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Purpose and Background 

With the vision to build a carbon pollution-free, sustainable, and climate-resilient Denver for all, 

Denver’s Office of Climate Action, Sustainability, and Resiliency (CASR), along with the 

Department of Community Planning and Development (CPD), prefer that buildings are 

renovated and repurposed, instead of demolished. Demolishing an existing building to start from 

scratch has a high carbon cost associated with the upfront embodied emissions and the 

potential for a net increase in carbon emissions.  

The CASR team implementing the Energize Denver Building Performance Policy, which 

requires buildings 25,000 square feet and larger to meet a certain level of energy efficiency by 

building type by 2030, encountered two different considerations when setting targets for 

adaptive reuse buildings. When using the target set for a particular building type, buildings that 

had been constructed as one building code occupancy classification originally but had been 

renovated into another classification (such as a warehouse converted into a multifamily 

condominium), the renovated building type target was not always the right fit for the structure. 

CASR and CPD also wanted to encourage the reuse of buildings, encouraging new adaptive 

reuse projects within the city, by crediting the embodied carbon savings generated by saving the 

building to the renovated building’s energy efficiency target.  

Denver wanted to create an adjustment that would address these considerations with a 

simplified and widely applicable approach for the regulated entities under the Energize Denver 

Building Performance Policy. CASR asked the New Buildings Institute to examine a 

methodology for applying a credit to the 2030 EUI target for the embodied carbon saved in an 

adaptive reuse project. Two methodologies were evaluated:  

Option 1: Exemption method. 

Exempt adaptive reuse projects from the Energize Denver requirements. 

Option 2: EUI method. 

Adjust the EUI target prescribed by Energize Denver for buildings that pursue adaptive 

reuse. 

The following steps were taken to evaluate the adaptive reuse credit strategies and to inform 

Denver’s approach.  

Step 1: Compare carbon savings.  
This step compares the operational carbon savings realized by Energize Denver against 

the embodied carbon savings achieved through the adaptive reuse of different building 

types. This provides a point of comparison between the two options presented above by 

demonstrating the extent of the embodied carbon savings that building reuse could realize 

when compared to lifetime operational carbon savings due to the Energize Denver 

provisions. If embodied carbon savings of reuse were found to be significantly higher – for 

example, more than double – across most building types, the city could consider the 

exemption method. If savings did not meet that comparative threshold, the city should 

consider using the EUI method.    

Step 2: Evaluate the exemption method (Option 1).  
This step would explore how and in what context to allow an exemption from the Energize 

Denver program. The exemption method would be considered if reuse savings were found 

to be more than the Energize Denver operational savings across most building types. 
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Step 3: Evaluate EUI method (Option 2). 
The EUI method would be pursued if reuse savings were found to be less than double 

across most building types, compared to operational savings realized by Energize Denver. 

This step evaluates options to implement the EUI method considering the findings of Step 

1, makes recommendations for Denver’s approach to this method, and proposes 

considerations where appropriate.  

 

Step 1: Compare Carbon Savings 

This section compares the operational carbon savings that can be realized by the Energize 

Denver program and the embodied savings that can be realized by adaptive reuse.  

Three percentage thresholds were tested for the purpose of determining embodied carbon 

savings under different building reuse profiles: a project would qualify as reuse if it preserved at 

least 35%, at least 50%, or at least 75% of the existing substructure, superstructure, and 

façade. Other information on the methodology, data inputs, and assumptions used in this 

section are provided in the appendices of this document. 

Operational carbon savings due to Energize Denver 

Performance of building types in Denver today 

Denver has benchmarking data for 2,326 buildings, which includes information on building size, 

type, electricity, and natural gas usage. Table 1 shows the breakdown of Denver buildings’ 

typical energy use performance by building type group and by quartile of performance based on 

the benchmarking data. 

A quartile divides a dataset into four equal parts (quarters). The 25th quartile referenced in Table 

1 represents the top – or best performing – quarter of the data. The 50th quartile shows the half-

way mark, or 50%, and is the median of the data set. The 75th quartile represents the last 

quarter, or 75% of the way through the data: this represents the worst performers. The values 

between the 25th and 75th quartiles are referred to as the “interquartile range.” Any values falling 

outside this range of typical building performance values constitute outliers.  

As displayed in Table 1, some of the worst performers include food sales establishments, 

restaurants, and “other.” Exceptional performers across all quartiles include multifamily 

residences, warehouses, and educational facilities.  

Table 1. Range of performance of building types in Denver today 

Building Category 
Building 
Count 

25th Quartile EUI  

(kBtu/sf) 

50th Quartile EUI  

(kBtu/sf) 

75th Quartile EUI  

(kBtu/sf) 

Education 230 57.7 71.8 88.5 

Food Sales 40 123.1 181.0 197.1 

Gym 4* 77.4 94.1 136.9 

Healthcare 37 80.0 115.0 146.1 

Industrial 109 51.3 71.9 131.3 

Lodging 122 68.1 87.5 118.8 

Multifamily 751 49. 60.7 76.1 

Office 333 55.6 71.4 91.0 
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Other 142 64.7 96.8 155.2 

Parking 10 59.5 75.1 98.6 

Public Assembly 94 53.4 77.0 105.7 

Public Order and 
Safety 

13 88.6 123.1 142.6 

Restaurant 3* 89.8 89.8 193.9 

Retail 73 57.7 83.2 112.6 

Warehouse 336 28.6 44.6 64.0 

Source: Denver’s 2019 Benchmarking Data. *Limited dataset 

Key 
 

  
Best 

performers 
 Worst 

performers 
 

 

Denver EUI performance across building types is shown graphically in Figure 1 for each 

quartile. The midpoint between the colored boxes represents the median value. The green box, 

labeled Q2, represents the range between the 25th quartile and the median. The blue box, 

labeled Q3, represents the range between the median and the 75th percentile. 

50% of the data exists in these blue and green boxes. For purposes of visibility, the maximum 

excludes industrial and “other,” as their maximum values are much higher than can fit in the 

scale shown below. 

Figure 1. Box and whisker plot for performance of Denver building types  
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Anticipated energy savings realized in 2030 by complying with Energize Denver targets  

Table 2 shows the potential energy savings for each quartile of building type, should they 

achieve Energize Denver’s 2030 EUI targets prescribed for each the building type group. These 

values were calculated by subtracting the Energize Denver EUI target from the actual building 

performance energy usage demonstrated through benchmarking data.  

The results of Table 2 indicate that buildings in the 25th quartile are likely to already meet their 

respective targets; those in the 50th percentile are close; and the 75th percentile buildings 

present the greatest opportunity for energy savings. On average, buildings in the 50th quartile 

require a 25% reduction to meet their target, and buildings in the 75th quartile would require a 

40% reduction to meet their target. For this reason, the remainder of this section’s analysis 

focuses on the potential operational savings for the 50th and 75th quartiles. 

