
 

 
1 

ENERGIZE DENVER - SMALL BUILDING PENALTY COST ANALYSIS 
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Description: Summarizes the steps taken to determine the appropriate penalty cost for buildings between 
5,000 and 24,999 SF complying with Energize Denver. 

PROJECT SUMMARY 

The Energize Denver Building Energy Performance Requirements were passed by the Denver City Council in 

November 2021. The adopted ordinance states “Any covered building owner who violates any provision of this 

article XIV, including any rules or regulations adopted pursuant to this article, is subject to a civil penalty amount 

of up to $0.70 per year for each required kBtu reduction that the owner’s covered building fails to achieve in that 

year.” The $0.70/kBtu maximum was determined based on the estimated cost of compliance by installing onsite 

solar. Group14 Engineering was contracted to analyze the cost of compliance for small buildings between 5,000 

SF and 24,999 SF which can comply by meeting one of the following: 

1. Improve Lighting: Install LED lighting to cover at least 90% of the lighting load throughout the building 

(interior and exterior lighting).  

2. Improve Energy Source: Install enough renewable power generation to generate at least 20% of the 

building's annual energy usage or purchase off-site renewables that generate enough electricity to meet 

20% of the building’s annual energy usage. 

From previous solar analysis performed for the large building program, the cost for installing solar PV ranged from 

$0.60-$0.70/kBtu/yr generated. The cost of achieving compliance through onsite renewable energy is more 

expensive than upgrading to LED lighting throughout the building. While off-site renewable energy may be lower 

cost, the costs will vary with each application and may not be available to all buildings. The small building penalty 

was therefore based on LED lighting upgrades only.  

Group14 compiled data from 39 different lighting projects performed by McKinstry. The projects ranged from 

5,800 sq.ft. to 49,000 sq.ft. and included a variety of LED upgrade types. While some of the projects analyzed 

were larger than 25,000 sq.ft., there was not a correlation between size and cost per sq.ft. so the larger buildings 

were included to provide a larger set of cost data.  

As part of this analysis, Group14 performed the following: 

• Analyzed the % of fixtures that need to be upgraded to achieve 90% of the lighting load from LED 

• Reviewed LED upgrade types, costs, and savings 

• Calculated the implementation cost per energy savings ($/kBtu) and cost per area ($/SF) to achieve 

compliance 

Following this analysis, Group14 worked with the City and County of Denver to determine the appropriate cost of 

compliance. The City has determined the total cost of compliance will be set at the top 15th percentile cost similar 

to the large building ordinance. The results of the cost analysis can be found in the table below. 
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Metric 

Lighting 
Savings 
(kBtu/yr) 

EUI Savings 
(kBtu/sf/yr) 

Total Cost 
($) 

Cost Per 
Area ($/sf) 

Cost per Annual 
kBtu Saved 
($/kBtu/yr) 

Min 30,438 1.6 $2,249 $0.21 $0.02 

Median 176,925 7.3 $19,134 $0.92 $0.11 

Average 212,480 7.2 $37,490 $1.14 $0.20 

Top 15th Percentile 378,763 9.4 $50,943 $1.60 $0.33 

Max 670,676 14.7 $221,177 $5.60 $1.01 

The default penalty will be based on the cost per area of $1.60/SF. The maximum penalty if no documentation is 

provided on LED lighting will be as follows: 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑃𝑒𝑛𝑎𝑙𝑡𝑦 = 𝑇𝑜𝑡𝑎𝑙 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑆𝐹 ∗ $1.60/𝑆𝐹  

Partial Compliance 

It was determined that 97% of the lighting fixtures need to be upgraded to LED to meet 90% of the lighting load. 
This is based on assumptions for standard fluorescent 2x4 fixtures converted to LED. If a small building has 
completed a lighting retrofit in part of their building and is not able to convert the full 97% of fixtures, a form can be 
completed documenting the quantity of LED and non-LED fixtures. The penalty will then be calculated based on 
the additional percentage of fixtures that need to be converted to achieve 97% LEDs using the following equation:  

𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑃𝑒𝑛𝑎𝑙𝑡𝑦 (𝐿𝐸𝐷 𝐿𝑖𝑔ℎ𝑡𝑖𝑛𝑔) = % 𝑜𝑓 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑖𝑥𝑡𝑢𝑟𝑒𝑠 𝑡𝑜 𝑏𝑒 𝐶𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝑡𝑜 𝐿𝐸𝐷 ∗ 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑆𝐹 ∗ $1.60/𝑆𝐹   

While the percent of fixtures that are LED may not exactly match the percentage of building area converted to 

LED lighting, it was determined that this method was an appropriate approximation since it allows building owners 

to submit a simple fixture count in lieu of a detailed assessment of each fixture type or area takeoffs for all 

building spaces.  

The equivalent cost per annual kBtu saved of $0.33/kBtu/yr can be used as an alternate if a renewable energy 
system is installed but does not achieve the full required 20% of the building’s annual energy usage. The following 
equation will apply: 

𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑃𝑒𝑛𝑎𝑙𝑡𝑦 (𝑅𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒 𝐸𝑛𝑒𝑔𝑦) = % 𝑜𝑓 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑁𝑒𝑒𝑑𝑒𝑑 ∗ 𝑇𝑜𝑡𝑎𝑙 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑘𝐵𝑡𝑢/𝑦𝑟 ∗
$0.33

𝑘𝐵𝑡𝑢/𝑦𝑟
  

If partial renewable and partial LED are implemented, the lower penalty of the two will apply. 

COMPLIANCE COST ANALYSIS METHODOLOGY 

Project Selection Criteria 

Group14 Engineering worked with McKinstry to collect 39 different lighting projects of various scope. The projects 

included new LED fixtures, fixture retrofits, and lamp replacements. The following provides additional information 

on this data: 

• All project costs used in the analysis include the cost of the fixture and labor. 

• The maximum range of costs was considered and an additional mark-up of 1.2 was used to account for 

inflation. 
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• Each lighting upgrade included the number of fixtures affected as well as the original and proposed 

wattage. Typical annual operating hours were assumed by building type. 

• All projects were in Colorado, mostly in the Denver metro area or Boulder. 

• Projects selected represent a variety of building types including offices, schools, public buildings, IT 

centers and universities.  

A table with detailed project information can be found in Appendix A.  

LED Lighting Upgrade Types 

The following LED upgrade types were included in the cost analysis: 

• Install New Fixtures 

• Retrofit Existing Fixtures 

• Install Kits 

• Re-lamp Fixtures 

By separating the lighting upgrade costs by retrofit type it was determined that the most expensive projects occur 

when most of the lighting fixtures are being replaced with new fixtures. While the projects included new fixtures in 

some areas, most of the project cost was in the “Retrofit Existing Fixtures” and “Install Kits” categories. This is 

typical since many fluorescent fixtures require some type of retrofit to allow for conversion to LED lamps. 

It was determined that the mix of upgrades included in the analysis was representative of typical LED projects for 

small buildings. It is possible that some buildings can meet the policy by re-lamping fixtures without retrofitting 

which will have a lower cost of compliance than the penalty cost. 

LED Lighting Percent of Lighting Load 

To comply with the city ordinance, 90% of a building’s total lighting load must come from LED lighting. This does 
not equate to 90% of lighting fixtures converting to LED because as each lighting fixture is replaced with an LED 
fixture, the building’s total lighting load decreases. Because of this, roughly 97% of all fixtures must be replaced 
with LED fixtures to achieve 90% of the building’s total lighting load from LED fixtures. This is illustrated in the 
following table which assumes typical 2x4 fixtures on office hours with a 66% energy reduction for LEDs: 
 

# LED 
Fixtures 

LED Energy 
(kwh/yr) 

# of 
Fluorescent 
Fixtures 

Fluorescent 
Energy 
(kwh/yr) 

