
Building Decarbonization
An Overview and Introduction
Leading with Action
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It is great to be able to spend time with you today talking about building decarbonization.  Decarbonization is the process of removing or reducing human-made GHG emissions.

The world is coming together to reduce the amount of carbon we emit into the atmosphere, and all industries and sectors will need to contribute. 
The building sector is no exception.  Our industry is one of the most significant contributors to human-made carbon emissions.

I want to update you on the progress of building decarbonization and discuss possibilities for near-zero emissions.  
I am going to use the term carbon.  That term is short for greenhouse gas emissions (GHG) using carbon dioxide equivalent.

As engineers we must never stop exploring possibilities for improving our future.  It’s in our DNA.  This is true when we look to decarbonize the building industry.
We will need both innovation and action to reach these solutions.

This presentation will cover:
Overview and terminology
What building decarbonization means
Why it is important
The key, global issues
Pathways to decarbonization, and ASHRAE’s involvement
Emerging issues and opportunities





1.9 billion
24% increase in the next 30 years

Information Source: 
(https://www.un.org/en/sections/issues-depth/population/)
The World Population Prospects 2019

Population Growth
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Today more and more people around the world are seeking to improve their quality of life, 
as our world population has more than quadrupled over the past 100 years.  

Between now and 2050, the world population is expected to increase by 1.9 billion people.  

By 2050, 7 billion people (approximately 70% of the worlds population) are projected to live in urban areas.  




2060: 2.5 trillion ft2 

230billion m2 

Constructing an entire New York City
every month

Information Source: https://architecture2030.org/new-buildings-operations/
By 2060, the world is projected to add 230 billion m2 (2.5 trillion ft2) of buildings, or an area 
equal to the entire current global building stock*. This is the equivalent of adding an entire 
New York City to the planet every 34 days for the next 40 years.
*UN Environment, Global Status Report 2017

Building Growth

Presenter Notes
Presentation Notes
To meet these needs, the global building stock is expected to double by 2060 – meaning we will need an additional .  

This is the equivalent of adding 5.48  billion sq ft of new building stock (an entire New York City) to the planet every 34 days for the next 40 years and most of that is going to occur in the global south (approximately 80%).

Our target: “we must eliminate all CO2 emissions from the built environment by 2040 to meet 1.5 Deg C climate targets [limit on global average temperature – Paris Agreement and COP commitments;
2/3rds of the building stock existing today will be in service in 2040.  (Architecture 2030)

To break this down and put it into more detailed perspective, by 2040 we will need to renovate/retrofit 1.7 trillion sq ft of existing building stock and replace approximately  another 830 billion sq feet of building stock just to accommodate our existing population numbers, and we will need to build 1.08  trillion sq ft of new buildings to accommodate a growing population between now and 2040 (in just 18 years), and add another 1.4 trillion sq ft of new building stock between 2040 and 2060 to accommodate the remaining urban population growth.  In the meantime, we will need to keep all that building stock, 5 trillion sq ft of buildings operating at optimum, NZC emissions efficiency.  Bottom line, its an enormous challenge and an enormous opportunity for our industry.  Even with optimization and improvements in science, education and training of our labor forces and automation we will easily need more than double the number of people currently working in the industry worldwide to accomplish this by 2060 and beyond.  



https://architecture2030.org/new-buildings-operations/


In 2015, the Paris Agreement 
was adopted to limit the global 
temperature rise maximum at 2°C 
with a strong recommendation to 
retain it at 1.5°C

2015 UN Paris Agreement
2°C to 1.5°C

2018 UN IPCC Recommendation
1.5°C

Climate is Rapidly Changing

Information Source:
United Nations IPCC SR-15
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According to the Intergovernmental Panel on Climate Change (IPCC), we need to cut human-related GHG emissions to near 0 by 2050 if we are to avoid the worst consequences of climate change.

If we don’t, the natural systems that keep Earth’s climate relatively peaceful and comfortable will start to tip. 
The shift will be chaotic, and the new normal might not be conducive to life as we know it.

Fossil fuels helped create our unprecedented rate of technological advancement and population growth over the last two centuries.
We will need to learn how to supply our energy in the future without the carbon emissions from fossil fuels.