Table 2. Energy savings that building types are expected to achieve in 2030 

Building Category 
2030 
EUI 

Target 

25th Quartile EUI 
Savings 
(kBtu/ft2) 

50th Quartile EUI 
Savings  
(kBtu/ft2) 

75th Quartile EUI 
Savings 
(kBtu/ft2) 

Education 51.4 6.3 20.4 37.1 

Food Sales 166.8 
Already better than 

target 
14.2 30.3 

Gym* 103.1 
Already better than 

target 
Already better than 

Target 
33.8 

Health Care 109.1 
Already better than 

target 
5.9 37.0 

Industrial 43 8.3 28.9 88.3 

Lodging 62.2 5.9 25.3 56.6 

Multifamily 45.4 3.6 15.3 30.7 

Office 50.8 4.8 20.6 40.2 

Other 52.9 11.8 43.9 102.3 

Parking 82.6 
Already better than 

target 
Already better than 

Target 
16.0 

Public Assembly 63.2 
Already better than 

target 
13.8 42.5 

Public Order and 
Safety 

118.1 
Already better than 

target 
5.0 24.5 

Restaurant* 194.1 
Already better than 

target 
Already better than 

Target 
Already better than 

Target 

Retail 59.1 
Already better than 

target 
24.1 53.5 

Warehouse 27.2 1.4 17.4 36.8 

Average of All 75.3 6.0 19.6 48.6 

Source: Denver’s 2019 Benchmarking Data and Energize Denver EUI Targets. *Limited dataset 

Key 

  
Least 

potential 
savings 

 Most potential 
savings 
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Operational energy savings represented in carbon 

Table 2 above presents the estimated energy savings for each building type quartile. Table 3 

converts these savings into carbon values. To do this, savings were broken out by gas and 

electric energy savings based on typical usage percentages for each quartile and building type. 

This was found in Denver’s benchmarking and applied in Equation 1.  

Using the information in Table 2 for each building type, combined with a carbon emission factor, 

the lifetime operational carbon savings was aggregated, assuming a straight line of 

improvements to reach Energize Denver compliance in 2030. 

Equation 1. Operational Savings 

𝑂𝐶𝑆  (
𝑚𝑡 𝐶𝑜2𝑒

𝑓𝑡2
) = ∑ 𝐸𝑆𝑛 (

𝑘𝐵𝑡𝑢

𝑓𝑡2
)

2021−2045

𝑛=2021

⋅ 𝐺𝐹 (
𝑚𝑡 𝐶𝑜2𝑒

𝑘𝐵𝑡𝑢
)   +  𝑁𝐺𝑆𝑛 (

𝑘𝐵𝑡𝑢

𝑓𝑡2
) ⋅ 𝑁𝐺𝐶𝐹 (

𝑚𝑡 𝐶𝑜2𝑒

𝑘𝐵𝑡𝑢
) 

Variables:  

• OSC: Operational carbon savings, reported in metric tons of CO2 equivalent per square foot from 

a building meeting Energize Denver requirements 

• ESn: Electric savings in kBtu per square foot for a given year (n). 2021 will be 0; 2022 will be a 

tenth of the savings in Table 2; and 2030 and beyond will be all the savings in Table 2.  

• GF: Grid Factor, 0.000141213 metric tons of CO2 equivalent per kBtu, this greens over time with 

grid predictions  

• NGSn : Natural gas savings in kBtu per square foot for a given year (n). 2020 will be 0; 2021 will 

be a tenth of the savings in Table 2; and 2030 and beyond will be all the savings in Table 2. 

• NGCF: Natural gas carbon factor; conversion of 0.0000532 mt CO2e/kBtu  

Table 3 displays the operational carbon savings for each building type, considering both a 

single-year (2030) scenario and a 25-year cumulative value, for which the greening of the grid is 

considered. These are the values that are used for comparison with adaptive reuse scenarios in 

future steps. 

Table 3. Operational carbon savings of building types in Denver today. 

Building Category 

Carbon Savings for Single 
Year (2030) 

(mtCO2e/sf)  

Carbon Savings for 25 
Years (2021-2045) 

(mtCO2e/sf)  

50th Quartile  75th Quartile  50th Quartile  75th Quartile  

Education 0.0018 0.0033 0.0340 0.0636 

Food Sales 0.0011 0.0024 0.0195 0.0428 

Gym* AMT 0.0029 AMT 0.0559 

Healthcare 0.0005 0.0032 0.0084 0.0596 

Industrial 0.0025 0.0071 0.0471 0.1278 

Lodging 0.0021 0.0049 0.0379 0.0918 

Multifamily 0.0013 0.0027 0.0249 0.0531 

Office 0.0016 0.0033 0.0284 0.0588 

Other 0.0036 0.0083 0.0660 0.1487 

Parking AMT 0.0012 AMT 0.0197 

Public Assembly 0.0012 0.0036 0.0231 0.0672 

Public Order and Safety 0.0004 0.0021 0.0080 0.0393 
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Restaurant* AMT AMT AMT AMT 

Retail 0.0019 0.0044 0.0340 0.0813 

Warehouse 0.0015 0.0032 0.0295 0.0609 

Source: Denver benchmarking data combined with carbon emission factors from EnergyStar Portfolio Manager.  

*Limited dataset 

Key 

  
Least 

potential 
savings 

 Most potential 
savings 

 

AMT: Already Met Target. This indicates that the building 
group and quartile does not have any more opportunity to 
achieve operational savings. 
 

 

Embodied carbon savings due to adaptive reuse 

Table 4 presents the typical structural systems employed in Denver construction. Most building 

types were assigned average structural system type weight for common construction practices 

based on average Denver-based ComStock data. Education, Healthcare, Parking, and 

Warehouse building types were assumed to have unique typical construction for structural 

systems, reflecting the building type-specific average values outlined in ComStock and detailed 

in Appendix A. Estimated embodied carbon savings per square foot are provided for 35%, 50%, 

and 75% reuse rates, calculated by the methodology noted in Equation 2. 

