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Course Description

This course serves as an introduction to developing carbon neutrality pursuits within the 

AEC industry. Covering a myriad of case studies and topics, the course identifies where 

carbon emissions occur in the built environment, and the strategies being proposed to 

address them. With a full spectrum of considerations covering the entire span of a 

buildingôs lifecycle, the presentation offers valuable information the attendees can apply 

to their future projects.



Course Objectives

Demonstrate an understanding of the design issues affecting Carbon Neutral buildings.

Identify the stakeholders responsible for achieving a Carbon Neutral building.

Define the difference between embodied and operational carbon emissions. 

Apply best practices to Carbon Neutral building design, construction, and operations.
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The Shift to Carbon

Building Industry



Defining a Carbon Neutral Building

What does it mean 
to be carbon 
neutral?



Operational 
Emissions

Carbon Offsets / 
Removals

Embodied 
Emissions

Operational 
Emissions

Defining a Carbon Neutral Building

Simple Definition Meaningful Definition

Carbon Offsets / 
Removals

Embodied 
Emissions

Operational Emissions are 
eliminated or drastically reduced 
through efficiency, electrification, 
and renewables

Embodied carbon emissions are 
drastically reduced through 
material selection and reduction 

Carbon offsets/removals are 
minimized

ά! ϥbŜǘ ½ŜǊƻ ό²ƘƻƭŜ [ƛŦŜύ /ŀǊōƻƴΩ !ǎǎŜǘ is one where the sum total of all 
asset related GHG emissions, both operational and embodied, over an 
ŀǎǎŜǘΩǎ ƭƛŦŜ ŎȅŎƭŜ όaƻŘǳƭŜǎ !м-A5, B1-B7, C1-C4) are minimized, meet local 
carbon, energy and water targets, ŀƴŘ ǿƛǘƘ ǊŜǎƛŘǳŀƭ ΨƻŦŦǎŜǘǎΩΣ Ŝǉǳŀƭǎ ȊŜǊƻΦέ
-Whole Life Carbon Network

What does it mean 
to be carbon 
neutral?



GettingToNeutral



Getting to Carbon Neutral

1
Maximize energy 
efficiency and 
reduce demand

2
Eliminate fossil 
fuels (Electrify)

3
Provide renewable 
energy that achieves 
additionality

4
Limit upfront 
embodied carbon

5
Consider Whole 
Life Carbon and 
Offsets

CO2e

Big Picture Steps
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Å Efficient HVAC Systems
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2. Eliminate Fossil Fuels

Grid Emissions Over Time (Predicted)

GRID CHANGES

Å ά9ƭŜŎǘǊƛŦƛŎŀǘƛƻƴέ

Å Wind and solar capacity 
estimated to increase by 
350-465% by 2030

Å Eliminating fossil fuels 
allows buildings to 
decarbonize with the grid

NREL Cambium 2020



3. Prioritize On-Site Renewables

RENEWABLES

Å On-Site Solar
Å Most likely to achieve true additionality
Å Multiple Installation Options:
Å Roof
Å Parking Structures
Å Ground Mount
Å Building Façade

Å Self-consume as much as possible

Å Consider off-site if site limitations exist. 



4. Minimize Embodied Carbon

DESIGN STRATEGIES

Å Prioritize adaptive reuse

Å Reduce and optimize 
building materials by 
utilizing EPDs and WBLCA 
Modeling Tools

Å Minimize High GWP 
Refrigerants



5. Whole Life Carbon and Offsets

Additional Considerations

Å Consider the purchase of 
carbon offsets/removals to 
άƴŜǳǘǊŀƭƛȊŜέ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ 
embodied and/or operational 
carbon

Operational 
Emissions

Carbon Offsets / 
Removals

Embodied 
EmissionsCarbon 

Neutral



CaseStudy

Big Idea
Can a historic building receive Historic 
Preservation status and simultaneously 
achieve Net Zero Energy and Carbon Neutrality?