Sources: Energy and Climate Intelligence Unit, 
Carbon Neutrality Coalition, Climate Action Tracker
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In response to IPCC's call for action, many countries, public, and corporate entities have set goals to be carbon neutral by 2050.  This figure from late 2021 shows commitments from over 130 countries. (at COP 27 this year in Sharm El Sheikh Egypt, where President Mehboob and I represented ASHRAE as official observers and participants, all 192 countries on the planet reaffirmed this commitment by the end of the two weeks of deliberations by the delegates from each country.

Businesses continue to announce commitments to reducing carbon through their portfolios and internal operation, and investors are adding further pressure to take action. 

The U.S. federal government has pledged a net-zero emissions federal building portfolio by 2045.

If the last decade was the time for commitments, this decade is the time for action.  
We are now seeing governments, public, and private entities acting or wanting to act on these commitments, and they are all looking at their building portfolios.



building 
decarbonization…
whole life = operational

+ embodied
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Building decarbonization is the process of removing or reducing human-made GHG emissions related to buildings.
-think of it more as a JOURNEY over the next three decades to get the global building sector to near net zero emissions by 2050

Whole-life carbon emissions of a building are bucketed into operational and embodied carbon emissions.

Operational carbon is the amount of carbon emitted during the operation of a building. 
This includes both energy and water-related emissions during the use of the building.

Embodied carbon is the amount of carbon emitted from the extraction and processing of raw materials for use in the building extended to the building’s end of life.  
It is everything in the life of the building that is not covered by operational carbon including refrigerant emissions.  
We will discuss why we also need to reduce embodied carbon.



Carbon dioxide equivalent (CO2e): a 
measure used to compare the impact of 
various greenhouse gases based on their 
100-year time horizon global warming 
potential (GWP). CO2e approximates the 
time-integrated warming effect of a unit 
mass of a given greenhouse gas relative 
to that of carbon dioxide (CO2).
Global warming potential (GWP): an index 
for estimating the relative global warming 
contribution of atmospheric emissions of 
a particular greenhouse gas compared to 
emissions of an equal mass of carbon 
dioxide (CO2)
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I want to spend a few minutes on terminology.  For those of you familiar with all of this, it will be a refresher.  For others, it is important to understand the terms used in this discussion.

Carbon dioxide equivalent is simply a means to put various greenhouse gases on a warming effect scale relative to carbon dioxide.

Global warming potential was developed to allow comparisons of the global warming impacts of different greenhouse gases. 
Specifically, it measures how much energy the emissions of 1 ton of a gas will absorb over a given time, relative to the emissions of 1 ton of CO2. 
The time period typically used is 100 years.

As you can see from the refrigerants on the right, GWP varies significantly amongst the refrigerants we have used in our industry.



Direct emissions: GHG emissions from 
sources owned or controlled by the 
reporting entity (primarily from on-site 
combustion of fossil fuels).
Indirect emissions: GHG emissions due to 
the activities of the reporting entity but 
occur at sources owned or controlled by 
another entity (primarily from electricity 
generated off-site to power buildings).

BUILDING EMISSIONS
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There are also many references to direct and indirect emissions.  

Relative to buildings, direct emissions are from sources owned or controlled by the building owner, including items like emissions from burning fossil fuels, 
while indirect emissions are emitted at sources owned by another entity, primarily from electricity supplied by the electrical grid.

CO2, CH4 Methane, SF6 Sulfur Hexafloride, N2O, HCFC, PCFs = product carbon footprint, NF3 = nitrogen trifloride



Whole building life cycle assessment 
(WBLCA): a methodology for assessing 
environmental impacts associated with all 
the stages of the life cycle of a building.
Environmental product declaration (EPD): 
an independently verified and registered 
document that communicates transparent 
and comparable information about the life-
cycle environmental impact of products to 
enable comparisons between products 
fulfilling the same function.
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Life cycle assessment is a methodology used to total up the environmental impact associated with all the stages of a building’s life.  
This is an effective tool for evaluating alternates and understanding tradeoffs with the embodied carbon of certain material decisions and operational carbon reduction strategies.  
The European Standard EN 15978 covers this in detail.