Table 4. Embodied carbon savings for typical construction types by building category 
and percentage reused 

Building Category 

Typical 

construction/material 

type for respective 

building use  

Adaptive Reuse 

Savings for 35% 

Structure Reuse   

(mtCO2e/sf) 

Adaptive Reuse 

Savings for 50% 

Structure Reuse   

(mtCO2e/sf) 

Adaptive Reuse 

Savings for 75% 

Structure Reuse   

(mtCO2e/sf) 

Education 

61% Wood framed, 

 24% Steel/concrete,  

15% Hybrid * 

0.0084 0.0120 0.0181 

Food Sales 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0094 0.0134 0.0200 

Gym 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0092 0.0131 0.0197 

Health Care 

31% Wood framed, 

 26% Steel/concrete,  

43% Hybrid * 

0.0099 0.0141 0.0212 

Industrial 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0112 0.0159 0.0239 

Lodging 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0069 0.0098 0.0148 
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Multifamily 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0068 0.0097 0.0145 

Office 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0063 0.0091 0.0136 

Other 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0112 0.0159 0.0239 

Parking 

0% Wood framed, 

100% Steel/concrete,  

0% Hybrid * 

0.0077 0.0111 0.0166 

Public Assembly 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0102 0.0146 0.0219 

Public Order and 

Safety 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0063 0.0091 0.0136 

Restaurant 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0094 0.0134 0.0200 

Retail 

38% Wood framed, 

 39% Steel/concrete,  

23% Hybrid 

0.0094 0.0134 0.0200 

Warehouse 

39% Wood framed, 

 32% Steel/concrete,  

29% Hybrid * 

0.0076 0.0109 0.0239 

Denver Average 

38% Wood framed, 

39% Steel/concrete, 

23% Hybrid 

0.0078 0.0124 0.0189 

* Percentage breakdown based on average values representing building type-specific ComStock Data for Denver 

(see Appendix A). Breakdowns without a * are sourced from average Denver-based Comstock Data but are not 

building type-specific. 

Equation 2. Adaptive reuse embodied savings calculation 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐹𝑎𝑐𝑡𝑜𝑟  = 1 − ( % 𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑅𝑒𝑢𝑠𝑒  ⋅  𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 %(𝑊𝑜𝑜𝑑,  𝐻𝑦𝑏𝑟𝑖𝑑,  𝑆𝑡𝑒𝑒𝑙𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒)) 

 

𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 𝑅𝑒𝑢𝑠𝑒 𝑆𝑎𝑣𝑖𝑛𝑔𝑠  (
𝑚𝑡 𝐶𝑂2𝑒

𝑓𝑡2
) =  𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐹𝑎𝑐𝑡𝑜𝑟  ⋅  𝐵𝑒𝑐𝐹 (

𝑚𝑡 𝐶𝑂2𝑒

𝑓𝑡2
) − 𝐵𝑒𝑐𝐹 (

𝑚𝑡 𝐶𝑂2𝑒

𝑓𝑡2
) 

Variables:  

• BecF: Building Embodied Carbon Emissions Factor. Taken from CLF’s Embodied Carbon 

Benchmark Research (building type definitions adjusted to create alignment between CLF and 

Dodge Data’s datasets). Calculated per square foot of different building types. 

• % of Structure Reuse = 45% 

• Structure % (Wood) = 50% of buildings emissions is structural  

• Structure % (Hybrid) = 60% of buildings emissions is structural 

• Structure % (Steel or Concrete) = 70% of buildings emissions is structural 

 

https://carbonleadershipforum.org/lca-benchmark-database/
https://carbonleadershipforum.org/lca-benchmark-database/
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Comparison of operational and embodied carbon savings 

Table 5 compares the operational carbon savings due to Energize Denver compliance for the 

average (50th quartile) and worst-performing (75th quartile) buildings in each building type to the 

embodied carbon savings expected from a reuse project that preserves 35%, 50%, or 75% of its 

structure.   

The “Carbon Breakeven Point” quantifies the number of years for the operational carbon 

savings to surpass adaptive reuse savings. For instance, an adaptive reuse educational building 

that preserves 35% of its structure would offset five years’ worth of operational carbon 

emissions.  

As shown, the closer a building is to meeting its target, the larger its Carbon Breakeven Point 

will be because it has a lower operational carbon footprint. For example, adaptive reuse of a 

median-performing healthcare building, just 5.9 kbtu/sf away from its target, would be worth 45 

years of operational savings. A 75th-quartile healthcare building, 37 kbtu/sf away from its target, 

would equate to 7 years of operational carbon savings. This presents challenges for calibrating 

and applying a consistent method for crediting adaptive reuse projects in the Energize Denver 

program.  

Table 5. Upfront embodied savings from 50% and 75% reuse compared to single-year 
operational carbon savings due to Energize Denver realized in 2030 

Building Category 
Single Year (2030 Snapshot) 

 (50th Quartile EUI) 
Single Year (2030 Snapshot) 

 (75th Quartile EUI) 

35% 
Reuse 

50% 
Reuse 

75% 
Reuse 

35% 
Reuse 

50% 
Reuse 

75% 
Reuse 

 
Carbon Breakeven Point (Years) Carbon Breakeven Point (Years) 

Education 5 7 10 3 4 5 

Food Sales 8 12 18 4 6 8 

Gym* AMT AMT AMT 3 4 7 

Health Care 21 30 45 3 4 7 

Industrial 4 6 10 2 2 3 

Lodging 3 5 7 1 2 3 

Multifamily 5 7 11 2 4 5 

Office 4 6 8 2 3 4 

Other 3 4 7 1 2 3 

Parking AMT AMT AMT 7 9 14 

Public Assembly 8 12 18 3 4 6 

Public Order and 
Safety 

15 21 32 3 4 6 

Restaurant* AMT AMT AMT AMT AMT AMT 

Retail 5 7 10 2 3 5 

Warehouse 5 7 11 2 3 5 

Average 7 10 16 3 4 6 

*Limited dataset 
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Table 6 compares the lifetime (25 years) operational carbon savings due to Energize Denver 

compliance for the average (50th Quartile) and worst-performing (75th percentile) buildings to the 

embodied carbon savings expected from a reuse project preserving 35%, 50%, or 75% of its 

structure. This comparison is shown as the adaptive reuse savings as a percentage of the 

operational savings.  

Table 6. Upfront embodied savings as a percentage of lifetime (2021-2045) operational 
carbon savings, accounting for the greening of the grid. 

