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August 10, 2015 
 
VIA EMAIL ONLY 
 
California Energy Commission 
Attn: Docket 15-BSTD-01 
Dockets Office, MS-4 
1516 Ninth Street 
Sacramento, CA 95814 
Docket@energy.ca.gov 
 

Re:   Docket No. 15-BSTD-01 - Adoption of 15 Day Language for the 
2016 Building Energy Efficiency Standards - Opposition to 
Proposed Lighting Retrofit Control and Acceptance Test 
Exemptions - Section 141.0(b)(2) and Table 141.0-F 

 
Dear Commissioners and Commission staff: 
 
 On behalf of the California chapters of the National Electrical Contractors 
Association (“NECA”), the California International Brotherhood of Electrical 
Workers locals (“IBEW”), and the California State Labor Management Cooperation 
Committee for the International Brotherhood of Electrical Workers and the 
National Electrical Contractors Association (“LMCC”), I am writing to oppose the 
proposed amendments to Section 141.1, subdivision (b)(2) of the 2016 Building 
Energy Efficiency Standards that would weaken, rollback and water down current 
lighting control, lighting power and acceptance test requirements for lighting 
retrofits in existing nonresidential buildings.  NECA, IBEW and the LMCC 
represent over a 1,000 contractors and over 30,000 electricians who install lighting 
systems and lighting controls in California.   
 
 NECA, IBEW and the LMCC strongly support the Governor’s goal of 
doubling the efficiency of existing buildings over the next 15 years.  This mandate is 
not achievable, however, unless energy efficiency standards for existing building 
alterations and modifications are substantially advanced every triennial cycle. 

California Energy Commission
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 We previously submitted comments on an earlier 15 day version of these 
proposals.  These comments address the revised version and the supporting 
documents relied upon to justify this proposal.  As discussed below, even with the 
changes to these proposals, retrofits subject to 2016 requirements will be 
significantly less efficient than retrofits subject to current 2013 requirements. 
 
 The 2013 Code currently requires most lighting system alterations, luminaire 
modifications and lighting wiring alterations in nonresidential buildings to install 
the following advanced lighting systems: (1) Section 130.1(a) area controls; (2) 
Section 130.1(b) multi-level controls (or in some limited cases one-step controls); (3) 
Section 130.1(c) shut-off controls; and (4) Section 130.1(d) Automatic Daylight 
Controls. These lighting controls are an essential component to meeting California’s 
energy efficiency goals.  Lighting controls can almost double a retrofit’s energy 
savings over just putting in more efficient LEDs.  
 
 In addition, the 2013 Code requires acceptance testing for all retrofits that 
require installation of controls.  Lighting control acceptance tests are necessary to 
ensure that controls operate correctly so they can achieve their desired energy 
saving potential instead of just providing illusory paper savings.  Studies have 
found that, without acceptance testing, the actual energy savings achieved by 
lighting controls may be less than half of what would be achieved with acceptance 
testing. 
 

The LMCC engaged an independent engineering firm, M. Neils Engineering, 
to perform an independent evaluation of the potential energy impact from the 
proposed exemptions.  A copy of the report is attached to this letter. M. Neils 
Engineering found that the Lighting Alteration Savings Analysis relied upon to 
support the proposed 2016 amendments contains several critical errors and 
omissions.  

 
When these errors and omissions are corrected, the calculations show that 

the proposed 2016 lighting retrofit changes will result in a net loss in energy 
savings of between 168 GWh and 209 GWh per year.  This will create a 2016 
standard for lighting retrofits that increases energy use in California buildings and 
costs California rate payers millions over the life of their lighting systems. 
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Since nonresidential lighting systems typically have a useful lifespan of 
approximately 15 years, these lost savings will compound every year.  Assuming 
that the 2016 code is effective for three years, retrofits installed under the 2016 
code could consume over 9,400 more gigawatt hours of energy over their 
lifespan than retrofits installed under the 2013 code. 
 
 By creating significant new loopholes to lighting efficiency requirements for 
nonresidential retrofits, this proposal will significantly decrease the energy 
efficiency of lighting retrofits compared to existing code requirements.  This roll 
back of current energy efficiency requirements is contrary to the Governor’s goal to 
double the efficiency of existing buildings in the next 15 years and is inconsistent 
with the Commission’s statutory mandate to adopt building standards that 
“increase” energy efficiency in buildings.  Moreover, these proposals have been 
proposed in violation of the California Procedure Act and the California 
Environmental Quality Act.  We urge the Commission to reject these proposed 
amendments.  
 
I. SUMMARY OF PROPOSED TITLE 24 LIGHTING RETROFIT 

AMENDMENTS  
 
 The below amendments proposed for adoption into the 2016 Code create 
significant new exemptions to current lighting control and acceptance testing 
requirements for retrofits in existing non-residential buildings.  Accordingly, IBEW, 
NECA, and the NECA-IBEW LMCC respectfully request that these proposed code 
changes be rejected by the Commission: 
 

A. Proposed Changes to Lighting System Alteration Requirements 
(Section 141.0, subdivision (b)2.I) 

 
1. New Alternative 35% Power Reduction Compliance 

Pathway for Alterations. 
 
 The 2016 Code Proposal creates a new alternative compliance pathway that 
exempts lighting alterations from otherwise applicable control and power allowance 
requirements if the replacement luminaires collectively have at least 35% lower 
rated power than the existing luminaires being replaced.  Under the current 2013 
Code, lighting alterations must meet maximum lighting power density (“LPD) 
requirements (i.e., watts per square feet), and must install applicable automatic 
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shutoff, area, multi-level, daylighting and demand response controls.  Lighting 
alterations that do not involve changing the area or use of the space are provided an 
exemption from multi-level, daylighting and demand response control 
requirements, however, if they maintain an LPD of 85% or less of the maximum 
allowed for the function area.  For modifications with lighting power 85% or less 
than the lighting power allowance, the 2013 Code still requires installation of area 
controls and automatic shutoff controls, and also requires installation of two-step 
(bi-level) lighting controls (instead of multi-level controls). 
 