Environmental product declaration provides the life-cycle environmental impact of materials and products and enables designers and owners to compare products fulfilling the same function.  
This is a good source for determining embodied carbon emissions from products that are being considered for a building project. 
Impact categories include:
Climate change
Ozone depletion
Acidification
Eutrophication
Photochemical ozone formation
Abiotic depletion, mineral & metals (the depletion of nonliving (abiotic) resources such as fossil fuels, minerals, clay, and peat.)
Abiotic depletion of fossil resources
Water use



Building Performance Standards (BPS): a 
policy that requires building owners to 
meet performance targets by actively 
improving their buildings over time. These 
can include energy or emissions targets 
that buildings must meet to reduce energy 
and climate impacts.
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The last term worth noting is Building Performance Standards.  

We are familiar with building energy codes that govern energy efficiency of proposed new or retrofitted buildings.  Building performance standards address existing buildings.  
Several jurisdictions have turned their attention to BPS policies that requires building owners to meet performance targets by actively improving their buildings over time. 

Some of these are already enacted, the State of Washington Clean Building Act that was signed into law in 2019 requires building owners to ratchet down building energy use intensities in the future.  
Another example is New York City’s Local Law 97, most buildings over 25,000 ft2 (2,300 m2) will be required to meet new energy efficiency and GHG emissions limits by 2024, with stricter limits coming into effect in 2030

The U.S. National Building Performance Standards Coalition (https://nationalbpscoalition.org/) was launched in January of this year and includes local jurisdictions representing over 25% of the U.S. population.  
They intend to enact BPS policies on or before Earth Day in 2024 that will put requirements on existing building owners to improve energy performance.
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Let’s shift gears and look at why this is an issue from a global perspective…



Source: IEA 2022. All rights reserved. Adapted from "Tracking Clean Energy Progress" (IEA 2022f).
https://www.unep.org/resources/publication/2022-global-status-report-buildings-and-construction

Global 
building 
sector 

energy-
related CO2
emissions, 

2021

Presenter Notes
Presentation Notes
The building sector is a significant source of global carbon emissions.  
According to the IEA, building energy accounted for 37% of global energy-related CO2 emissions in 2021.
Residential buildings make up 17% of energy-related emissions while non-residential is 11%.  
Direct energy-related emissions from buildings comprised 38% of the building sector while indirect emissions were 62%.
HVAC systems account for roughly 15% of total energy-related emissions.

Building construction (embodied) is substantial at 24% of building sector energy-related emissions since we typically add 2% annually to our global building stock.
Building refrigerants, not included in the figure, adds additional carbon emissions. Studies from CA and NY show this to be roughly 10-12% of total annual building GHG emissions.

Let’s explore what may be required to achieve global building decarbonization net zero energy-related emissions by 2050.
The International Energy Agency Net Zero Emissions by 2050 Scenario shows a global roadmap to get to ZNE by 2050. (iea.org)




Global direct CO2 emissions reductions by mitigation 
measure in buildings in the 2050 NZE

Source: International Energy Agency (2021), Net Zero by 2050, IEA, Paris

 1

 2

 3

 4

 5

 6

2020 2050

Gt
 C

O 2

Activity

Behavior and
avoided demand
Energy efficiency
Electrification
Hydrogen-based
Bioenergy
Other renewables
Other fuel shifts

+90%

-98%

Mitigation measures

Activity Mitigation
Measures

Energy
Efficiency

Electrification

Energy efficiency will need to account
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The 2021 Net Zero by 2050 report provides us with some useful insight on what will be required to hit the building decarbonization 2050 goals from a global perspective.  
This chart shows what will be required to reduce direct emissions from buildings. Direct covers emissions from fossil fuel used at the building.

You can see the substantial potential increase in direct emissions from new global building construction in the next 30 years –most of this will occur in the global South. (if we do not take action)
 
What is important is that 30% of direct emissions needs to be reduced with energy efficiency before electrification.  Energy efficiency first!
Electrification is expected to account for another 40% reduction.
The loading order Energy efficiency first!) makes a difference to not overload the electric grids and it also helps provide better life cycle costs when electrifying these loads.

Efficiency measures in building heating systems help lower demand for carbon-intensive energy in the near-term and can make it easier to ultimately reach net-zero emissions. 
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Global change in electricity usage by end-use in buildings

Source: International Energy Agency (2021), Net Zero by 2050, IEA, Paris

Energy efficiency will need to account
for roughly 40% of global electricity
demand reductions in the building 

sector by 2050
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This chart shows what will be required to reduce electricity usage from buildings.  The previous slide showed direct energy while this is indirect energy.