Building Category 

Comparing 25 Years (2021-2045) of 
Operational Carbon Savings 

50th Quartile EUI  

Comparing 25 Years (2021-2045) of 
Operational Carbon Savings 

75th Quartile EUI  

35% 
Reuse 

50% 
Reuse 

75% 
Reuse 

35% 
Reuse 

50% 
Reuse 

75% 
Reuse 

 

Adaptive Reuse Savings  
(% of Operational) 

Adaptive Reuse Savings  
(% of Operational) 

Education 25% 35% 53% 13% 19% 28% 

Food Sales 48% 69% 103% 22% 31% 47% 

Gym* AMT AMT AMT 16% 23% 35% 

Health Care 118% 168% 252% 17% 24% 36% 

Industrial 24% 34% 51% 9% 12% 19% 

Lodging 18% 26% 39% 8% 11% 16% 

Multifamily 27% 39% 58% 13% 18% 27% 

Office 22% 32% 48% 11% 15% 23% 

Other 17% 24% 36% 7% 11% 16% 

Parking AMT AMT AMT 39% 56% 84% 

Public Assembly 44% 63% 95% 15% 22% 33% 

Public Order and 
Safety 80% 114% 170% 16% 23% 35% 

Restaurant* AMT AMT AMT AMT AMT AMT 

Retail 28% 39% 59% 11% 16% 25% 

Warehouse 26% 37% 55% 13% 18% 27% 

Average 40% 57% 85% 14% 21% 31% 
*Limited dataset 

Figure 2 shows the relative impact of single year and 25-year operational carbon savings, and 

the embodied carbon savings resulting from 35%, 50%, and 75% rates of reuse for each 

building typology.  
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Figure 2. Operational savings (single-year and 25 years) compared to embodied carbon 
savings of 35%, 50%, and 75% reuse 

 

 

 

Step 2: Evaluate Exemption Method 

Under this method, an adaptive reuse project would be exempted from Energize Denver 

requirements. This method would have been explored had the embodied savings calculated in 

Step 1 been greater than the potential operational savings. Analysis performed in Step 1 

revealed that only buildings performing near the median of the 2019 benchmarking dataset, 

within 5 KBtu/sf of their EUI target, would qualify for such an exemption. For this reason, the 

methodology in Step 1 is not recommended; Step 3 explores alternative crediting mechanisms. 
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Step 3: Evaluate EUI Method 

Instead of granting a total exemption, this method would grant projects an EUI reduction credit 

by converting the lifetime embodied savings of adaptive reuse into an equivalent EUI under 

Energize Denver. 

Step 1 showed that the embodied carbon savings from adaptive reuse of most projects are not 

significantly greater than the potential savings realized from the Energize Denver program. This 

method offers two options for calculating a modified EUI equivalency for adaptive reuse based 

on Energize Denver targets: the Percent Performance Credit Method and the KBTU/SF Credit 

Method. Both methods can be applied to specific building types or averaged across all building 

types. 

Percent Performance Credit Method 

This EUI credit is calculated by dividing the potential avoided embodied carbon emissions of a 

building type by the lifetime operational carbon emissions savings that would have resulted from 

that building type complying with Energize Denver.   

Methodology 

The credit is calculated by dividing the Avoided Embodied Carbon Emissions [A(ec)] by the 

Lifetime Operational Carbon Emissions [L(oc)], as shown in Equation 3: 

Equation 3. Percent-adjustment for a building target EUI 

𝐴𝑑𝑗𝑢𝑠𝑡𝑜𝑟 (%) =
𝐴(𝑒𝑐)

𝐿(𝑜𝑐)
 

Variables:  

• Adjustor (%): The percent-adjustment to be made to a building’s target EUI undergoing reuse.  

• A(ec): = Avoided embodied carbon emissions with X% reuse. 

• L(oc): Lifetime operational carbon emissions from new buildings in 2019 

 

Resulting EUI Targets 
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Table 7 displays the credit that would be applied to each 2030 Energize Denver Target under 

this methodology. This adjuster is assessed for the worst-performing buildings (75th percentile) 

in each building type, and against the embodied carbon savings expected from a reuse project 

preserving 35%, 50%, or 75% of its structure. Building counts from the benchmarking data and 

the 2030 Energize Denver targets are also shown for reference. 

  



   
 

15 
 

Table 7. Target Adjustment Factors and adjusted 2030 Energize Denver targets under the 
Percent Performance Credit.  

Building 
Category 

Building 
Count 

2030 EUI 
Target 

(kBtu/ft2)  

Embodied Carbon Savings 
as % of  

25 Years (2021-2045) of 
Operational Carbon 

Savings 
(75th Quartile EUI) 

2030 Adjusted EUI Target 
Percent Performance 

Method 

35% 
Reuse 

50% 
Reuse 

75% 
Reuse 

35% 
Reuse 

50% 
Reuse 

75% 
Reuse 

Education 230 51.4 13% 19% 28% 58.2 61.1 66.0 

Food Sales 40 166.8 22% 31% 47% 203.2 218.8 244.9 

Gym* 4 103.1 16% 23% 35% 120.0 127.3 139.4 

Healthcare 37 109.1 17% 24% 36% 127.2 135.0 147.9 

Industrial 109 43 9% 12% 19% 46.8 48.4 51.0 

Lodging 122 62.2 8% 11% 16% 66.9 68.9 72.2 

Multifamily 751 45.4 13% 18% 27% 51.2 53.7 57.8 

Office 333 50.8 11% 15% 23% 56.3 58.6 62.5 

Other 142 52.9 7% 11% 16% 56.9 58.6 61.4 

Parking 10 82.6 39% 56% 84% 115.1 129.1 152.3 

Public 
Assembly 

94 63.2 15% 22% 33% 72.8 76.9 83.8 

Public Order 
and Safety 

13 118.1 16% 23% 35% 137.2 145.3 159.0 

Restaurant 3 194.1 AMT AMT AMT AMT AMT AMT 

Retail* 73 59.1 11% 16% 25% 65.9 68.8 73.7 

Warehouse 336 27.2 13% 18% 27% 30.6 32.1 34.5 

Average  14% 21% 31%    

*Limited dataset 

Key 
 

  

 
 
Standard deviation above 

 

  

 
Within standard deviation from blanket/average adjustment 
 

 

Discussion of the Percent Performance Credit Method 

This method assesses the potential operational carbon benefits of a building under Energize 

Denver and compares them to the embodied carbon savings from adaptive reuse. The credit 

amount is a function of the relationship between these two factors. 

The percent performance method ties operational savings to typical Denver performance, 

considering how close or far a building is from its target. This calculation results in a credit 

allowance that favors high-performing buildings. Buildings that are further from their target 

receive a smaller percentage adjustment, as they have a greater potential for carbon savings 

and, consequently, a lower relative value of adaptive reuse savings. 
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An important limitation of this method is that it can only compare adaptive reuse carbon savings 

to the performance of existing building benchmark data, not to the potential savings of the post-

retrofit building under Energize Denver. Another limitation of this method is the absence of an 

accounting for post-retrofit savings and the lack of a sufficient number of case studies to 

validate the results. 