 Alterations taking the new 35% power reduction pathway are required to 
install area and automatic shutoff controls, but are exempt from multi-level, 
daylighting and demand response control requirements.  In addition to a different 
threshold, the 35% power reduction pathway differs from the 85% LPD pathway in 
two significant ways which can result in significantly increased energy use under 
the 35% pathway.  First, the 35% power reduction pathway does not require the 
installation of the two-step lighting controls that is required under the 85% LPD 
pathway if multi-level controls are not installed.  Second, alterations taking the 
35% power reduction pathway are not required to meet any lighting power 
allowance requirements.  Under this pathway, power reduction requirements are 
capped at 35% even if the reduction would still exceed the maximum lighting power 
allowance otherwise applicable to the function area.  As discussed below, this is a 
significant difference because the maximum LPD requirement for many key 
function areas, such as office, retail and hotel occupancies, have been reduced by 
greater than 35% over the last decade.  This means that a 35% power reduction in 
those occupancies is unlikely to meet either the 85% LPD or the 100% LPD 
requirements. 
 

2. New Exemption for Alterations that Change the Area of 
the Enclosed Space or Change the Occupancy Type or 
Increase the Lighting Power in the Enclosed Space. 

 
 Under the 2013 Code, alterations that change the area of the enclosed space 
(and thus open up walls or ceilings), change the occupancy type, or increase lighting 
are required to comply with all applicable automatic shutoff, area, multi-level, 
daylighting and demand response controls and are may not exceed maximum LPD 
requirements.  The 2013 Code provides no exemptions to these requirements for 
these types of alterations. 
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 In contrast, the 2013 Code provides two exemptions for lighting system 
alterations that do not change the area of the enclosed space, change the occupancy 
type or increase the lighting power.  First these type of alterations may avoid 
installation of multi-level, daylighting and demand response control requirements if 
the lighting uses less than 85% of the maximum allowed power allowance for the 
given function area.  Second, the 2013 Code provides that Lighting System 
Alterations that do not change the area of the enclosed space, change the occupancy 
type or increase the lighting power are exempt from all lighting control and 
maximum LPD requirements if the alterations involve 10% or fewer of the existing 
luminaires. 
 
 The 2016 Code Proposal expands both of these limited exemptions to now 
cover all alterations, including those that change the area of the enclosed space, 
change the occupancy type or increase the lighting power. 
 

B. Proposed Changes to Luminaire Modification Requirements 
(Section 141.0, subdivision (b)2.J and Table 141.0-F)  

 
1. Title 24 Compliance Threshold Increased from 40 to 70 

Luminaires. 
 
 Under the 2016 Code Proposal, the threshold for applying any Title 24 
control or LPD requirements to nonresidential lighting modifications is raised from 
40 luminaire modifications to 70 luminaire modifications.  In addition, the 2016 
code eliminates the per year restriction on this threshold. 70 Luminaires is generally 
equivalent to a 7,000 square foot office space.  The elimination of the per-year 
requirement means that that a building owner would be able to modify 7,000 square 
feet of space every month without triggering any energy efficiency requirements.  
Accordingly, an 80,000 square foot building could modify all of its luminaires over a 
year period without having to comply with any Title 24 control or LPD 
requirements – even if the modifications substantially increase power consumption 
over existing levels. 
 

2. Elimination of Daylight and Multi-level Control 
Requirements for All Modifications. 

 
 The 2016 Code Proposal only requires luminaire modifications to install area 
controls and shut-off controls, jettisoning the existing requirement to also install 
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multi-level and daylighting controls.  (Multi-level and daylighting controls are 
required for modification under the current 2013 Code if lighting power is greater 
than 85% of the lighting power allowance.  For modifications with lighting power 
85% or less than the lighting power allowance, the 2013 Code requires installation 
of two-step (bi-level) lighting controls.) 
 

3. Modifications Allowed to Exceed Lighting Power 
Allowance. 

 
 Under the 2016 Code Proposal, modifications may exceed the maximum LPD 
allowance in Section 140.6 as long as the modified luminaires collectively have at 
least 35% lower power consumption ratings compared to the original luminaires.  In 
contrast, the 2013 Code requires modification to comply with the maximum LPD 
requirements even if compliance with the LPD allowance requires more than a 35% 
reduction in rated power from the existing lighting.  The 2016 Code thus caps the 
required reduction at 35% even if the lighting power allowances are not met.  This is 
not an academic distinction.  As discussed below, office, the LPD for retail and hotel 
function areas has been reduced by more than 35% over the last decade.  
Accordingly, a 35% reduction of power consumption in these occupancies can still 
result in an exceedance of the LPD allowance – allowing increased energy 
consumption over existing requirements. 
 

C. Proposed Changes to Lighting Wiring Alteration Requirements 
(Section 141.0, subdivision (b)2.K) 

 
1. Eliminates Demand Response Control Requirements. 

 
 The 2016 Code Proposal exempts lighting wiring alterations from existing 
demand response control requirements. 
 

2. Replaces Multi-Level Controls Requirement with a Pre-
Wiring Requirement. 

 
 The 2016 Code Proposal deletes the existing requirement for lighting wiring 
alterations to install multi-level controls and replaces it with a requirement to pre-
wire for two-level controls. 
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3. Creates New Exemption From Daylight Control 
Requirements. 

 
 The 2016 Code Proposal exempts lighting wiring alterations from existing 
daylight control requirements where less than 20 luminaires are located within the 
primary sidelit daylit zone and the skylit daylit zone. 
 

D. Elimination of Specific Area Control and Automatic Shut-Off 
Control Requirements for Luminaire Alterations, 
Modifications and Lighting Wiring Alteration 

 
1. Deletion of Section 130.1(a)(4) Area Control 

Requirements. 
 
 The 2013 Code requires lighting system alterations, luminaire modifications 
and lighting wiring alterations to comply with all the area control requirements set 
forth in Section 130.1(a). 
 
 The 2016 Code Proposal limits this existing requirement by exempting all 
lighting system alterations, luminaire modifications and lighting wiring alterations 
from compliance with Section 130.1(a)(4), which requires that: (A) General lighting 
shall be separately controlled from all other lighting systems in an area; (B) Floor 
and wall display, window display, case display, ornamental, and special effects 
lighting shall each be separately controlled on circuits that are 20 amps or less; and 
(C) When track lighting is used, general, display, ornamental, and special effects 
lighting shall each be separately controlled. 
 

