

energy cost units: 7 (E – 7, G – 0)

source energy units: 100 (E – 87, G – 13)

energy cost units: 100 (E – 89, G – 11)



LBCC IEMP



LBCC IEMP



June 2018

Step 1: Vision
• Identify drivers and set goals with timelines
• Convert goals into measurable KPIs (Key Performance Indicators)

Step 2: Macro-scale Plan
• Implementable plan that identifies

• Strategies to achieve set goals.
• Projects that includes Strategies with acceptable ROI.

• Timelines with funding opportunities.

Step 3: Micro-scale Initiatives
• Measurable and verifiable implementation projects

• At campus level
• At building level

steps in energy master planning



driving factors

• Energy codes getting more stringent – driving 
toward zero net energy.

• Student population expecting stewardship.

• Develop an integrated energy master plan 
(IEMP) to primarily meet the requirements of 
Executive Order (EO) B-18-12.

• Align the IEMP with other energy policies such 
as EO B-30-15, EO S-3-05, AB 32 etc.

• Include recommendations for larger 
sustainability goals as part of the IEMP as an 
additional scope.



IEMP goals



scope and schedule



key performance indicators



key metrics + timelines



setting targets



anticipate results



performance analysis – lenses 



performance analysis – lenses 



design recommendations 



ex.: design recommendations 



anticipated results 



anticipated results 



general fund savings 



general fund savings 



break



step 3: net-zero strategy

• this exercise is to apply 
appropriate strategies to 
achieve net-zero energy at a 
campus level

• 87 legos for electricity
• 13 legos for gas

• goal: eliminate 100 source 
energy use units via strategies 
that have the least capital cost 
with the most savings on 
operational costs

• total campus energy use blocks 
left should equal to 0.



step 3: net-zero strategy

• 16 independent strategy cards
• 2 strategies are cumulative

• solar – 15%, 30%, 45%
• battery – 15%, 30%, 45%

• with each card, you can 
eliminate certain number of 
source energy units

• you will have to gauge how 
much of that is electricity and 
gas

• an estimate on actual numbers 
provided based on our 
simulation



step 3 results: net-zero strategy

• strategies eliminate both gas 
and electricity

• energy cost units are higher 
than 100 as synergies between 
strategies not taken into 
account

source energy units savings: 100 (E – 87, G – 13)

energy cost units: 114

capital cost units: 89

strategies:

• solar thermal
• lighting
• retro-commissioning
• low-cost HVAC
• medium-cost HVAC
• phase change materials
• plug-load control
• PV – 30%
• Cogen



discussion



climate commitment

http://secondnature.org/climate-guidance/the-commitments/#Climate_Commitment
http://reporting.secondnature.org/home/

American College and University Presidents 
Climate commitment. 
The Climate Commitment integrates carbon 
neutrality with climate resilience and provides a 
systems approach to mitigating and adapting to 
a changing climate.

The Second Nature website is a resource to 
help innovative leaders build broader and 
deeper levels of climate action impact both on 
and off campuses.

http://secondnature.org/climate-guidance/the-commitments/#Climate_Commitment
http://reporting.secondnature.org/home/


aashe stars

https://stars.aashe.org/

Association for the Advancement of Sustainability in 
Higher Education

Sustainability Tracking, Assessment and Rating 
System

OP1: Greenhouse Gas Emissions
OP3: Building Operations and Maintenance
OP4: Building Design and Construction
OP5: Building Energy Consumption
OP6: Clean and Renewable Energy

https://stars.aashe.org/


ENERGY STAR Target Finder

Energy Benchmarking

http://www.energystar.gov/buildings/tools-and-resources/target-finder-0

http://www.energystar.gov/buildings/tools-and-resources/target-finder-0


lab benchmarking

Enter your 
lab data

System compares 
your lab with 
760+ buildings 
in database

View your 
data report

Labs 21 Benchmarking Tool is hosted by Lawrence Berkeley National Lab (LBNL) 
http://www.labs21benchmarking.lbl.gov

http://www.labs21benchmarking.lbl.gov/


carbon neutral

https://www.nrel.gov/climate-neutral/terms-definitions.html

NREL Carbon Neutral Campus Key Terms and Definitions

https://www.nrel.gov/climate-neutral/terms-definitions.html


carbon neutral

https://nrel.gov/climate-neutral/planning-tool

NREL's Climate Action Planning Tool provides a quick, basic estimate of how various technology 
options can contribute to an overall climate action plan for your research campus.

Enter baseline
data

Set and adjust 
emissions and 
technology 
options

View your 
data report

https://nrel.gov/climate-neutral/planning-tool


conclusion