Again, we see the substantial potential increase, double today’s electricity consumption, from new building construction and the electrification (shift from fossil fuels) of direct energy building loads in the next 30 years.

Roughly 40% of electricity consumption in the building sector needs to be reduced with energy efficiency.  



Energy efficiency is essential…

37%
…for building 
operational carbon 
reduction to achieve NZE
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The TAKEAWAY from the previous two slides is roughly 37% of global building sector operational energy carbon emissions reduction will need to come from energy efficiency.

What is more elegant than energy efficiency?  A kWh saved is the cleanest and greenest.  
This is a win-win since it addresses both direct and indirect emissions and improves economic viability of the investment.

The good news is many parts to these elegant solution sets for energy efficiency exist today 
–energy-efficient building envelopes, passive design strategies, heat recovery, heat pump technologies, energy storage, and efficient control strategies  
–just to name a few.  



Building whole life cycle carbon stages

Source:  Figure based on EN 15978:2011
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Lately, there has been a lot of discussion around whole-life carbon emissions based on the life cycle of a building.
As we can see from the left side of this figure, building embodied GHG emissions are locked in place as soon as a building is built, even before its operation

This starts with extraction, transportation to the factory, and manufacturing during the product stage, to the construction stage transporting to the site and field operations while constructing the building.
We have both embodied and operational emissions during use stage, that includes maintenance.
The operational carbon is energy and water-related emissions during the use of the building.
Equipment replacements and building renewals add additional embodied carbon during this stage. (we need to find better ways to recycle the embodied carbon of materials and equipment during building renovation and retrofit stages of their life cycles – part of the last box – the idea of circular economites – kind of like plants like trees and nature – there is typically no waste in nature)
It doesn't stop there, we also have embodied emissions at the end-of-life stage due to demolishing the building, hauling away the waste materials, and whether we send it to a landfill or recycle.
The last stage is beyond the lifecycle that covers the net emissions for reuse and recovery – created those circular economies.

There is growing pressure on the building industry to address embodied carbon.

The U.S. Federal Buy Clean Initiative will prioritize using lower-carbon construction materials in Federal procurement and federally funded projects. 
The U.S. Federal Inflation Reduction Act of 2022 contains more than $5 billion to incentivize using low-carbon building materials in public infrastructure projects and certain government-owned buildings.
California Assembly Bill 2446 titled “Embodied carbon emissions: construction materials,” was signed into law by the governor in September.  
It will require Life Cycle Assessment on future non-residential buildings greater than 10,000 ft2, and manufacturers must submit EPDs for building materials.  The requirements are schedule to start in July 2025.
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Sample building embodied and operational carbon

400 kg-CO2e/m2

initial embodied carbon
to construct building

100 kg-CO2e/m2

embodied carbon
for renewal

EUI 95 kWh/m2-yr (30 kBtu/ft2-yr)
annual operational carbon

1,064
kg-CO2e/m2

All electric building
Initial electric emission rate 371 gr/kWh

90% reduction in 30 years

Initial 
embodied
carbon
kg-CO2e/m2

Renewal
embodied
carbon
kg-CO2e/m2

EUI
operational
carbon
kWh/m2-yr
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Scenario 1

400

100

95
(30)
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This figure shows why we should care about embodied carbon emissions in buildings.
It shows the embodied carbon impact of constructing an all-electric commercial building with cumulative energy-related carbon emissions.  

The Carbon Leadership Forum’s embodied carbon benchmark study with an average of 400 kg-CO2e/m2 to estimate initial embodied carbon through construction.
The 2020 U.S. electric grid average emission rate of 818 lbs/Mwh (371 gr/kWh) was used as the initial grid emission rate. Linear regression was used with the grid achieving 90% decarbonization in 30 years.

The first scenario shows operational carbon for an EUI of 30 kBtu/ft2-yr (95 kWh/m2-yr)
Embodied carbon accounts for roughly half the total carbon emissions in the first 30 years of operation.
The takeaway is that embodied carbon can be significant. 
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Scenario 2 improves operational carbon with a EUI of 20 kBtu/SF-yr (63 kWh/SF-yr)
Since there are no-cost to low-cost ways of reducing embodied carbon 25%, the initial embodied carbon has been reduced to 300 kg-CO2e/m2 

Scenario 2 achieves a 30% carbon emissions reduction compared to Scenario 1 in 30 years.