2. Deletion of Automatic Shut-Off Control Requirements for 
Display Cases, Corridors, Stairwells and Hotel Guest 
Rooms. 

 
 The 2013 Code requires that luminaire modifications and lighting wiring 
alterations subject to automatic shut-off control requirements shall comply with all 
the requirements set forth in Section 130.1(c).  The 2016 Code Proposal limits this 
existing requirement by exempting all modifications and lighting wiring alterations 
from compliance with numerous provisions of Section 130.1(c), including 130.1, 
subdivisions (c)(1)(d) [separate controls form general, display, ornamental, and 
display case lighting], (c)(6)(B) [Library book stack aisle occupancy sensors], 
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(c)(6)(C) [corridor and stairwell occupancy sensors], (c)(7)(A) [hotel/motel corridor 
and stairwell occupancy sensors], and (c)(8) [hotel/motel guest room occupancy 
sensors].  The 2016 Code Proposal also exempts lighting wiring alterations from 
compliance with a number of additional subdivision of Section 130.1, including 
subdivisions (c)(2) [prohibition on countdown timer switches], (c)(5) [areas where 
occupant sensors must shut off all lighting], (c)(6) [additional occupancy sensor 
requirements for warehouses, corridors and stairwells]; and (c)(7) [parking garages 
and hotel/motel stairwells and corridors]. 
 
 E. Acceptance Test Exemption 
 
 Under the 2013 Code, all new installations of lighting controls must comply 
with acceptance test requirements to verify they provide the assumed functionality 
and energy savings.  The 2016 Code Proposal rolls back this requirement by now 
exempting lighting system alterations, luminaire modifications, lighting wiring 
alterations and outdoor lighting system alterations from acceptance test 
requirements where lighting controls are added to control 20 or fewer luminaires. 
  
 
II. INDEPENDENT ANALYSIS CONFIRMS THAT THE 2016 CODE 

PROPOSAL WILL RESULT IN SIGNIFICANT LOST ENERGY 
SAVINGS COMPARED TO MAINTAINING CURRENT CONTROL 
AND ACCEPTANCE TEST REQUIREMENTS 

 
In its supporting documentation, the California Energy Commission relies on 

a Lighting Alteration Savings Analysis that compares the energy savings from 
lighting system alterations, luminaire modifications and lighting wiring alterations 
under the 2013 California Energy Code requirements with the energy savings from 
lighting system alterations, luminaire modifications and lighting wiring alterations 
under the 2016 Code Proposal.  The Lighting Alteration Savings Analysis concludes 
that these amendments would result in an additional 74 Gigawatt-hours (GWh) of 
energy savings per year as compared to the current 2013 standards. 
 
 M. Neils Engineering reviewed the Lighting Alteration Savings Analysis and 
the other supporting documentation relied upon by the Commission, and identified 
several critical errors and omissions in the data.  When these errors and omissions 
are corrected, the calculations show that the proposed 2016 lighting retrofit changes 
will result in a net loss in energy savings of 168 GWh to 209 GWh per year. 
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This will create a 2016 standard for lighting alterations that increases energy 
use in California buildings.  As discussed below, these per year energy losses will 
compound over the lifespan of the retrofits and may result in more than 9,400 
gigawatt hours in total lost energy savings before these systems are updated 
again. 
 
 Among the errors and omissions found by M. Neils Engineering are the 
following: 
 

A. Failure to Take Into Account Lost Savings from Elimination of 
Multi-Level Control Requirements 

  
 The Lighting Alteration Savings Analysis incorrectly assumes that the 
elimination of multi-level control requirements will not result in any energy saving 
losses beyond what is already lost from the elimination of daylighting control 
requirements.  Multi-level controls, however, also save energy by enabling task 
tuning, manual dimming/switching, and multiple levels of scheduled dimming.  The 
CASE study on multilevel controls conducted to support the 2013 standards 
identifies specific energy savings from multi-level control task tuning that are not 
associated with other control strategies.  Moreover, the supporting documentation 
for the Lighting Alterations Savings Analysis sets forth the additional energy 
savings resulting from the installation of multi-level controls separately from the 
savings resulting from other controls.  Based on these calculations, the proposed 
elimination of multi-level control requirements will result in 148 GWh per year of 
lost energy savings that were not accounted for in the Analysis. 
 

B. Failure to Use CEC’s Weighted Average Lighting Power 
Density Calculations 

 
 The Lighting Alteration Savings Analysis incorrectly assumes that LPD 
requirements under the 2016 standards are an average of 20% lower than allowed 
under the 1998/2001 standards.  A building space’s maximum LPD depends upon 
the function of the space.  The maximum LPD varies substantially from space to 
space.  Moreover, the percentage reduction of the maximum LPD from the 
1998/2001 standards to the 2016 standards also varies greatly.  The LPD for some 
function areas, such as commercial storage, gym or theatre areas have not been 
reduced at all.  On the other hand, the LPD for function areas such as retail, office 
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and hotel occupancies have each been reduced by more than 35% since the 
1998/2001 standards. 
 

The Lighting Alteration Savings Analysis calculates the raw average 
reduction of each type of function area, but fails to take into account that certain 
function areas (such as retail, office and hotel areas) represent a much larger 
percentage of the existing building stock than other function areas.  Subsequent to 
this calculation the CEC prepared a more accurate weighted average LPD reduction 
calculation based upon the percentage of total square footage of existing buildings 
represented by each occupancy type.  Under this revised percentage, the CEC 
calculated that the average 2016 LPD savings over pre-2005 Code would be 27%, 
not 20%. 

 
The CEC, however, failed to update the Lighting Alteration Savings Analysis 

with this corrected average.  Changing the average 2016 LPD savings over vintage 
LPD savings from 20% to 27% would reduce energy savings by approximately 63 
gigawatt hours per year.  Even adjusting this calculation to assume that some 
percentage of lighting retrofits would meet 2005 Code LPD requirements (which the 
Lighting Alteration Savings Analysis did not do), the additional lost energy savings 
would still amount to between 22 and 45 gigawatt hours per year. 
 