KBTU/SF Performance Credit Method 

Under the kBtu/SF method, the EUI credit is calculated by equating the potential avoided 

embodied carbon emissions of a new building to operational emission savings realized over 25 

years, measured in kBtu/sf. The operational emissions in this method are based on a building 

types’ fuel type and the grid mix. For this study, fuel type was based on an average building in 

Denver’s 2019 benchmarking dataset, which is a mixed fuel building (43% Electricity, 57% 

Natural Gas). 

Methodology  

This credit is determined by using Equation 4, where X represents the lowest possible value that 

makes the equation true. In other words, if a building is within a certain KBTU/sf range of its 

target, the environmental benefits of adaptive reuse outweigh the potential operational savings 

from strict compliance with Energize Denver.  

Equation 4. KBTU/SF adjustment for a building target EUI 

𝐸𝑚𝑏𝑜𝑑𝑖𝑒𝑑 𝐶𝑎𝑟𝑏𝑜𝑛 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 < 𝑋 ∗ 𝐸𝐹 + (𝑋 ∗ %𝐸 ∗ 𝐺𝐹 + 𝑋 ∗ %𝑁𝐺 ∗ 𝑁𝐺𝐶𝐹) ∗ 16 

𝐸𝐹 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒((1 ∗ %𝐸 ∗ 𝐺𝐹2021 + 1 ∗ %𝑁𝐺 ∗ 𝑁𝐺𝐶𝐹) ∗ 0.1), ((1 ∗ %𝐸 ∗ 𝐺𝐹2022 + 1 ∗ %𝑁𝐺 ∗ 𝑁𝐺𝐶𝐹)

∗ 0.2), … , ((1 ∗ %𝐸 ∗ 𝐺𝐹2029 + 1 ∗ %𝑁𝐺 ∗ 𝑁𝐺𝐶𝐹) ∗ 0.9)) 

 

Variables:  

• EF = Emissions factor for 2021-2019 accounting for both the grid greening and a staggered 

compliance with the buildings energize Denver credit. Grid Factor (2030-2045). Natural Gas 

emissions are wrapped into this. Under this analysis the factor is 0.00044 mt CO2e/kBtu.    

• NGCF: Natural gas carbon factor; conversion of 0.0000532 mt CO2e/kBtu  

• GF = Average Grid factor from 2030-2045 for this analysis this is 0.000034 mt CO2e/kBtu  

• %E = Average percent of energy consumption in a building in Denver from Electricity  

• %NG = Average percent of energy consumption in a building in Denver from Natural Gas  

• X= The Adjustment Credit 

Resulting EUI Targets 
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Table 8 displays the credit that would be applied to each 2030 Energize Denver target according 

to this methodology. This adjuster is assessed against the embodied carbon savings expected 

from a reuse project preserving 35%, 50%, or 75% of its structure. Building counts and the 2030 

Energize Denver targets are also shown for reference. 
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Table 8. Target Adjustment Factors and adjusted 2030 Energize Denver targets under the 
KBTU/SF Performance Credit.  

Building Type 
2030 EUI 
Target  

Additional EUI Allowed – KBTU/SF 
Method 

Adjusted 2030 Energize 
Denver EUI Target 

35% 
Reuse 

50% 
Reuse 

75% Reuse 
35% 

Reuse 
50% 

Reuse 
75% 

Reuse 

Education 51.4 8 (16%) 11 (21%) 16 (31%) 59.4 62.4 67.4 

Food Sales 166.8 8 (5%) 12 (7%) 17 (11%) 175.8 178.8 184.8 

Gym* 103.1 8 (8%) 12 (12%) 17 (17%) 111.1 115.1 121.1 

Healthcare 109.1 9 (8%) 12 (12%) 18 (17%) 118.1 122.1 128.1 

Industrial 43 10 (23%) 14 (33%) 21 (49%) 53 57 64 

Lodging 62.2 6 (10%) 9 (14%) 13 (21%) 68.2 71.2 75.2 

Multifamily 45.4 6 (13%) 9 (20%) 13 (29%) 51.4 54.4 58.4 

Office 50.8 6 (12%) 8 (16%) 12 (24%) 56.8 58.8 62.8 

Other 52.9 10 (19%) 14 (26%) 21 (40%) 62.9 66.9 73.9 

Parking 82.6 7 (8%) 10 (12%) 15 (18%) 89.6 92.6 97.6 

Public Assembly 63.2 9 (14%) 13 (21%) 19 (30%) 72.2 76.2 82.2 

Public Order 
and Safety 

118.1 6 (5%) 8 (7%) 12 (10%) 
124.1 126.1 130.1 

Restaurant* 94.1 AMT AMT AMT AMT AMT AMT 

Retail 59.1 8 (15%) 12 (20%) 17 (30%) 68.1 71.1 77.1 

Warehouse 27.2 10 (37%) 14 (51%) 21 (77%) 37.2 41.2 48.2 

Average 8 (14%) 11 (19%) 17 (28%)     

*Limited dataset 

Key 
 

  

 
 
Standard deviation above 

 

  

 
Standard deviation below 

 

  

 
Within standard deviation from blanket/average adjustment 
 

 

Discussion of the kBtu/SF Credit Method 

The kBtu/SF approach does not base the adjustment factor on how well a building is or will be 

performing. Instead, it equates the adaptive reuse carbon savings to the carbon savings of an 

EUI reduction.  

This creates a more direct credit justification: the adaptive reuse savings is worth an X-amount 

EUI reduction; therefore, an X-amount credit adjustment can be justified without compromising 

carbon reduction targets. This method also is easily replicable and adaptable to account for all-

electric buildings, different mixed-fuel building profiles, or a different future grid mix.  
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Methodology Comparison 

Table 9 shows the comparison in EUI credit between the two methods described above. This 

can help illustrate the “winners and losers” in terms of building type under each method. The 

bold numbers indicate the method that results in the highest EUI credit for that building type.  

Table 9. Sample table for policy deployment of individualized target adjustments 

Building Category 

2030 
EUI 

Target 

Adjusted 2030 EUI Target 
(Percent Performance 

Method) 

Adjusted 2030 EUI Target 
(kBtu/SF Method) 

  
35% 

Reuse 
50% 

Reuse 
75% 

Reuse 
35% 

Reuse 
50% 

Reuse 
75% 

Reuse 

Education 51.4 58.2 61.1 66 59.4 62.4 67.4 

Food Sales 166.8 203.2 218.8 244.9 175.8 178.8 184.8 

Gym 103.1 120 127.3 139.4 111.1 115.1 121.1 

Healthcare 109.1 127.2 135 147.9 118.1 122.1 128.1 

Industrial 43.0 46.8 48.4 51 53 57 64 

Lodging 62.2 66.9 68.9 72.2 68.2 71.2 75.2 

Multifamily 45.4 51.2 53.7 57.8 51.4 54.4 58.4 

Office 50.8 56.3 58.6 62.5 56.8 58.8 62.8 

Other 52.9 56.9 58.6 61.4 62.9 66.9 73.9 

Parking 82.6 115.1 129.1 152.3 89.6 92.6 97.6 

Public Assembly 63.2 72.8 76.9 83.8 72.2 76.2 82.2 

Public Order and 
Safety 

118.1 137.2 145.3 159 124.1 126.1 130.1 

Restaurant 194.1 194.1 194.1 194.1 194.1 194.1 194.1 

Retail 59.1 65.9 68.8 73.7 68.1 71.1 77.1 

Warehouse 27.2 30.6 32.1 34.5 37.2 41.2 48.2 

 

Table 10 displays the adjusted Energize Denver targets if each building were to be given an 

adjustment. The bold numbers indicate the method that results in the highest EUI credit for that 

building type.  