If only operational carbon were addressed, then that reduction would drop from 30% to 18%
The takeaway is that we are moving towards considering whole-life carbon impacts.



2020 U.S.
average

818 lbs-CO2e/MWh
371 kg-CO2e/MWh

Source: EPA eGRID https://www.epa.gov/egrid/data-explorer

U.S. electricity CO2e output emission rate by eGRID
subregion, 2020
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(Note: this slide can be updated with local data relative to the location of the presentation using https://app.electricitymaps.com/map if outside U.S.)

Remember that in 2021 indirect emissions from buildings accounted for roughly 2/3rds of total energy-related emissions.  Electric supply carbon intensity is critical.

Electric grid carbon emission factors vary substantially across the various eGRID subregions in the United States.  
EPA publishes these emission factors every year.  In 2020, the average electricity emission factor was roughly 818 lbs/MWh.  

As you can see, location matters for electricity grid carbon emissions.  For example, HIOA in Hawaii is 7.3 times higher than NYUP.  
The U.S. will need to make substantial progress to be near zero emissions on our electric grid by 2050.

The good news is that we have reduced the average electric grid emission rates by roughly 38% between 2010 and 2019.  
Most of this reduction in the past decade was due to coal plants being replaced with more efficient natural gas plants.  
Renewables are now beginning to make up a more significant portion of the electric grid new supply sources.  
The U.S. national average emission rate dropped 8% from 2019 to 2020.

https://www.epa.gov/egrid/data-explorer
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All this is enough to make us scratch our heads and wonder, “What will be the ultimate solution?”

There is undoubtedly plenty of policy information worldwide about decarbonizing the built environment.
I like to refer to most of this as policy CHAOS.
Most policies I have read and seen implemented are piecemeal and reactionary and not part of a well-organized master plan.

I'll admit that we do NOT have all the building and electric grid solutions today to solve this problem –we need more innovation.  
Wind and solar alone may not be the final solutions for zero-carbon electricity.  
24/7 carbon-free affordable energy will be needed for most of our supply to accomplish the ZNE goals.



We need simple, 
practical solutions
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But I also believe no challenge is too great for those of us committed to finding solutions.  We have solved some large issues in the past. (mobilization during world wars, pandemics, natural disasters, etc) We can do this through cooperation and collaboration. On a massive scale.

Most of us are trained to be creative problem solvers.  And when it comes to solutions, simple and practical are better.  

We need these solutions to provide zero-carbon buildings that minimize our environmental impact and work economically.




2021
Task Force for
Building 
Decarbonization

2007
ASHRAE 2030 Net 
Zero Energy Goal

1975
ASHRAE 
Standard 90

ASHRAE has a long history…
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ASHRAE has a long history of improving building energy efficiency, one of the primary components of building decarbonization.  
In the mid 1970s, ASHRAE mounted an extraordinary effort to develop the United States first energy conservation standard for new buildings.  

In 2007, ASHRAE publicly stated its vision to continually improve building energy performance in our standards with the goal of widespread market-viable net-zero energy buildings by the year 2030.  
It was an aggressive goal 15 years ago, and we must meet it to accomplish net zero emission  new buildings by 2030.

In early 2021, ASHRAE formed the Task Force for Building Decarbonization.  THERE IS a need to understand that we all have a herculean challenge before us – to do our part – we cannot afford to have a NIMBY attitude toward this issue.

We will need to apply our knowledge and experience to provide cost effective, practical, and innovative solutions.



• two subcommittees 
and eight working 
groups

• over 150 volunteers 
from around the world

• have the technical 
expertise to address 
this issue

ASHRA
E

TASK FORCE
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BUILDIN
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ASHRAE’s Task Force for Building Decarbonization was set up to collaborate with other organizations worldwide and help fill knowledge gaps relative to building decarbonization.  

The Task Force Executive Committee provides strategic direction and collaboration with other global organizations.  
We have two subcommittees and eight working groups providing execution of our technical resources and training deliverables.  

This is a global issue, and the Task Force comprises volunteers from around the world.