C. Overestimate of Percentage of Existing Systems with 
Automatic Shutoff and Multi-Level Controls 

 
 The Lighting Alteration Savings Analysis overestimates the fraction of 
existing lighting systems that already utilize automatic shutoff and multi-level 
lighting controls.  The Analysis assumes there is no way to know how many existing 
systems use these controls and arbitrarily assumes a usage rate of 50%.  This is 
incorrect, the California Appliance Saturation Survey issued by Itron on behalf of 
the CPUC in 2014, surveyed approximately 1400 commercial businesses on what 
types of lighting controls they had installed. Only about 10-30% of large businesses 
and between 0% and 20% of all other businesses had some form of auto shutoff 
control.  Adjusting the number to 20%, results in an additional 50 GWh per year of 
lost savings. 
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D. Rounding Error 
 
 The Lighting Alteration Savings Analysis improperly rounded down a 
reconciliation factor for determining the fraction of total commercial floor space 
applicable to the 2013 standards from 0.916 to 0.91.  This rounding error results in 
about 0.5 GWh per year of lost savings. 
 

E.  Arbitrary and Unsupported Market Share Adjustments 
 
 The Lighting Alteration Savings Analysis arbitrarily and without 
justification assumed the 2016 proposed standards would affect a 3% bigger market 
share than the 2013 standards despite substantially decreasing the number of 
lighting retrofits that would be subject to compliance with the standards.1  
Removing this arbitrary market share assumption results in an additional 20.5 
GWh per year of lost savings. 
 

F.  Additional Factors that Further Reduce Energy Savings 
 
 In addition to the errors described above, a number of additional factors have 
not been taken into account that will result in even greater energy savings losses 
beyond the 168 GWh to 209 GWh per year of losses identified in our revised 
calculations.  The potential lost energy savings from these factors must also be 
estimated and disclosed before the Commission considers approving this code 
change. 
 

1. Failure to Take into Account Disparate Effect on 
Different Function Areas. 

 
 The Lighting Alteration Savings Analysis fails to take into account that 
function area types whose LPD maximums have been reduced by more than 35% 
since the 1998/2001 code are much more likely to utilize the newly proposed 35% 
lighting power reduction compliance path than function areas whose LPD 
maximums have been reduced by less than 10% since the 1998/2001 code.  Under 
the 2016 Code proposal, retrofits will have two options for avoiding multi-level, 

                                            
1 The 2016 Code proposal decreases the number of retrofits subject to the standards by expanding 
the applicability of the 10% threshold for alterations and increasing the threshold for modifications 
from 40 to 70, without any per year restrictions.  
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daylighting and demand response lighting control requirements: (1) installing 
alterations that use less than 85% of the LPD maximum or (2) reducing overall 
power consumption by 35%.  Under the 2013 Code, only the 85% LPD option was 
available to avoid full lighting control requirements. Because building owners will 
most often select the option that is the easiest and cheapest to meet, not all function 
areas will select the 35% lighting power reduction compliance path at an equal rate.  
The rate that different function areas select the 35% lighting power reduction 
compliance path will have a significant effect on how much energy savings or losses 
will result from the adoption of this path. 
 
 For example, the LPD requirement for office, retail and hotel function areas 
has decreased by more than 35% since the 1998/2001 code.  Accordingly, these 
function areas could reduce their power consumption by 35% from 1998/2001 code 
requirements and still exceed the 2013 or 2016 LPD requirements.  Lighting 
alterations of office, retail and hotel function areas (which collectively make up over 
43% of existing nonresidential building space) are thus allowed to use substantially 
more energy under the proposed 35% power reduction path than they would be 
allowed under the 100% LPD (with full controls) or the 85% LPD (with partial 
controls) paths.  Moreover, the 35% power reduction path will be much cheaper and 
easier to meet for these function areas than either of the existing lighting alteration 
compliance options since the 35% power reduction option does not require as deep 
power density reductions or control installation requirements. 
 
 Function areas such as commercial storage, theatre or gym occupancies, on 
the other hand, would be significantly more energy efficient under the 35% lighting 
reduction pathway because their maximum allowed LPDs have not changed.  The 
1998 LPDs for these function areas are exactly the same as the 2016 LPDs.  
Accordingly, a 35% power reduction would effectively reduce the power density to 
35% below the maximum allowed LPD – significantly more power reduction than if 
the 85% LPD path (requiring a 15% LPD reduction) were taken.  However, this 
energy savings is illusory because these function areas are highly unlikely to use 
the 35% reduction path since they can obtain the same reduction in lighting control 
requirements by just using the much easier to meet 85% LPD path (requiring a 15% 
LPD reduction instead of a 35% LPD reduction). 
 
 Because of the significant variations in cost and energy efficiency 
requirements among function areas, the assumption in the Analysis that each 
function area will use the 35% power reduction path at an equal rate is not credible.  
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Function areas that would be less energy efficient under the 35% power reduction 
path are inherently much more likely to use that path than function areas that 
would be more energy efficient under the 35% power reduction path.  This likely 
disparity in the rate that function areas use the 35% power reduction path will 
result in lost energy savings even greater than has been calculated in the M. Neils 
Engineering analysis.  The potential lost energy savings from this disparity needs to 
be estimated and disclosed in order to meaningfully assess the potential impact of 
this proposed new loophole from existing control requirements. 
 

2. Verification and Enforcement Issues. 
 
  The 35% power reduction path will also result in additional energy 
saving losses due to enforcement issues that are structurally inherent with this 
approach.  In order to verify compliance, the Authority Having Jurisdiction would 
need to be able to verify the power rating of the original lighting system.   
 
 Inspections of permitted alteration work, however, do not occur until after 
the original system has been removed and rough installation has been finished.  At 
this stage of a construction project, the original lighting fixtures or components 
would already be gone so the baseline value of the existing luminaires could not be 
verified.  Furthermore, the 2016 Code proposal does not include any other 
requirement for documenting or verifying the baseline level of the altered 
luminaires.  Accordingly, there is no practical way for a building official to enforce 
the proposed 30% more efficient lamp option. 
 
 Moreover, this exemption provides an economic incentive to overstate the 
actual power reduction savings from a lamp change out or modification in order to 
avoid the additional upfront expense of advanced control requirements.  Without a 
verifiable compliance mechanism, the 35% more efficient lamp option will just 
result in paper savings.  Further study of this control-avoidance option is needed to 
address its intrinsic compliance and enforcement issues.  These are the sort of 
considerations that should be sorted out during pre-rulemaking stakeholder 
proceedings, rather than during truncated 15 day language comment periods. 
 