Table 10. Sample table for policy deployment of a flat target adjustments 

Building Type 

2030 EUI 

Target 
2030 Adjusted EUI Target 

 (Percent Performance Method) 
2030 Adjusted EUI Target 

 (KBTU/SF Method) 

 
35% 

Reuse 
50% 

Reuse 
75% 

Reuse 
35% 

Reuse 
50% 

Reuse 
75% Reuse 

Education 51.4 58.6 62.2 67.3 59.4 62.4 68.4 

Food Sales 166.8 190.2 201.8 218.5 174.8 177.8 183.8 

Gym 103.1 117.5 124.8 135.1 111.1 114.1 120.1 

Healthcare 109.1 124.4 132.0 142.9 117.1 120.1 126.1 

Industrial 43.0 49.0 52.0 56.3 51.0 54.0 60.0 
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Lodging 62.2 70.9 75.3 81.5 70.2 73.2 79.2 

Multifamily 45.4 51.8 54.9 59.5 53.4 56.4 62.4 

Office 50.8 57.9 61.5 66.6 58.8 61.8 67.8 

Other 52.9 60.3 64.0 69.3 60.9 63.9 69.9 

Parking 82.6 94.2 100.0 108.2 90.6 93.6 99.6 

Public Assembly 63.2 72.1 76.5 82.8 71.2 74.2 80.2 

Public Order and 

Safety 
118.1 134.6 142.9 154.7 126.1 129.1 135.1 

Restaurant 194.1 221.3 234.9 254.3 202.1 205.1 211.1 

Retail 59.1 67.4 71.5 77.4 67.1 70.1 76.1 

Warehouse 27.2 31.0 32.9 35.6 35.2 38.2 44.2 
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Appendix A: Assumptions and Data Sources 

The data and assumptions built upon Denver’s Building Sector Embodied Carbon Emissions 

(June 2021).  These calculations analyzed embodied carbon by building type and material type 

and answered the following questions:  

1. Which building types produce the most embodied carbon? 

2. How do emissions change over time? 

3. How do embodied and operational emissions compare to each other? 

4. Which materials should be used to lower embodied carbon footprints? 

The data sources, assumptions, and calculation methodologies used by that study are 

documented in Table 11. 

Table 11. Inputs and Data Sources, Assumptions, Calculation Methodologies  

Input Data Sources / Assumption / Calculation Methodology 

Embodied carbon 
emissions factors  
(per square foot for different 
building types) 

Taken from CLF’s Embodied Carbon Benchmark Research 

(Building type definitions adjusted to create alignment 
between CLF and Dodge Data’s datasets) 

Structural embodied 
carbon by building type 

Embodied Carbon Emission Factors for Denver adjusted by 
applying CARE tools factor for the structural carbon intensity 
in a building. Also adjusted for typical structural construction 
types discussed in Appendix B.  

All*-electric buildings A building was considered all-electric if it sourced 80% or 
more of its energy from electricity to match the requirements 
of Energize Denver’s Electrification Credit.  

Existing buildings’ 
operational carbon 
emissions 

2021-2030: Operational savings improve by 10% each year 
until 2030 Energize Denver Target is hit; grid greens at a 
constant rate, using Xcel Energy’s grid factors as starting 
point 

2030-2045: Building energy use is constant; Xcel grid 
continues to green 

Beyond 2045: Grid becomes 100% renewable in 2050 

 

  

https://www.denvergov.org/files/assets/public/v/1/climate-action/documents/hpbh/nze/denvers-building-sector-embodied-carbon-emissions-june-2021.pdf
https://carbonleadershipforum.org/lca-benchmark-database/
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Appendix B: Calculations for Adaptive Reuse Savings  

Part of determining how much embodied carbon a reuse policy saves is identifying which 

materials are being saved. Toward this end, this study estimated the percentage of buildings 

built to each structure type by using NREL’s ComStock database of all modeled buildings in the 

US. This database includes Denver-specific data on the percentages of building types that 

constitute certain wall construction: this is documented in Table 12. 

Table 12. Inputs and Data Sources, Assumptions, Calculation Methodologies 

Comstock Building Type Wall Construction Type % of existing building type 

stock built to wall 

construction type, based on 

total SF built 

FullServiceRestaurant SteelFramed 23% 

FullServiceRestaurant Mass 51% 

FullServiceRestaurant WoodFramed 23% 

FullServiceRestaurant Metal Building 3% 

Hospital SteelFramed 100% 

LargeHotel Mass 92% 

LargeHotel SteelFramed 8% 

LargeOffice SteelFramed 17% 

LargeOffice Mass 83% 

LargeOffice WoodFramed 0.4% 

MediumOffice SteelFramed 35% 

MediumOffice Mass 29% 

MediumOffice WoodFramed 36% 

Outpatient WoodFramed 41% 

Outpatient SteelFramed 26% 

Outpatient Mass 33% 

PrimarySchool WoodFramed 62% 

PrimarySchool Mass 23% 

PrimarySchool SteelFramed 15% 

QuickServiceRestaurant WoodFramed 67% 

QuickServiceRestaurant Mass 16% 

QuickServiceRestaurant SteelFramed 16% 

RetailStandalone SteelFramed 23% 

RetailStandalone Metal Building 4% 

RetailStandalone WoodFramed 27% 

RetailStandalone Mass 46% 

RetailStripmall WoodFramed 35% 

RetailStripmall Mass 36% 

RetailStripmall Metal Building 3% 

https://www.nrel.gov/docs/fy23osti/86634.pdf
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RetailStripmall SteelFramed 26% 

SecondarySchool Mass 34% 

SecondarySchool WoodFramed 66% 

SmallHotel WoodFramed 98% 

SmallHotel SteelFramed 2% 

SmallOffice SteelFramed 23% 

SmallOffice Mass 39% 

SmallOffice Metal Building 5% 

SmallOffice WoodFramed 33% 

Warehouse Metal Building 4% 

Warehouse WoodFramed 37% 

Warehouse SteelFramed 28% 

Warehouse Mass 31% 

 

This study used the ComStock data in the context of the methodology laid out by the CARE 

Tool, which allows users to compare the total carbon impacts of renovating an existing building 

against replacing it with a new one. At present, the CARE Tool emission intensity for building 

types is the most reputable source for wall construction embodied carbon values. 

