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Presenter
Presentation Notes
Hello. My name is Angela Tanghetti and I work in the Energy Supply Analysis Office.  I work on a team that develops a WECC wide production cost model data set in support of IEPR.



Background

• The recently adopted 2019 Standards is the last code cycle focused primarily on the 
ZNE goal, the 2022 and subsequent Standards cycles will have building 
decarbonization as the primary goal

• Therefore, a new metric or metrics needed to align buildings with the 
decarbonization goals without adverse consequences

• The new approach must support building decarbonization, resilient building 
envelope, and strong demand response signals all at the same time

• Also, new weather files, reflecting the planet’s warming trends, will be introduced 
into the 2022 performance software programs; the new weather files will have an 
impact on measure tradeoffs
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Presenter
Presentation Notes
Martha Brook an advisor to Commissioner McAlister approached me some months back asking if our group could provide assistance on quantifying emission savings from the energy efficiency programs that were included in the adopted 2017 IEPR.

Our team in the supply analysis agreed to provide a metric for hourly statewide system average emission intensity values for the year 2019-2030.

PLEXOS is the production cost model the energy commission has licensed for the past 10 years. Using the 2017 IEPR PLEXOS results we developed a method that post processes these results to calculate system average emission intensity projections.  I am here today to describe this method and highlight some of the key assumptions that directly impact the emission intensity value
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ZNE and CO2 Emissions

CO2 emissions reduced by 700,000 metric tons over three years, equivalent to 
taking 115,000 18-mpg gas cars off the road.  California has one of the cleanest 
grids in the nation, CO2 savings will be greater in other states with less green 
grids.  

2700 sf prototype, CZ12

CO2 Impact of Housing Choices Metric Tons of CO2 
Generated/Year -
Including Exports

Mixed Fuel 2000 Compliant Building, No PV 6.5

Mixed Fuel 2016 Compliant Building, No PV 3.3

Mixed Fuel 2019 Standard Design, with 3.1 kW PV 2.3

Mixed Fuel
2019 Standard Design, with 3.1 kW PV With Batt

2.1

All-Elect 2019, 3.1 kW PV, No Batt 1.1

All-Elect 2019, 3.1 kW PV, With Batt 1.0

All-Elect 2019, 6 kW PV, With Batt 0.2

Presenter
Presentation Notes
A target EDR establishes a performance benchmark that the building must meet to comply; the concept is a modern version of California’s performance standards consistent with the Warren-Alquist Act expectation to provide builders with compliance flexibility
As shown by the 2016 HPA and HPW approach, builders appreciated having many options to comply, leading to a flurry of innovation in attics and walls, which continues to date
Similarly, the target EDR if structured correctly, can send the right signals to the market about EE, PV sizing, demand response and flexibility, and other options that can achieve ZNE in the future
Target EDR allows the builder to use more efficiency and less PV to get to the target; the builder can also use high performance glazing or appliances that are higher than minimum efficiency levels that we are prevented to require because of preemption
Target EDR can provide credit for demand response and flexibility, storage, EV integration, and other grid harmonization strategies that can achieve full ZNE in the future 
Target EDR is fully compatible with the reach codes, local jurisdiction simply identify a lower target EDR (or zero) that can be met with a combination of additional EE, PV, demand response/flexibility, EV integration, or storage
Target EDR works well with varying building sizes – static PV size does not




Purpose of Today’s 2022 Standards 
Workshop

1. Introduce the new weather files reflecting warming climate zones
2. Introduce the updated life cycle cost (LCC) methodology, including the updated 

natural gas and electricity TDVs
3. Introduce the new source energy metric designed to align buildings with  

decarbonization policies
4. Introduce the new “2-EDR” approach designed to achieve building 

decarbonization while maintaining resilient building envelope and strong 
demand response signals

5. Present simulation results to demonstrate the implications of the updated TDVs, 
the new source energy metric, and the new 2-EDR approach
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Our team in the supply analysis agreed to provide a metric for hourly statewide system average emission intensity values for the year 2019-2030.
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Workshop Agenda

1. Updated 2022 weather files – Danny Tam
2. LCC Methodology, updated Natural gas and electricity TDVs, and new source 

energy metric – E3
3. The 2-EDR Approach – Mazi Shirakh
4. Residential measures analysis – Bruce Wilcox
5. Nonresidential measures analysis – NORESCO
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Martha Brook an advisor to Commissioner McAlister approached me some months back asking if our group could provide assistance on quantifying emission savings from the energy efficiency programs that were included in the adopted 2017 IEPR.