Total 
Fixtures 

Total Lighting 
Energy 
(kwh/yr) 

% of 
Fixtures 
LED 

% of Lighting 
Load from 
LED 

97 9,079 3 833 100 9,912 97.0% 91.6% 

Renewable Energy 

Although the cost to implement onsite renewables is greater than $0.33/kBtu/yr, the same penalty structure will be 
used for those buildings seeking to implement renewable energy to reach their goals. If a building does not 
comply with the LED requirements and has either onsite or offsite renewable energy, they will have the option to 
calculate a partial penalty based on the additional energy needed to achieve 20% of total building energy from 
renewables.  

The penalty will not be greater than the maximum penalty based on implementing LED lighting for the full building 
square footage. If the building has partial LED lighting and partial renewables, it is up to the building owner to 
determine the partial compliance approach that produces the lower penalty and submit the respective documents. 
In general, the LED lighting penalty is likely to be lower if renewable energy covers less than 15% of the total 
building energy.  
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Example Penalties 

The table below provides example penalties for various size buildings with partial LED or partial solar. The gray 
costs under partial PV indicate the penalty levels that exceeded the maximum penalty amount and would 
therefore not be used.  
 

    Partial LED Completed Partial PV Completed 

Building 
Area (sf) 

Baseline 
EUI 

(kBtu/sf/yr) 

Baseline 
Energy 

(kBtu/Yr) 
Maximum 
Penalty 

Partial 
LED 

Penalty 

Partial 
LED 

Penalty 

Partial 
LED 

Penalty 

Partial 
PV 

Penalty 

Partial 
PV 

Penalty 

Partial 
PV 

Penalty 

   $ 1.60 % of Fixtures Converted: % of Total Energy from PV: 

   /sq.ft. 30% 50% 80% 10% 13% 15% 

10,500 50 525,000 $16,296 $11,256 $7,896 $2,856 $16,296 $12,128 $8,663 

10,500 72 756,000 $16,296 $11,256 $7,896 $2,856 $16,296 $16,296 $12,474 

18,000 50 900,000 $27,936 $19,296 $13,536 $4,896 $27,936 $20,790 $14,850 

18,000 72 1,296,000 $27,936 $19,296 $13,536 $4,896 $27,936 $27,936 $21,384 

22,000 50 1,100,000 $34,144 $23,584 $16,544 $5,984 $34,144 $25,410 $18,150 

22,000 72 1,584,000 $34,144 $23,584 $16,544 $5,984 $34,144 $34,144 $26,136 
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APPENDIX A – LIGHTING PROJECT DETAILS 

 



Historical Lighting Projects - Provided by McKinstry

Building/Project Type

Average 

Cost/sf

Administrative office $0.50

Animal shelter $0.96 Category

Lighting Savings 

(kWh/yr)

Lighting Savings 

(kBtu/yr)

EUI Savings 

(kBtu/sf/yr)

Total Cost

($)

Cost Per Area 

($/sf)

Cost per Annual 

kBtu Saved 

($/kBtu/yr)

Fire station $0.59 Min 8,921 30,438 1.6 2,249$                0.21$               0.02$                  

IT $1.32 25th Percentile 25,947 88,533 4.8 12,187$             0.49$               0.08$                  

Police station $0.47 Median 51,854 176,925 7.3 19,134$             0.92$               0.11$                  

Recreation $0.94 60th Percentile 64,853 221,279 8.5 30,611$             1.03$               0.13$                  Average Cost Per Area ($/sf)

School $1.81 85th Percentile 111,009 378,763 9.4 50,943$             1.60$               0.33$                  

Transportation $0.71 Max 196,564 670,676 14.7 221,177$           5.60$               1.01$                  

University $0.76 Average 62,274 212,480 7.2 37,490$             1.14$               0.20$                  

Combined Average $0.90

39 1,163,176                 1,462,109$        

Building Type

Building Size

(SF)