This study applied the percentages provided by the ComStock database to the embodied 

carbon values offered by the CARE Tool. However, this application was not perfectly 

straightforward, as ComStock values do not align with the CARE Tool’s typical construction 

types.  

Comstock uses the following wall type definitions:  

- Mass wall (Mass): A wall with a heat capacity exceeding (1) 7 Btu/ft2·F or (2) 5 Btu/ft2·F, 

provided that the wall has a material unit weight not greater than 120 lb/ft3. 

- Metal building wall (Metal Building): A wall whose structure consists of metal spanning 

members supported by steel structural members (i.e., does not include spandrel glass or 

metal panels in curtain wall systems).  

- Steel-framed wall (SteelFramed): A wall with a cavity (insulated or otherwise) whose 

exterior surfaces are separated by steel framing members (i.e., typical steel stud walls 

and curtain wall systems). 

- Wood-framed and other walls (WoodFramed): All other wall types, including wood stud 

walls 

The CARE Tool emission intensity for building types has slightly different definitions for building 

wall types. 

- Wood: Small wood frame buildings 

- Steel and/or concrete: Mid-rise to high-rise, concrete/steel structure 

- Hybrid wood + steel/concrete: mixed wood + concrete or steel structures  

  

https://www.caretool.org/
https://www.caretool.org/
https://www.caretool.org/data-and-methodology/#:~:text=New%20Buildings%20and%20Additions
https://www.caretool.org/data-and-methodology/#:~:text=New%20Buildings%20and%20Additions
https://www.caretool.org/data-and-methodology/#:~:text=New%20Buildings%20and%20Additions
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The study used the mapping outlined below to consolidate those differences. 

Table 13. Structure Mapping 

ComStock Building Wall 
Types 

CARE Building Type CARE Embodied Carbon 
Value 

Wood Framed Wood  200 – 450 kg/m2 
Average 250kg/m2 

Mass & Metal Building Steel and/or Concrete 360 – 625kg/m2  
Average 500kg/m2 

Steel Framed Hybrid Wood + 
Steel/Concrete  

270 – 500kg/m2.   
Average 325kg/m2 

Note: The percentage of whole-building emissions from the structure come from the CARE tool. 

Across all building types, these savings equate to about 21% gross embodied carbon savings 

from 35% adaptive reuse, approximately 30% gross embodied carbon savings from 50% 

adaptive reuse, and approximately 45% gross embodied carbon savings from 75% adaptive 

reuse. 
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Appendix C: All* Electric vs Mixed Fuel Comparison 

This appendix further breaks down the tables in the report into mixed-fuel and all-electric 

buildings.  

Table 14. Breakdown of performance for all*-electric and mixed-fuel buildings in Denver 
today 

Building Category 

25th Quartile EUI  

(kBtu/sf) 

50th Quartile EUI  

(kBtu/sf) 

75th Quartile EUI  

(kBtu/sf) 

All-electric Mixed-fuel All-electric Mixed-fuel All-electric Mixed-fuel 

Education 23.5 58.2 26.7 72.2 27.4 88.6 

Food Sales 116.3 123.1 119.6 181.4 154.3 199.7 

Gym N/A 77.4 N/A 94.1 N/A 136.9 

Health Care 66.7 108.1 76.0 133.4 87.3 208.1 

Industrial 120.6 51.3 240.8 70.5 401.8 115.2 

Lodging 43.4 70.5 54.8 91.2 74.4 119.5 

Multifamily 31.3 49.8 34.5 61.3 41.6 76.4 

Office 49.6 61.3 58.1 75.6 71.2 94.8 

Other 79.8 64.0 129.5 91.0 200.9 136.4 

Parking 36.3 62.7 79.4 75.1 114.6 91.4 

Public Assembly 41.3 56.1 64.2 77.0 88.5 106.2 

Public Order and Safety N/A 88.6 N/A 123.1 N/A 142.6 

Restaurant 89.8 141.8 89.8 193.9 89.8 245.9 

Retail 63.8 57.7 70.9 83.8 74.1 117.0 

Warehouse 7.3 31.5 13.4 45.5 48.7 64.3 

Source: Denver’s 2019 Benchmarking Data. 

Key 
 

  
Best 

performers 
 Worst 

performers 
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Table 15 in the report assumed that all buildings with 80% or more of their total site energy 

coming from electricity will be considered “all-electric,” to align with the Energize Denver 

electrification credit.  

Table 15. Energy savings of all-electric* and mixed-fuel buildings in Denver.  

Building Category 

2030 EUI Target 

(kBtu/ft2) 

25th EUI Savings 

(kBtu/ft2) 

50th EUI Savings 

(kBtu/ft2) 

75th EUI Savings 

(kBtu/ft2) 

All-

electric 

Mixed-

fuel 

All-

electric 

Mixed-

fuel 

All-

electric 

Mixed-

fuel 

Education 51.4 AMT 6.8 AMT 20.8 AMT 37.2 

Food Sales 166.8 AMT AMT AMT 14.6 AMT 32.9 

Gym 103.1 N/A AMT N/A AMT N/A 33.8 

Health Care 109.1 AMT AMT AMT 24.3 AMT 99.0 

Industrial 43.0 77.60 8.3 197.8 27.5 358.8 72.2 

Lodging 62.2 AMT 8.3 AMT 29 12.2 57.3 

Multifamily 45.4 AMT 4.4 AMT 15.9 AMT 31.0 

Office 50.8 AMT 10.5 7.25 24.8 20.4 44 

Other 52.9 26.9 11.8 76.6 38.1 148 83.5 

Parking 82.6 AMT AMT AMT AMT 32.0 8.8 

Public Assembly 63.2 AMT AMT 1 13.8 25.3 43.0 

Public Order and 

Safety 118.1 
N/A AMT N/A 5 N/A 24.5 

Restaurant 94.1 AMT 47.7 AMT 99.8 AMT 151.8 

Retail 59.1 4.68 AMT 11.8 24.7 15 57.9 

Warehouse 27.2 AMT AMT AMT AMT AMT 3.4 

Source: Denver’s 2019 Benchmarking Data and Energize Denver EUI Targets.  