Our team in the supply analysis agreed to provide a metric for hourly statewide system average emission intensity values for the year 2019-2030.
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Question:  Can you tell where this picture is taken from?
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Hello. My name is Angela Tanghetti and I work in the Energy Supply Analysis Office.  I work on a team that develops a WECC wide production cost model data set in support of IEPR.



The Primary Goals for New Metrics

The purpose of establishing new metrics for the 2022 Standards and 
beyond is to align the Building Standards with the state’s climate change 
goals; the 2022 Standards approach must:

1. Encourage decarbonization by removing barriers to building electrification
2. Maintain and encourage thermal-resilient building envelope features that 

perform well in both heating and cooling climate zones, even as the planet 
warms up

3. Encourage self-utilization of onsite PV generation and demand response 
measures

4. Not increase the stringency of the residential standards for one code cycle
5. Avoid preemption
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Martha Brook an advisor to Commissioner McAlister approached me some months back asking if our group could provide assistance on quantifying emission savings from the energy efficiency programs that were included in the adopted 2017 IEPR.

Our team in the supply analysis agreed to provide a metric for hourly statewide system average emission intensity values for the year 2019-2030.

PLEXOS is the production cost model the energy commission has licensed for the past 10 years. Using the 2017 IEPR PLEXOS results we developed a method that post processes these results to calculate system average emission intensity projections.  I am here today to describe this method and highlight some of the key assumptions that directly impact the emission intensity value





List of Metrics Evaluated Overall
Metric Category

I.D. Metric Name Cost 
Effectiveness Energy GHG Combined

0 TDV 2019 baseline 

1 TDV 2022 with kBTu metrics 

2 TDV 2022, high GHG, kBTu metrics 

3 Source energy; RE = 0 Btu/kWh 

4 Source energy; RE = 3412 Btu/kWh 

5 Long-run source energy; RE = 0 Btu/kWh 

6 Long-run source energy; RE = 3412 Btu/kWh 

7 Short-run marginal emissions 

8 Long-run marginal emissions using (1-RPS%) approach 

9 Hourly Average emissions 

10 TDV 2022 using PV$ metrics, same as 2019 

11 TDV 2022, high GHG, using PV$ metrics 

12 TRC 2022, which is the TDV units without the retail adder 

13 TRC 2022, with higher marginal cost of GHG reduction 

14 ‘Delivered’ marginal source energy that includes capacity constraint 

15 ‘Delivered’ marginal source energy with scaled capacity constraint 

16 Two Step (1/2) – Annual Average Emissions (long-run marginal) 

17 Two Step (2a/2) – TRC with net marginal emissions @ GHG shadow price 

18 Two Step (2b/2) – TDV with net marginal emissions @ GHG Shadow Price 

19 ‘Delivered’ average source energy with scaled capacity constraint 
9



Criteria to Guide Selection 
Of  Metrics

Criterion Requirement
1 Facilitates fuel switching and building 

electrification

These are evaluated using the simulation 
results from the residential and non-
residential simulation.

2 Supports demand flexibility and grid 
harmonization strategies

3 Protects envelope efficiency measures, such as 
high performance attics and walls, and high 
efficiency windows

4 Does not allow or encourage resistance space 
and water heating, or other inefficient use of 
appliances

5 Does not increase the energy costs of the 
building for the occupants

Requires lifecycle cost-effectiveness 
evaluation

6 Results in long-term and sustainable GHG 
reduction in buildings, by supporting 1-5 above

7 Avoid federal preemption issues Use source energy as a proxy for GHG and 
avoid preemption issues

8 Does all of the above without the need for 
limiting prescriptive and performance path 
tradeoff rules 10



Example of metric Comparison – Fuel Switching

Percent Savings ((Case1-Case2)/Case1) for 2700ft2 Single-Family Two Story (Metric Total)
     Case 1 = 2019 package
     Case 2 = 2019 electric package

Clim
ate

 Zo
ne

0  2
019

_T
DV  (k

TD
V/ft

2)

1  2
022

_T
DV  (k

TD
V/ft

2)

2  2
022

_T
DV_LR

_Em
iss

ions  (
kTD

V/ft
2)

9  A
vg_

Emiss
ions  (

tCO2/ft
2*1

0^
5)

14  
Combined_M

etri
c  (

kT
DV/ft

2)

15  
Combined_M

etri
c_

2  
(kT

DV/ft
2)

16  
Tw

o_S
tep_GHG  (t

CO2/
ft2

*10^
5)

18  
Tw

o_S
tep_TD

V  ($
/ft

2)

19  
Combined_M

etri
c_

3  
(kT

DV/ft
2)