Lighting Savings 

(kWh/yr)

Lighting Savings 

(kBtu/yr)

EUI Savings 

(kBtu/sf/yr)

Total Cost

($)

Cost Per Area 

($/sf)

Cost per Annual 

kBtu Saved 

($/kBtu/yr)

Fire station 5,791 15,719 53,633 9.26 7,853$                1.36$               0.15$                  

Recreation 6,500 16,923 57,741 8.88 5,963$                0.92$               0.10$                  

Fire station 7,183 20,230 69,024 9.61 2,801$                0.39$               0.04$                  

Recreation 9,622 16,013 54,635 5.68 4,098$                0.43$               0.08$                  

School 10,000 43,125 147,143 14.71 18,522$             1.85$               0.13$                  

School 10,500 9,173 31,300 2.98 18,847$             1.79$               0.60$                  

Fire station 10,719 38,997 133,058 12.41 2,249$                0.21$               0.02$                  

Transportation 12,306 22,021 75,137 6.11 16,604$             1.35$               0.22$                  

Recreation 14,500 34,582 117,995 8.14 8,564$                0.59$               0.07$                  

IT 14,549 22,774 77,706 5.34 19,234$             1.32$               0.25$                  

Fire station 15,758 45,714 155,976 9.90 9,522$                0.60$               0.06$                  

University 16,768 14,013 47,814 2.85 12,781$             0.76$               0.27$                  

Transportation 17,050 23,127 78,908 4.63 4,452$                0.26$               0.06$                  

Transportation 18,652 8,921 30,438 1.63 14,740$             0.79$               0.48$                  

Transportation 19,378 51,854 176,925 9.13 20,984$             1.08$               0.12$                  

Fire station 24,372 50,064 170,817 7.01 10,109$             0.41$               0.06$                  

Transportation 25,646 30,127 102,792 4.01 12,046$             0.47$               0.12$                  

Administrative office 29,056 39,663 135,330 4.66 16,716$             0.58$               0.12$                  

Recreation 30,000 63,909 218,059 7.27 45,472$             1.52$               0.21$                  

Police station 31,234 78,597 268,174 8.59 14,966$             0.48$               0.06$                  

Animal shelter 36,476 92,668 316,182 8.67 35,063$             0.96$               0.11$                  

School 39,518 64,251 219,226 5.55 221,177$           5.60$               1.01$                  

Transportation 39,546 28,768 98,157 2.48 12,328$             0.31$               0.13$                  

Recreation 40,000 78,138 266,605 6.67 49,294$             1.23$               0.18$                  

Police station 40,228 102,062 348,234 8.66 16,921$             0.42$               0.05$                  

School 41,593 69,650 237,644 5.71 57,324$             1.38$               0.24$                  

Police station 41,765 113,870 388,526 9.30 21,216$             0.51$               0.05$                  

School 42,671 110,482 376,965 8.83 39,093$             0.92$               0.10$                  

School 43,380 112,238 382,957 8.83 37,419$             0.86$               0.10$                  

School 43,561 84,139 287,081 6.59 45,225$             1.04$               0.16$                  

School 44,660 46,714 159,389 3.57 116,583$           2.61$               0.73$                  

School 45,000 98,496 336,068 7.47 32,959$             0.73$               0.10$                  

Administrative office 46,037 51,923 177,161 3.85 19,134$             0.42$               0.11$                  

School 46,174 153,672 524,329 11.36 50,758$             1.10$               0.10$                  

School 46,175 67,356 229,818 4.98 165,722$           3.59$               0.72$                  

School 48,277 126,061 430,121 8.91 49,374$             1.02$               0.11$                  

School 48,938 65,004 221,792 4.53 128,133$           2.62$               0.58$                  

School 49,775 196,564 670,676 13.47 51,374$             1.03$               0.08$                  

School 49,818 121,100 413,192 8.29 46,487$             0.93$               0.11$                  
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