2050
all new and existing assets 
must be net zero GHG 
emissions across the whole 
life cycle

2030
the global built environment 
must halve its 2015 GHG 
emissions

• All new buildings must be NZE
• Widespread EE retrofits of 

existing assets
• New construction embodied 

carbon must be reduced by at 
least 40%

ASHRAE goals…
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ASHRAE’s position is simple.  Eliminating GHG emissions from the built environment is essential to address climate change.

Our goals align with many others around the world.  

By 2030, the global built environment must cut 2015 GHG emissions in half, whereby
we need all new buildings to be net zero GHG emissions in operation,
widespread energy-efficiency retrofits of existing buildings, and
we also need embodied carbon of new construction to be reduced by at least 40%.
It is worth noting that the EU just recently announced that all new buildings in the EU need to be NZE by 2030.

<click> By 2050, at the latest, all new and existing assets must be net zero GHG emissions across the whole life cycle.

We, as an industry, have a responsibility to consider the possibilities to accomplish these goals.
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ASHRAE is focused on four key areas for building decarbonization centered around a global knowledge resource hub.
These four areas are a Position Document, Standards, Technical Tools, and Education.

We published an ASHRAE Position Document on Building Decarbonization last year.  If interested, you can download this 15-page document from the ASHRAE website.

We are working with the leadership of ASHRAE energy standards, 90.1 and 90.2, to incorporate carbon metrics and target net zero new construction on or before 2030.
We have started the development of a new code-intended Whole Life Carbon standard, in partnership with the International Code Council.  
We are updating ASHRAE Standard 100 to address Building Performance Standards, or energy and carbon performance of existing buildings.
ASHRAE Standard 211 is our current standard for performing building energy audits.  Many of you may be familiar with this standard's ASHRAE L1, L2 & L3 energy audits.
Our industry needs a standard process for building decarbonization audits in existing buildings, so we are updating Standard 211 to include decarbonization audits. Target is Feb 2023.

We also have numerous technical resource guides and corresponding education and training programs under development…



ASHRAE resources in development…
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Our initial six technical resource guides cover
Building decarbonization retrofits for commercial and multifamily buildings
Whole Life Carbon guide for MEP systems
Heat pump application, design, and operation guide to address issues in various climate zones
A Design and Operation resource guide for grid-interactive buildings
A technical resource guide for building performance standards in partnership with DOE for jurisdictions that want to use this policy tool for existing buildings
A Decarbonizing hospital buildings guide to tackle a challenging market sector in partnership with the American Society for Health Care Engineering

These guides are all under development and will be available during the next 18 months (the first one will be available in Feb 2023, and the last one is due in July 2024)
Training and education programs for these areas will also be available with the technical guides for workforce development.

ASHRAE envisions this to be the tip of the iceberg –we will need much guidance and training to shift how we design and construct buildings over the next 30 years. 



A pathway to 
building 
decarbonization…

1
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Building decarbonization measures can help guide decision making and generally include some of the following…




Building envelope
optimize building orientation 
and geometry to reduce energy 
use and maximize solar 
potential

Optimize 
Building 
Envelope
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Let's start with the building envelope
For operational carbon, we need to optimize building orientation and geometry to reduce energy use and maximize solar potential

This lowers the required energy to heat and cool and requires smaller systems, lowering the embodied carbon in the mechanical and electrical systems.





Energy efficiency
will continue to remain #1 in 
the loading order of measures

Optimize 
Building 
Envelope

Energy 
Efficiency
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I can't over emphasize the importance of energy efficiency measures 
This improves the economics of the other decarbonization measures
This could include using a mix of passive design, efficient heat pumps, and district energy systems. 
Other important energy efficiency upgrades include measurement tools to provide insight into energy use, and software to optimize energy use.

We should never forget that healthy indoor environments must be maintained or improved while we implement efficiency measures.



Utilize waste energy
optimize waste energy streams to 
reduce energy and water use

Waste 
Energy

Optimize 
Building 
Envelope

Energy 
Efficiency
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Utilizing waste energy from buildings will become much more important.  
Waste heat recovery is also more cost effective when comparing against electric heating systems. 
Air to water HPs are still roughly 6X the initial cost of a condensing boiler.
These economics change all our previous knowledge about what is cost-effective in our climate zones as we decarbonize.

Current waste energy streams that we can use could be from chillers to atmosphere or even exhaust air to atmosphere.  