CZ01 -47% -53% -25% 59% 17% 37% 83% -22% 65%
CZ02 -28% -33% -10% 60% 26% 41% 84% -8% 67%
CZ03 -40% -43% -19% 57% 16% 35% 83% -17% 63%
CZ04 -35% -38% -16% 56% 17% 34% 83% -14% 62%
CZ05 -47% -50% -25% 54% 14% 31% 81% -22% 61%
CZ06 -27% -29% -10% 56% 16% 32% 83% -8% 61%
CZ07 -33% -34% -14% 55% 12% 28% 82% -11% 58%
CZ08 -22% -23% -8% 55% 10% 27% 83% -6% 55%
CZ09 -18% -19% -7% 56% 7% 25% 83% -6% 53%
CZ10 -19% -20% -8% 55% 6% 24% 83% -7% 52%
CZ11 -22% -23% -9% 57% 13% 31% 83% -7% 58%
CZ12 -21% -24% -8% 60% 15% 35% 84% -6% 62%
CZ13 -20% -22% -9% 57% 9% 29% 84% -7% 56%
CZ14 -22% -25% -10% 54% 12% 29% 82% -8% 57%
CZ15 -17% -16% -10% 39% -3% 7% 79% -9% 30%
CZ16 -57% -62% -32% 59% 1% 34% 82% -29% 64%
Statewide -26% -28% -11% 56% 11% 30% 83% -9% 57%
Average -30% -32% -14% 56% 12% 30% 83% -12% 58%
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Results of analysis

The following approaches were rejected as metrics for the 
Standards:
1. A Single Metric - No single metric emerged as a satisfactory option for 

simultaneously supporting building electrification, protecting the building 
envelope, preserving DR signals, and not increasing monthly energy costs. A 
metric that had strong “electrification” signal tend to have weak building 
envelope protection and grid harmonization signals and visa versa.  

2. Combined Metrics Like 14 and 15 – Although an improvement 
over using a single metric, combined metrics were also unable to satisfactorily 
support building electrification, protecting the building envelope, preserving DR 
signals, and not increasing monthly energy costs at the same time.  This 
approach suffered from a “sea-saw” effect”, the more the metric favors one 
criterion (such as electrification), the weaker the signal gets for other criteria 
(such as preserving DR, protecting the envelope) and visa versa.
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Recommended Approach

Two Independent Metrics – 2 EDRs Based on Source Energy and TDV

EDR1 Target – Hourly Source Energy: Based on hourly source energy 
establishes a “carbon-proxy budget” for the building in kBTU/sf-yr units to 
support decarbonization and electrification policy goals; the proposed building 
must have an EDR1 score that is equal or less than the EDR1 score of the 
reference building
EDR2 Target - TDV: A TDV based metric is used to protect building envelope 
and maintain strong grid harmonization signals; the proposed building must 
have an EDR2 score that is equal or less than the EDR2 score of the reference 
building
Tradeoff Rules: No tradeoffs are allowed between EDR1 and EDR2; for a 
building to comply, it must pass both EDR1 and EDR2 independently and 
simultaneously.  This ensures that decarbonization, building envelope 
protection, and grid harmonization signals all remain uncompromised
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Time Dependent Valuation (TDV)

TDV is an hourly energy cost metric for both electricity and natural gas, in place of a flat 
energy value throughout the day. TDV assumes that utilities meet their RPS and other 
obligations, and is projected over the 30-year life of the building.  

TDV incorporates the hourly cost of:
• marginal generation 
• transmission and distribution
• fuel
• capacity
• losses
• cap-and-trade-based CO2 emissions.

TDV values for electricity tend to favor designs that reduce cooling loads, when grid costs 
are highest. TDV values for natural gas tend to disfavor electrification because of the low 
cost of natural gas. 14
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Martha Brook an advisor to Commissioner McAlister approached me some months back asking if our group could provide assistance on quantifying emission savings from the energy efficiency programs that were included in the adopted 2017 IEPR.

Our team in the supply analysis agreed to provide a metric for hourly statewide system average emission intensity values for the year 2019-2030.

PLEXOS is the production cost model the energy commission has licensed for the past 10 years. Using the 2017 IEPR PLEXOS results we developed a method that post processes these results to calculate system average emission intensity projections.  I am here today to describe this method and highlight some of the key assumptions that directly impact the emission intensity value





Hourly Source Energy (HSE)

Like TDV, HSE is an hourly energy metric for both electricity and natural gas. HSE assumes 
utilities meet all RPS and other obligations, and is projected out over the 30-year life of 
the building. 
Whenever a renewable resource is on the margin, which increasingly occurs as RPS 
requirements increase, the source energy for that hour goes to zero.  In hours where 
renewable resources are not available, the heat rate of the natural gas resource on the 
margin determines the source energy.  