  3. Expansion of Scope of Existing Exemptions. 
 
 The 2013 Code provides a limited exemption from multi-level, daylighting 
and demand response control requirements for lighting alterations that result in an 
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average lighting power density that is at least 85% less than the maximum watts 
per square feet allowed for the function area, and a complete exemption from any 
energy efficiency requirements where less than 10% of luminaires are altered – but 
these exemptions only apply if no walls or ceilings are moved and the occupancy 
type stays the same.  As a result, most tenant improvement work is not eligible for 
this advanced control exemption.  The 2016 proposal expands these exemptions to 
include all lighting alterations, including where the alteration moves walls or 
ceilings, or changes the occupancy type. 
 

4. New Partial Exemption from Acceptance Test 
Requirements. 

 
 The 2016 Code Proposal exempts indoor and outdoor lighting retrofits from 
current acceptance test requirements where controls are added to 20 or fewer 
luminaires.  This exemption will further reduce energy savings from what would be 
achieved through compliance with 2013 Code requirements.  
 
 Acceptance testing, which has been required by Title 24 since 2005, is 
necessary to ensure that assumed paper energy savings translate to actual energy 
savings.  Studies have found that the gap between the expected energy efficiency 
savings of HVAC and lighting control installations and the energy savings actually 
realized when evaluated has been as much as 51% and 63%.2  
 
 This gap is particularly prevalent with the installation of advanced lighting 
controls.   An evaluation of Title 24 acceptance testing effectiveness found that 
automatic daylighting controls failed in 7 out of 7 tests, and occupancy sensors 
failed in 2 out of 3 tests.  All of the failures were due to design, installation, and/or 
calibration issues that would not have been identified without acceptance testing.3 
 

                                            
2 See Energy Division, California Public Utilities Commission, Energy Efficiency Evaluation Report 
for the 2009 Bridge Funding Period (January 2011). 
http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/EM+and+V/2009_Energy_Efficiency_Evaluat
ion_Report.htm; Lutz, Al and Vishy Tirumalashett, ACEEE Summer Study Proceedings, Measure by 
Measure: the Real Reasons for Gaps in Claimed and Evaluated Savings (2012), 
http://aceee.org/files/proceedings/2012/data/papers/0193-000134.pdf#page=1. 
3 Tyler, Matthew, John Farley and Eliot Crowe.  Evaluation of Title 24 Acceptance Testing 
Enforcement and Effectiveness. PECI, September 2011. 
http://www.cacx.org/PIER/documents/T24_Acceptance_Testing_Final_Report.pdf. 
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 As these studies show, without acceptance testing, the actual energy savings 
achieved by the installation of lighting controls may be less than half of what would 
be achieved with acceptance testing.  The lost energy savings from this proposed 
exemption should be calculated and disclosed before the Commission considers 
approving this code change. 
   
 As a general policy matter, the LMCC urges the Commission to maintain 
acceptance test requirements for all lighting control installations to ensure that 
lighting controls are installed and calibrated correctly so they can achieve their 
assumed energy saving potential.  Without such verification, customers won’t earn 
back their investment in these controls and inefficient lighting systems will be 
locked in for years to come. 
 
 G. Lost Energy Savings Will Compound Every Year 
 
 The revised Lighting Analysis prepared by M. Neils Engineering calculates 
that the proposed 2016 amendments to the lighting retrofit requirements will result 
in lost energy savings of 168 to 209 gigawatt hours each year.  The total lost energy 
savings, however, will compound each year. Nonresidential lighting systems 
typically have a useful lifespan of approximately 10 to 15 years.  This means that 
retrofits installed each year under the 2016 code may use 2,090 (209 GWh/year x 10 
years) to 3,135 (209 GWh/year x 15 years) more gigawatt hours of energy over their 
lifespan than if installed under the 2013 code.  Moreover, each year the 2016 Code 
is in effect will result in new retrofit installations with additional lost energy saving 
opportunities.  Assuming that the 2016 code is effective for three years, this means 
that retrofits installed under the 2016 code may use between 6,270 to 9,405 more 
gigawatt hours of energy over their lifespan than retrofits installed under the 2013 
code. 
 
 These calculations don’t take into account the additional energy losses that 
would occur due to the likely disparity in the rate that different function areas will 
use the proposed new 35% power reduction path, due to the structurally inherent 
verification and enforcement issues related to the proposed new 35% power 
reduction path, due to the expansion of the scope of existing exemptions and due to 
the limited exemptions from acceptance test requirements.  Accordingly, actual lost 
energy savings from this proposed code change could be even greater. 
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III. ADOPTION OF THE PROPOSED AMENDMENTS VIOLATES THE 
FEDERAL REQUIREMENT TO ADOPT ENERGY EFFICIENCY 
STANDARDS AT LEAST AS STRINGENT AS ASHRAE 90.1 

 
 The proposed amendment to Section 141.0, subdivision (b)2I.ii provides that 
lighting system alterations shall be exempt from lighting power allowance 
requirements if the luminaires are at least 30% more efficient than the original 
luminaires.  This exemption violates the federal requirement to adopt energy 
efficiency standards for commercial buildings that are at least as stringent as the 
ASHRAE 90.1 standards.  The Energy Policy Act (EPACT) of 1992 requires that all 
states adopt an energy code that is at least as stringent as ASHRAE 90.1. ASHRAE 
standard 90.1-2010 requires compliance with lighting power density requirements if 
more than 10% of the lighting is retrofitted.  By allowing retrofits to exceed lighting 
power density requirements, this exemption fails to maintain energy efficiency 
standards for commercial buildings that are at least as stringent as the ASHRAE 
90.1 standards. 
 