By utilizing this energy with heat pumps or heat recovery chillers to heat spaces and domestic hot water we can improve building efficiency and reduce carbon emissions.




Embodied carbon
review options to reduce 
embodied carbon with entire 
life cycle carbon in mind

Embodied 
Carbon

Waste 
Energy

Optimize 
Building 
Envelope

Energy 
Efficiency
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As I have stated, Embodied carbon will need to be reduced.
There are great resources in the marketplace (RMI Reducing Embodied Carbon in Buildings: Low-Cost, High-Value Opportunities) 
on how to significantly reduce embodied carbon in building superstructures at little to no up-front cost.  

Current practice indicates that we can achieve these reductions by specifying and substituting material alternatives with lower embodied carbon during the design and specification process.
This will require information, typically in the form of EPDs, from manufacturers to understand the embodied carbon in their products.

Renovating an existing building vs tearing it down and building new can save 50-75% of the upfront embodied carbon.



Electrify loads
this step is to use low carbon 
energy for heating, service 
water heating, and cooking
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Electrification can help decarbonize the building sector if the power sector can also decarbonize.  
Heat pumps are an option for replacing oil or natural gas-based space heating and service water heating systems with those using electricity. 
Because they use electricity, their GHG impact depends on the carbon intensity of the grid.

Almost 180 million heat pumps were used for heating in 2020, as the global stock increased nearly 10% per year over the past 5 years. 
Heat pumps have become the most common technology in newly built houses in many countries, but they still only meet 7% of global building heating demand.�In the IEA Net Zero Emissions by 2050 Scenario, the installed heat pump stock needs to triple by 2030. 

It is worth noting that there are other ways to reduce GHG emissions besides electrification.  CCUS (carbon capture, utilization and storage) systems are beginning to capture CO2 emissions on existing boiler and CHP systems.




Low GWP 
refrigerants
lower GWP, reduce fugitive 
emissions, and maintain 
efficiencyLow GWP 
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The gases used as refrigerants today are potent greenhouse gases. We can reduce emissions by managing leaks that often happen within buildings and adequately disposing of refrigerants. 
Ultimately, these fluorinated gases can be replaced with alternatives.

California is required to reduce HFC emissions by 40 percent below 2013 levels by 2030 under Senate Bill 1383.
These provisions have started to phase in this year.

The state of Washington followed with HB 1050. 
The bill mandates that refrigerants used in new air conditioning equipment must have a GWP no higher than 750, 
And refrigerants used in new refrigeration systems with more than 50 lbs of refrigerant must have a GWP of no more than 150.
Implementation dates are 2023-2026



Demand 
management
software systems integrated 
into buildings can help 
coordinate energy supply, 
reduce energy demand, and 
shift energy use
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Demand Side Management will be critical in our buildings as more non-dispatchable renewable energy resources are added to our electric grids.

Control systems integrated into buildings can help coordinate supply and demand and shift energy use to different times of the day. 
Demand-side management systems can help save costs by optimizing use for when and where it is most needed. 
Still, they can also drive decarbonization by shifting energy use to times of the day when zero-carbon energy is highest in the grid mix. 

Buildings also have an inherent ability to store heat, which is called thermal mass, and technologies are emerging that can take advantage 
of this property to balance out heating and cooling to lower costs and shift power demand away from peak periods.



Carbon free energy
Utilize on- or off-site carbon 
free energy
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Rounding out my short list of eight key measures is carbon free energy.
As I stated earlier, our buildings will need to move towards the availability of 24/7 carbon free energy

Most of this would come from on-site and off-site renewable energy or zero carbon energy from the electric grid.
Green hydrogen may also be required in some instances.

This last one may be one of the most challenging items, since the solution will also need to provide reliable & affordable energy throughout the world.
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Emerging issues
• scalability of solutions
• electric grid infrastructure
• cold climates
• existing buildings
• economics –money matters!

Presenter Notes
Presentation Notes
Scalability of solutions will be critical to tackling the sheer number of existing buildings that need to be retrofitted. We can only afford some buildings to be science projects.  
This year, there have been some exciting developments in taking large portfolios of buildings and prioritizing what investments provide the best return while making substantial reductions in carbon emissions.

Electric grids will experience increased demand from electrifying heating loads and transportation.