IntroductionPepper Construction, Cincinnati Office

25,000 SF
Office Community

Historic 

Preservation

Health and 

Wellness

Original
Construction

1912
Climate Drawdown



Preliminary Goals

5 Drawdown Solutions

- Rooftop Solar

- Refrigerants

- Insulation

- Water Savings

- Carbon-Infused Concrete



Project Timeline

Stakeholder 
Meetings & 

Design 
Charettes

Front Loading

Present 
Options + 
Modify as 
Necessary

Start Design
SD
DD

Design Assist

Evaluate 
Budget/ 
Estimate 

at Each Phase

To Bidding + 
Construction

Brainstorm
Options

Systems, Envelopes, 
Glazing/Fenestration, 
Plug Loads, Historic 

Preservation

Compare 
To 

Precedent

Calculations/ 
Modeling +

Narrow Options

Set Goals
- Energy
- Maintenance
- Operations

Finalize OPR

WǳƴŜ нмΩ

Estimated 
Completion 

Dec 30
{ŜǇǘ нмΩ aŀǊŎƘ ннΩ



Finalized OPR

PROJECT REQs

Å Energy Intensity
Å Embodied Carbon
Å Envelope 

Performance
Å Air Quality
Å Light
Å Sound
Å Certifications
Å Historic 

Preservation
Å Budget
Å Etc.
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TARGET BEFORE PV
17 ð30 EUI

65 ð80% REDUCTION

FINAL TARGET
NET POSITIVE 

100% ON-SITE PV

BASELINE
85 EUI

OFFICE BUILDING 

(2003)

Maximize Energy Efficiency



Maximize Energy Efficiency

HVAC ς53%

Plug Loads ς32%

Lighting ς12%

DHW ς3%

Identifying ECMs

Å Load Reduction
Å Improved Existing Envelope
Å High Performance HVAC
Å Office Equipment
Å LED Lighting and Daylighting

Å Constraints
Å SHPO Requirements
Å Existing Structure/Envelope
Å Costs

Typical Office 
Energy Use



Maximize Energy Efficiency

Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7

Repair Only
High 

Performance 
Lime Plaster

Air Barrier, No 
Insulation

Air Barrier, 
Insulation, 

Smart Vapor 
Barrier

Air Barrier, 
Insulation, 

Smart Vapor 
Barrier

No Air Barrier, 
Insulation

Air Barrier, 
Insulation

Envelope Selection



Maximize Energy Efficiency

Option 5
Å Interior Insulation
Å Air-Sealing Using Liquid 

Applied Air Barrier



Maximize Energy Efficiency

Effective Wall R-Value:
R-5.5

Target Infiltration Rate = 
0.27 CFM/SF @75Pa 

Effective RoofR-Value:
R-35

Interior Storm Windows

ENVELOPE
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EXTERIOR WALL STRATEGIES

Baseline Interior Insulation + Air 
Sealing

Interior
Insulation-Only

Air Sealing-Only

Freeze-Thaw 
Concerns Vapor 

Permeance 
Concerns

SHPO Wall 
Thickness 

Limitations

Option 3

Air Barrier, No 
Insulation



Maximize Energy Efficiency

Geothermal Water Cooled VRV/VRF Geothermal Heat Recovery Chiller W/Fan Coils

$/S.F. Includes Geothermal 
Well Field Cost

$56/Square Foot = $1,341,078 $61/Square Foot = $1,461,078

Replacement Cycle15 ς20-year replacement of entire system including 
refrigerant piping.

20 ς25-year replacement of Chiller. 30 ς40-year 
replacement of fan coils. Infrastructure remains in 
place.