 
IV. PROPOSED ROLLBACK OF STANDARDS IS CONTRARY TO THE 

ADMINISTRATION’S ENERGY EFFICIENCY GOALS AND POLICIES 
FOR EXISTING BUILDINGS 

 
 The proposed rollback of control and LPD requirements for lighting 
alterations and modifications is contrary to the Governor’s mandate set forth in his 
inaugural address earlier this year to double the efficiency of existing buildings over 
the next 15 years.  Lighting controls are also critical to meeting California’s 
greenhouse gas reduction goals.  The CPUC’s 2008 Long Term Energy Efficiency 
Strategic Plan noted that long term strategic planning is needed to achieve 
California’s energy efficiency and greenhouse gas reduction goals.  The plan called 
for reducing energy consumption in existing residential buildings by 40% by 2020 
and for 50% of California’s existing commercial buildings to be zero net energy by 
2030.  These mandates are not achievable if buildings are allowed to evade current 
lighting system efficiency requirements through the creation of new loopholes. 
 
 The requirement to install advanced lighting controls when alterations or 
modifications are made to lighting systems or luminaires is an essential component 
to meeting these greenhouse gas reduction and energy efficiency goals.  Lighting 
accounts for almost 40% of a commercial building’s electrical use.  This is double the 
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energy used for cooling.  While changing to more efficient bulbs and fixtures is a key 
first step toward increasing energy efficiency in existing buildings, the deeper 
energy savings needed to achieve California’s aggressive energy efficiency goals 
require also installing advanced lighting controls. 
 
 Lighting controls significantly increase a retrofit’s energy savings over just 
putting in more efficient LED luminaires.  A study of the commercial lighting sector 
found that lighting controls reduce commercial buildings’ energy use for lighting by 
up to an additional 38%.4  By creating new exemptions to control installation 
requirements in existing buildings, the Commission will lose substantial energy 
savings that would be achieved under the current code. 
 
 Furthermore, California’s energy efficiency and greenhouse gas (GHG) 
reduction goals cannot be met solely by requiring advanced lighting controls in new 
buildings.  New buildings are a small percentage of the total building stock.  There 
is approximately 8 billion square feet of existing, nonresidential space in California.  
Approximately half of this stock was built prior to the establishment of the Building 
Energy Efficiency Standards.  Shallow retrofits to this existing stock will lock in 
shallow savings, and are thus an obstacle, not a solution, to meeting these energy 
efficiency goals. 
 
 Nonresidential property owners rarely update their lighting systems more 
than once every 10-15 years.  Accordingly, once these shallow retrofits are installed, 
deeper energy saving opportunities will be lost for years to come.  Conversely, the 
greater savings achieved under the current advanced control requirements will 
continue to pay energy savings dividends for the life of the equipment.  These 
savings will be lost under the current proposed amendments and these losses will 
continue to compound for the next four to five code cycles or more. 
 
 The proposed rollback of demand response control requirements is also 
antithetical to the Governor’s mandate to increase the Renewable Portfolio 
Standard to 50% within the next 15 years.  Advanced lighting controls coupled with 
automated demand response controls provide important grid management 
capability to allow increased reliance on less predictable wind and solar energy 

                                            
4 Jackson, et al, ACEEE Summer Study Proceedings, California’s Advanced Lighting Controls 
Training Program: Building a Skilled Workforce in the Energy Efficiency Market (2012), 
http://www.aceee.org/files/proceedings/2012/start.htm.  
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sources.  Providing new loopholes for avoiding the installation of demand response 
controls in existing buildings creates an unnecessary barrier to achieving the 
increased renewable energy goal. 
 
 Finally, the proposed rollback of these requirements is contrary to the 
Commission’s statutory mandate to adopt building standards that “increase” energy 
efficiency in buildings.  As discussed above, the 2016 Code Proposals before the 
Commission will result in a significant decrease in the energy efficiency of lighting 
retrofits compared to existing code requirements. 
 
 
V. COMPLAINTS OF 2013 CODE’S EFFECT ON RETROFIT DEMAND 

ARE ANECDOTAL AND HAVE BEEN REFUTED BY PG&E STUDIES 
 
 Staff has indicated that they proposed these exemptions based upon 
complaints that the cost and complexity of compliance with the 2013 lighting 
control requirements for alterations and modifications have reduced the rate of 
retrofits.  These complaints are anecdotal and inaccurate. No studies or reliable 
evidence has been presented in support of their claim that the 2013 lighting control 
requirements have resulted in reduced energy savings due to its impact on retrofit 
demand.  
 
 To the contrary, in comments submitted on April 24, 2015, PG&E expressly 
refuted the claim that the 2013 Title 24 lighting retrofit requirements have had a 
negative impact on retrofit energy savings.5  PG&E evaluated projects that utilized 
utility incentives and those that did not, and found that in both cases the 2013 Title 
24 lighting retrofit requirements “have been successfully implemented in the state 
to general real energy savings.”6  The PG&E letter noted that the claimed downturn 
in lighting retrofit business actually predated the effective date of the 2013 
standards and was due to increasing federal appliance regulation baselines.7  PG&E 
found that, rather than further decreasing retrofit business demand, the 2013 

                                            
5 PG&E Statewide Codes and Standards Program, PG&E Comments on 15 Day Proposed Changes to 
Nonresidential Lighting Retrofit Requirements in 2016 Title 24 Standards, Docket # 15-BSTD-01 
(April 24, 2015) at pp. 4-5, 10. 
6 Id. at p. 10. 
7 Id. at p. 4. 
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lighting retrofit requirements have increased the demand for deeper retrofits, 
resulting in substantially increased energy savings.8 
 
 PG&E’s findings are consistent with the feedback that NECA and IBEW 
have gotten from their contractors and installers regarding the impact of the 2013 
code requirements on demand for lighting retrofits.  Their members also found that 
this increased demand has resulted in a significant decrease of lighting control costs 
since the 2013 Code went into effect.  There are also many more suppliers and many 
more systems available than there were in 2013, further contributing to downward 
price trends.  As a result, the time it takes customers to recoup the cost of lighting 
controls with savings in electricity cost has gone down substantially since the 
adoption of the 2013 requirements. 
 
 
VI.  ADOPTION OF THE PROPOSED EXEMPTIONS WOULD VIOLATE 

THE CALIFORNIA ADMINISTRATIVE PROCEDURE ACT 
 
  The proposal of these exemptions as 15 day language violates the 
requirements of the California Administrative Procedure Act.  Most of the proposed 
exemptions were not included or even alluded to during the 45 day public comment 
period held for the 2016 Code (or in any of the stakeholder pre-rulemaking 
proceedings held prior to the 45 day public comment period).  Instead, they were 
proposed for the first time in 15 day language. 
 