Key 

  
Least 

potential 
savings 

 Most potential 
savings 

 

AMT: Already Met Target. This indicates that the building 
group and quartile does not have any more opportunity to 
achieve operational savings. 
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Table 16. Breakdown of operational carbon savings for all-electric and mixed-fuel 
buildings 

Building Category 

Carbon Savings Single Year, 2030 

Snapshot 

Carbon Savings 25 Years (2021-

2045) 

50th Quartile 

Carbon Savings 

(mtCO2e/sf) 

75th Quartile 

Carbon Savings  

(mtCO2e/sf) 

50th Quartile 

Carbon Savings 

(mtCO2e/sf) 

75th Quartile 

Carbon Savings  

(mtCO2e/sf) 

All-

electric 

Mixed-

fuel 

All-

electric 

Mixed-

fuel 

All-

electric 

Mixed-

fuel 

All-

electric 

Mixed-

fuel 

Education - 0.0018 - 0.0033 - 0.0375 - 0.0696 

Food Sales - 0.0012 - 0.0026 - 0.0218 - 0.0500 

Gym - - - 0.0029 - - - 0.0605 

Health Care - 0.0020 - 0.0085 - 0.0382 - 0.1743 

Industrial 0.014 0.0024 0.025 0.0061 0.2120 0.0493 0.4013 0.1228 

Lodging - 0.0024 0.001 0.0049 - 0.0477 0.0134 0.1012 

Multifamily - 0.0014 - 0.0028 - 0.0282 - 0.0580 

Office 0.0005 0.0020 0.00142 0.0037 0.0076 0.0393 0.0219 0.0722 

Other 0.0053 0.0032 0.0100 0.0073 0.0826 0.0652 0.1502 0.1494 

Parking - - 0.002 0.0007 - - 0.0328 0.0143 

Public Assembly 0.000 0.0012 0.002 0.0037 0.0011 0.0253 0.0255 0.0748 

Public Order and 

Safety 
- 0.0004 - 0.0021 - 0.0086 - 0.0424 

Restaurant - - - 0.0135 - - - 0.2815 

Retail 0.001 0.0020 0.001 0.0048 0.0115 0.0383 0.0162 0.0951 

Warehouse - - - 0.0003 - - - 0.0062 

Source: Denver benchmarking data combined with carbon emission factors from EnergyStar Portfolio Manager. A 

blank is shown where a building was shown to already be meeting its target in Table 3. 
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Table 17. Upfront embodied savings from 35%, 50%, and 75% reuse compared to single-
year operational carbon savings due to Energize Denver realized in 2030 

 

  

Building Category 

Single Year, 2030 Snapshot 
 (75th Quartile EUI) 

All Electric 

Single Year, 2030 Snapshot 
 (75th Quartile EUI) 

Mixed Fuel 

35% Reuse 
50% 

Reuse 
75% 

Reuse 
35% 

Reuse 
50% 

Reuse 
75% 

Reuse 

 
Carbon Breakeven Point (Years) Carbon Breakeven Point (Years) 

Education AMT AMT AMT 3 4 5 

Food Sales AMT AMT AMT 4 5 8 

Gym AMT AMT AMT 3 4 7 

Health Care AMT AMT AMT 1 2 2 

Industrial 0 1 1 2 3 4 

Lodging 8 11 17 1 2 3 

Multifamily AMT AMT AMT 2 4 5 

Office 4 6 10 2 2 4 

Other 1 2 2 2 2 3 

Parking 4 5 8 11 15 23 

Public Assembly 6 9 13 3 4 6 

Public Order and Safety AMT AMT AMT 3 4 6 

Restaurant AMT AMT AMT 1 1 1 

Retail 9 13 19 2 3 4 

Warehouse AMT AMT AMT 26 37 55 

Average 5 7 10 4 6 9 
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Table 18. Upfront embodied savings as a percentage of lifetime (2021-2045) operational 
carbon savings, accounting for the greening of the grid  

Building Category 

Comparing 25 Years (2021-2045) of 
Operational Carbon Savings 

75th Quartile EUI  
All-Electric* 

Comparing 25 Years (2021-2045) of 
Operational Carbon Savings 

75th Quartile EUI 
Mixed Fuel  

35% 
Reuse 

50% 
Reuse 

75% 
Reuse 

35% 
Reuse 

50% 
Reuse 

75% 
Reuse 

 

Adaptive Reuse Savings  
(% of Operational) 

Adaptive Reuse Savings 
(% of Operational) 

Education AMT AMT AMT 12% 17% 26% 

Food Sales AMT AMT AMT 19% 27% 40% 

Gym AMT AMT AMT 15% 22% 32% 

Health Care AMT AMT AMT 6% 8% 12% 

Industrial 3% 4% 6% 9% 13% 19% 

Lodging 51% 73% 110% 7% 10% 15% 

Multifamily AMT AMT AMT 12% 17% 25% 

Office 29% 41% 62% 9% 13% 19% 

Other 7% 11% 16% 7% 11% 16% 

Parking 24% 34% 51% 54% 77% 116% 

Public Assembly 40% 57% 86% 14% 19% 29% 

Public Order and 
Safety 

AMT AMT AMT 15% 21% 32% 

Restaurant AMT AMT AMT 3% 5% 7% 

Retail 58% 83% 124% 10% 14% 21% 

Warehouse AMT AMT AMT 123% 176% 264% 

Average 30% 43% 65% 21% 30% 45% 
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Table 19. Mixed Fuel and All Electric* Building Breakdown  

 

Building Category 

Building Count 
  

All-
electric* 

Mixed-fuel 

Education 6 224 

Food Sales 3 37 

Gym 0 4 

Health Care 8 29 

Industrial 11 98 

Lodging 11 111 

Multifamily 24 727 

Office 88 245 

Other 28 114 

Parking 4 6 

Public Assembly 6 88 

Public Order and Safety 0 13 

Restaurant 1 2 

Retail 4 69 

Warehouse 23 313 
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Table 20. Compiled analysis  

Building 
Category 

  

25th 50th 75th 
% Electricity 

2030 
EUI 

Target 
EUI Savings 

Carbon 
Savings 
Single 

Year, 2030 
Snapshot 

Carbon 
Savings 
25 Years 

(2021-
2045) 

Reuse 
Embodied 

Carbon 
Savings 

Single Year, 
2030 

Snapshot 
 (50th Quartile 

EUI) 

Single Year, 
2030 

Snapshot 
 (75th Quartile 

EUI) 

Comparing 25 Years 
(2021-2045) of 

Operational Carbon 
Savings 

50th Quartile EUI 

Comparing 25 
Years (2021-2045) 

of Operational 
Carbon Savings 
75th Quartile EUI 
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