15/20 Year LCA$1,618,000/$3,050,650 $1,728,000/$1,916,500

Refrigerant Volume Based 
on 40 Tons

284 lbs. of Refrigerant Factory Sealed Refrigerant System. 48 lbs. of 
Refrigerant

HVAC Selection



Maximize Energy Efficiency

HVAC SELECTION

Å Heat Pump Chiller + Fan 
Coils

Condenser

Evaporator

Condenser

Evaporator

Condenser

Evaporator

Load-Side
(Fan Coils)

Source-Side
(Geothermal)

Geothermal 
Wellfield

Hot Water

Chilled Water

Modular Heat Pump Chiller



Maximize Energy Efficiency

HVAC SELECTION

Å Heat Pump Chiller + Fan 
Coils

Å Ventilation Air Conditioning
Å Enverid
Å Energy Recovery
Å IAQ Monitoring
Å MERV-13
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Maximize Energy Efficiency



Additional Efficiency Measures

Å Lighting:
Å 0.35 W/sf
Å Interior and Exterior Lighting 

Controls

Å Plug Loads:
Å Laptop Docking Stations
Å Energy Star Appliances
Å No beviMachines

Å DHW
Å Low Flow Fixtures
Å Heat Pump DWH Heaters

Maximize Energy Efficiency

PROPOSED

30 EUI
kBTU/sf/yr

65%
Savings

85 EUI
kBTU/sf/yr

BASELINE

Heating

Cooling

Fans

Pumps

Domestic Hot Water

Interior Lighting

Exterior Lighting

Process

Heat Rejection



Eliminate Fossil Fuels

E
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ct
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FUEL SOURCE END USE

Natural Gas

Heating

Cooling

Fans

Pumps

DWH

Interior Lighting

Exterior Lighting

IT

Kitchen
Elevator
Refrigeration

Plug Loads

No fossil fuels 
combusted on-site

Å Geothermal 
Heat Pumps

Å DHW Heat 
Pumps

Å All-Electric 
Appliances



Prioritize On-Site Renewables

Solar Array

Å DC Capacity = 214.5 kW
Å AC Capacity = 200 kW
Å Annual Production = 250,000 kWh
Å Net Positive Energy



PROPOSED

30 EUI
kBTU/sf/yr

65%
Savings

Prioritize On-Site Renewables

115%
Annual energy use 

offset by solar 

NZ Carbon in Operation ςάAn asset where no fossil fuels are 
used, all energy use (Module B6) has been minimized and meets 
the local energy use target, and all energy use is generated on-
or off-ǎƛǘŜ ǳǎƛƴƎ ǊŜƴŜǿŀōƭŜǎ ǘƘŀǘ ǊŜǇǊŜǎŜƴǘ ŀŘŘƛǘƛƻƴŀƭƛǘȅέ
- WLCN, LETI, RIBA



Minimize Embodied Carbon

Based on preliminary study 
using OneClick LCA. LBCI 

Requires new projects to be 
under500 kgCO2e/m2

Renovation Alone Additional Goal
Achieve a 10% reduction within 

renovation scope alone. 

470 
kgCO2e/m2

203
kgCO2e/m2 184

kgCO2e/m2

57% 
Reduction

61% 
Reduction NEW CONSTRUCTION BASELINE

Baseline New Construction

10% Renovation 

Reduction 

Reuse

CARBON NEUTRALITY

Based on early-stage Life Cycle Assessments  (A1-A5, B1-B5, C1-C4) for structure, enclosure, and interior scopes.



Carbon Comparison

Equivalent Emissions

1,197 US Homes
Over One Year

2,048 Vehicles
Driven for a Year

Based on early-stage Life Cycle 
Assessments  (A1-A5, B1-B5, C1-
C4) for structure, enclosure, and 
interior scopes.

Operational emissions based on a 
static emissions factor of 985 
lb/MWH of electricity consumed. 



IntroductionPepper Construction, Cincinnati Office

30
Designed EUI WELL Silver Net Zero Energy

Net Zero Carbon 

Operations
LEED Gold

Carbon Neutral 

??