 The Administrative Procedure Act requires agencies to provide a 45 day 
public comment period on proposed regulations.  If changes to these proposed 
regulations are made, an additional 45 day public comment period is generally 
required.  A 15 day public comment period is permitted only if the proposed changes 
are not substantial and are sufficiently related to the text contained in the 45 day 
language that the public was adequately placed on notice that the proposed change 
could result from the originally proposed regulatory action.9 
 
 Here, the 45 day language did not propose any exemptions to control 
requirements for alterations, did not propose any exemptions based upon altered or 
modified luminaires reducing power consumption by some certain amount over the 

                                            
8 Id. at pp. 4-5. 
9 Gov. Code section 11346.8, subd. (c). 
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original luminaires, did not propose exempting alterations or modifications from 
power allowance requirements, and did not propose any exemptions from existing 
acceptance test requirements.  Accordingly, nothing in the 45 day language put the 
public on notice that the originally proposed amendments could be modified as now 
being proposed in the 15 day language. 
 
 Rather than correcting this error by identifying these changes as significant 
new amendments and providing for a full 45 day public comment period, these 
amendments are again noticed as 15 day language and the public has again been 
provided less than 45 days to review and comment on the proposals. 
 
 Before setting the precedent of adopting amendments that reduce existing 
energy efficiency requirements, the Commission should ensure that the 
amendments have been properly noticed and that sufficient time for public review 
and comment has been provided.  Because notice and comment period requirements 
have not been properly provided, approval of this 15 day language would violate the 
California Administrative Procedure Act. 
 
 
VII. ADOPTION OF THE PROPOSED EXEMPTIONS WOULD VIOLATE 

CEQA 
 
 The proposed Initial Study/Negative Declaration prepared for the 15 day 
language concludes that there is no evidence that the 2016 Code Proposal would 
result in any significant environmental impacts because the Proposal would result 
in increased energy savings.  As discussed above, this assumption is incorrect.  As a 
result, these proposed code changes require revised review under the California 
Environmental Quality Act (“CEQA”) and may require preparation of an 
Environmental Impact Report (“EIR”). 
 

CEQA requires that an agency analyze the potential environmental impacts 
of its proposed actions in an EIR if “there is substantial evidence, in light of the 
whole record before the lead agency, that the project may have a significant effect 
on the environment.”10  A negative declaration is only allowed in lieu of an EIR 

                                            
10 Pub. Resources Code, § 21080, subd. (d) (emphasis added); CEQA Guidelines, § 15064. 
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where there is not even a “fair argument” that the project will have a significant 
environmental effect.11  
 
 The “fair argument” standard is an exceptionally “low threshold” favoring 
environmental review in an EIR rather than a negative declaration.12  The “fair 
argument” standard requires preparation of an EIR, if any substantial evidence in 
the record indicates that a project may have an adverse environmental effect.13  As 
a matter of law, substantial evidence includes both expert and lay opinion.14  Even 
if other substantial evidence supports the opposite conclusion, the agency 
nevertheless must prepare an EIR.15  Under the “fair argument,” CEQA always 
resolves the benefit of the doubt in favor of the public and the environment. 
 
 Here, a fair argument exists that the proposed exemptions will reduce energy 
savings and may result in increased GHG emissions.  The expert report of M. Neils 
Engineering is substantial evidence that adoption of the 2016 Code Proposal will 
result in significant increased energy consumption.  This increased energy 
consumption over what would be required if the 2016 Code proposal were not 
adopted will have the indirect impact of requiring increased energy generation that 
will likely result in increased GHG emissions.  An EIR must be prepared to 
evaluate this impact. 
 
 
X. CONCLUSION 
 
 NECA, IBEW and the LMCC strongly support the energy efficiency goals of 
the Commission and the administrations.  However, the shallow and unverified 
retrofits proposals now being considered are contrary to these goals and will result 
in substantial lost energy savings.  Moreover, the 2013 code requirements have 
already been shown to work.  PG&E’s study of the 2013 requirements show that 
that they have substantially increased energy savings.  In addition, the increased 
demand for deeper retrofits spurred by the 2013 requirements have resulted in 
                                            
11 Citizens of Lake Murray v. San Diego (1989) 129 Cal.App.3d 436, 440; Pub. Resources Code, 
§§ 21100, 21064. 
12 Pocket Protectors v. City of Sacramento (2004) 124 Cal.App.4th 903, 928. 
13 CEQA Guidelines, § 15064, subd. (f)(1); Pocket Protectors v. City of Sacramento, supra, 124 
Cal.App.4th at 931. 
14 Pub. Resources Code, § 21080, subd. (e)(1); CEQA Guidelines, § 15064, subd. (f)(5). 
15 Arviv Enterprises v. South Valley Area Planning Comm. (2002) 101 Cal.App.4th 1333, 1346. 
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substantial cost reductions for lighting controls and faster payback of savings to 
building owners.  We urge the Commission to reject the efforts to weaken current 
standards.  California’s energy efficiency requirements for existing buildings need 
to move forward, not backwards. 
 
      Sincerely, 

       
      Thomas A. Enslow 
 
TAE:ljl 
 
cc:  andrew.mcallister@energy.ca.gov, mshirakh@energy.ca.gov 

Eurlyne.Geiszler@energy.ca.gov 
 
Attachment: M. Neils Engineering, Inc., Evaluation of July 10, 2015 15-Day 
Language re Proposed Revisions to Section 141.0 of the California Energy Code 
(Aug. 7, 2015) and Neils Exhibits A-G. 



 

August 7, 2015
Evaluation of July 10, 2015 15-Day Language regarding Proposed Revisions to Section 
141.0 of the California Energy Code.

Prepared for IBEW-NECA-LMCC by 
Michael F. Neils, P.E., LC

I. BACKGROUND 

In response to a request from IBEW-NECA LMCC, this report evaluates the proposed revisions 
to Section 141.0 of the California Building Energy Efficiency Standards California Code of 
Regulations, Title 24, Part 6 (California Energy Code) set forth in the 15-day language published 
on July 10, 2015.  These proposed revisions would alter lighting control, demand response 
control and acceptance test requirements for lighting system alterations, luminaire modifications, 
and lighting wiring alterations.