Our current grid peaks in the summer but when we convert our fossil fuel to electricity, it will peak in the winter.  COP of the heating will determine how high we peak.  
Electrifying our transportation will put an additional burden on the aging electrical infrastructure.

Cold climates have additional challenges for heat pumps that we don't worry about in milder climates.  For instance, Chicago has a 99.6% winter design temperature of 2°F (-17°C), but the 50-year extreme temperature is -23°F (-31°C)

Finally, existing buildings have many challenges we do not experience in new building design.  Electrification without EE will seldom pencil out economically.
We also need to understand the annual heating load profiles before deciding on electrification...

Money and economics matter!  This is a green resource that is limited.  We will only be able to decarbonize existing buildings and large facilities if the financial investments make sense for the building owners.
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Percent of Design Load

Sample Building Annual Heat Load Profile

Annual Therms Cumulative Annual Percent Consumption

60-year-old building
125,000 ft2 (11,600 m2)
Mild climate
Design 22 Btu/ft2 (250 W/m2) peak
Actual 13 Btu/ft2 (148 W/m2) peak

80% of annual heating energy
consumption occurs when the load 
is 25% or less

Presenter Notes
Presentation Notes
We should strive to understand existing building annual heating load profiles before replacing boilers with electrical alternatives.
This example shows a 60-year-old building in a mild climate.  Two years of trend data show the existing heating system was oversized.  This is common with boiler systems.
80% of annual heating therms occur when the load is 25% or less of the installed capacity.
If the system were sized for the peak load experienced, 80% of annual heating therms would occur when the load is 25% or less.

If we are concerned about whole-life carbon, there will not be enough operational carbon savings in the lifetime of the equipment to electrify more than 50%.
The incremental investment for the additional electrification doesn’t make sense.



Opportunities
• equipment & system innovation
• advanced controls
• integrated solutions
• energy storage
• available incentives

Presenter Notes
Presentation Notes
Just a few higher-level opportunities we have before us…

We have an opportunity for equipment & system innovation in our future mechanical systems –how to improve efficiency and lower embodied carbon from our systems?  
How can we advance our heat pump technology to handle retrofits and cold climate challenges better?

We have struggled as an industry to maintain great energy performance in buildings five years after they are commissioned. 
Advanced controls using AI technology will need to advance to allow buildings to maintain their high performance.  This will be critical as more buildings will fall under Building Performance Standards.

Integrated solutions provide much better financial results.  As we indicated, prioritization of measures can make a huge difference in the ultimate solution set.
EE before electrification typically lowers embodied carbon, results in smaller equipment, and lowers the electrical requirements.  We can provide better design tools to help designers balance these solution sets.
Everything we have learned in our careers about what solutions make economic sense in different climate zones is changing as we look at some of our electrification solutions.

There is a real opportunity to take advantage of more energy storage.  This could be thermal storage in our mechanical system or building phase-change materials.
This will help us shift energy that is now wasted to be used in the times of day when it is needed.  This is a more cost-effective strategy than battery storage and can result in less embodied energy.  Battery storage adds considerable embodied energy.

Lastly, many incentives are available (tax and utility rebates).



How to contribute
• educate yourself
• educate colleagues
• educate clients
• educate partners
• educate policymakers
• educate the next generation of leaders

Presenter Notes
Presentation Notes
We, as ASHRAE members, can contribute to this effort.  

Take the time to learn how to reduce greenhouse gas emissions in our building systems.  Share that knowledge with others as we strive to improve our building systems.

ASHRAE is here to help all of us on this journey.




Join us on the Journey to Zero!

Presenter Notes
Presentation Notes
Our decisions in design, manufacturing, and building construction substantially impact GHG emissions.
There is a role for building industry standards, training and education, and equipment R&D in helping to solve this challenge.

I will close by indicating that we do not have all the answers today.  We are on a JOURNEY to decarbonization.  
This will involve steps in the right direction.  

Anyone that tells you we have all the solutions needs to spend more time understanding the complex social-economic, geopolitical, and energy security concerns surrounding building decarbonization.  And what we have talked about  today is just about buildings – our part of the puzzle.  
We need much more innovation in the building and energy supply sectors to achieve the optimum solutions.

We all have a critical role in helping decarbonize the built environment.  Your ASHRAE board believes NOW is the time to ACT. Please consider joining us on our Journey to Zero.
Thank you. 
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