The resulting HSE values are proportional to the GHG emissions of the long-run, marginal 
resource, and so HSE is a good proxy for GHG and a strong metric for encouraging fuel 
switching and decarbonization, and for reducing natural gas use. 
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HSE represents the depletable energy content of the 
long-term, marginal generation resource required in 

each hour to meet incremental energy demand
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Martha Brook an advisor to Commissioner McAlister approached me some months back asking if our group could provide assistance on quantifying emission savings from the energy efficiency programs that were included in the adopted 2017 IEPR.

Our team in the supply analysis agreed to provide a metric for hourly statewide system average emission intensity values for the year 2019-2030.

PLEXOS is the production cost model the energy commission has licensed for the past 10 years. Using the 2017 IEPR PLEXOS results we developed a method that post processes these results to calculate system average emission intensity projections.  I am here today to describe this method and highlight some of the key assumptions that directly impact the emission intensity value





HSE and TDV Comparison Summary
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Metric: What it is good at What it is not good at
Hourly Source Energy (HSE) Promoting electrification and efficient 

use of gas appliance
Protecting efficient building envelope 
features, such as HPA, HPW, high 
efficiency windows, low leakage 
envelope.  HSE has weak grid 
harmonization signals

TDV Protecting efficient building envelope 
features and maintaining strong grid 
harmonization signals

Encouraging electrification

HSE and TDV Simultaneously promoting 
electrification, protecting efficient 
building envelopes, and maintaining 
strong grid harmonization signals
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Martha Brook an advisor to Commissioner McAlister approached me some months back asking if our group could provide assistance on quantifying emission savings from the energy efficiency programs that were included in the adopted 2017 IEPR.

Our team in the supply analysis agreed to provide a metric for hourly statewide system average emission intensity values for the year 2019-2030.

PLEXOS is the production cost model the energy commission has licensed for the past 10 years. Using the 2017 IEPR PLEXOS results we developed a method that post processes these results to calculate system average emission intensity projections.  I am here today to describe this method and highlight some of the key assumptions that directly impact the emission intensity value





2022 Standards Recommendation: 
Separate Gas and Electric Baselines

1. Separate Baselines for Lowrise Residential Buildings: Maintain separate baselines 
for mixed fuel buildings and all-electric buildings (same as 2019).  This approach 
avoids performance path compliance barriers for building electrification. 
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2022 Standards Recommendation: 
2-EDR Approach

2. EDR1 (“Carbon Proxy” metric) and EDR 2 (updated TDV)

No tradeoffs between EDR1 and EDR2 
– EDR 1 sends strong decarbonization signals
– EDR 2 maintains envelope resiliency, incentivizes demand 

flexibility and grid harmonization
– Similar to 2019 Standards, some tradeoffs within EDR2 for 

demand flexibility and energy efficiency are allowed
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EDR 1
Hourly Source 

Energy

EDR 2
Time Dependent 

Valuation 



Beyond 2022 Standards: Single Baseline for All 
Buildings Coupled with 2-EDR Approach

A single baseline together with the 2-EDR approach:

1. Establish a carbon budget by switching natural gas end uses (such 
as space, water heating, and clothes drying) to heat pump 
technology, as well as induction cooking
 Allows for gradual or  sudden steps

2. EDR1 ensures no backsliding on carbon limits

3. EDR2 protects building envelope resiliency and maintains strong 
demand response signals
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2022 CBECC Updates

The CBECC compliance software will be updated to include the new weather files, gas 
and electric TDVs, and the 2-EDR approach

These changes require modest modifications to CBECC compliance software output 
interface; the followings are some examples of these changes.
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2-EDR Approach in CBECC-Res

• Under the EDR tab, there area additional windows for EDR1
• EDR2 is similar to the 2019 version (Efficiency, PV/Flexibility, and Total EDRs); to 

comply, the building must pass both EDR1 and EDR2 independently (no tradeoffs 
allowed)
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2-EDR Approach in CBECC-Res

Under the Energy Use Detail tab, additional columns under Standards and Proposed 
Designs to accommodate EDR1
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2-EDR Approach in CBECC-Res

Under the Compliance Summary tab, additional inputs for EDR1; to comply, the 
building must pass both EDR1 and EDR2 independently (no tradeoffs allowed)
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Sample Simulations – Avoiding Adverse Consequences

• Scenarios 1, 2, and 3 show how HSE by itself fails to protect envelope 
features

• Row 4 shows how TDV by itself fails to protect against poor gas appliances 
(decarbonization)

• HSE together with TDV will protect both decarbonization and resilient 
building envelope features
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Questions?
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