The author has participated in the California Energy Code revisions process since 1981, most 
recently as a principal investigator for the CASE Report on Requirements for Controllable 
Lighting that were included in the 2013 California Energy Code. Additionally, he chaired the 
California Energy Commission Title 24 Professional Advisory Group lighting subcommittee 
from 1982 to 1991. He chaired the Commission’s Advanced Lighting Professional Advisory 
Committee (ALPAC), from 1987 through 1993. He was a co-author of the “Advanced Lighting 
Guidelines, 2001 Edition,” published by the New Buildings Institute. In 2001/2002, he provided 
technical assistance to RLW Analytics and New Buildings Institute in support of the “Outdoor 
Lighting Baseline Assessment,” which evaluated energy use for outdoor lighting in California, 
on behalf of the California Energy Commission Public Interest Energy Research (PIER) 
Program. He also was principal investigator for the “Electric Sign Efficiency CASE Report,” as 
part of the 2008 California Energy Commission Title 24 Building Energy Efficiency Standards 
Rulemaking Proceeding. 

II. SUMMARY OF CONCLUSIONS

The Lighting Alteration Savings Analysis relied upon to support the proposed 2016 amendments 
to current lighting system alteration, luminaire modification and lighting wiring alteration 
requirements contains several critical errors or omissions. When these errors and omissions are 
corrected, the calculations show that the proposed 2016 lighting retrofit changes will result in a 
net loss in energy savings of between 168 GWh and 209 GWh per year. 

The 15-day language will create a 2016 Standard for lighting alterations that increases energy 
use in California buildings and cost California rate payers millions over the life of their lighting 
systems.  Since nonresidential lighting systems typically have a useful lifespan of approximately 
10 to 15 years, retrofits installed each year under the 2016 code would use 2,090 to 3,135 more 
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gigawatt hours of energy over their lifespan than if installed under the 2013 code, assuming a 15-
year system life.  Assuming that the 2016 code is effective for three years, retrofits installed 
under the 2016 code will use between 6,270 and 9,405 more gigawatt hours of energy over their 
lifespan than retrofits installed under the 2013 code.

Among the errors and omissions in the Lighting Alteration Savings Analysis are the following:

A. Failure to Take Into Account Lost Savings from Elimination of Multi-Level 
Control Requirements.

The Lighting Alteration Savings Analysis incorrectly assumes that the elimination of multi-level 
control requirements will not result in any energy saving losses beyond what is lost from the 
elimination of daylighting control requirements.  Multilevel controls, however, also save energy 
by enabling task tuning, manual dimming/switching, and multiple levels of scheduled dimming. 
The CASE study on multilevel controls conducted to support the 2013 Standards identifies 
specific energy savings from multilevel control task tuning that are not associated with other 
control strategies.  Based on the Lighting Alteration Savings Analysis that supported the 
savings from 2013 Code lighting measures, the proposed elimination of multi-level control 
requirements will result in 148 GWh per year of lost energy savings that were not accounted for 
in the analysis.

B. Failure to Use CEC’s Weighted Average Lighting Power Density 
Calculations.

The Lighting Alteration Savings Analysis incorrectly assumes that lighting power requirements 
under the 2016 standards are an average of 20% lower than allowed under the 1998/2001 
standards.  Subsequent to this calculation the CEC prepared a more accurate weighted lighting 
power density (LPD) calculation based upon the percentage of total square footage of existing 
buildings represented by each occupancy type. (See Exhibit D.) Under this revised percentage, 
the CEC calculated that the average 2016 LPD savings over pre-2005 Code would be 27%, not 
20%.  However, the CEC failed to update this corrected average in the Lighting Alteration 
Savings Analysis.  Changing the average 2016 LPD savings over vintage LPD savings from 20% 
to 27% would reduce energy savings by approximately 63 gigawatt hours per year.  Even 
assuming that some percentage of lighting retrofits would meet 2005 Code LPD requirements, 
the additional lost energy savings would still amount to between 22 and 45 gigawatt hours per 
year.

C. Overestimate of Percentage of Existing Systems with Automatic Shutoff and 
Multi-Level Controls.

The Lighting Alteration Savings Analysis overestimates the fraction of existing lighting systems 
that already utilize automatic shutoff and multi-level lighting controls.  The Analysis assumes 
there is no way to know how many existing systems use these controls and arbitrarily assumes a 
usage rate of 50%.  This is incorrect, the California Appliance Saturation Survey issued by Itron 
on behalf of the CPUC in 2014, surveyed approximately 1400 commercial businesses on what 
types of lighting controls they had installed. Only about 10-30% of large businesses had some 
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form of auto shutoff control and between 0% and 20% of all other businesses had these controls.  
Adjusting the number to 20% results in and additional 50 GWh per year of lost savings.

D. Rounding Errors.

The Lighting Alteration Savings Analysis improperly rounded down a reconciliation factor for 
determining the fraction of total commercial floor space applicable to the 2013 standards from 
0.916 to 0.91. This rounding error results in about 0.5 GWh per year of lost savings.

E. Arbitrary and Unsupported Market Share Adjustments.

The Lighting Alteration Savings Analysis arbitrarily and without justification assumed the 2016 
proposed standards would affect a 3% bigger market share than the 2013 Standards despite 
actually increasing the number of lighting retrofits that would be exempt from compliance with 
the standards.  Removing this arbitrary market share assumption results in an additional 20.5 
GWh per year of lost savings.

F. Additional Factors that Further Reduce Energy Savings. 

In addition to the issues described above, a number of additional factors that have not been taken 
into account in our calculations will further reduce energy savings from that required under the 
2013 code.  The potential lost energy savings from these factors should also be estimated and 
disclosed before the Commission considers approving this code change.

(1) Failure to Take into Account Disparate Effect on Different Function 
Areas. 

The Lighting Alteration Savings Analysis fails to take into account that function area types 
whose LPD maximums have been reduced by more than 35% since the 1998/2001 code are 
much more likely to utilize the newly proposed 35% lighting power reduction compliance path 
than function areas whose LPD maximums have been reduced by less than 10% since the 
1998/2001 code.  Under the 2016 Code proposal, retrofits will have two options for avoiding 
multi-level, daylighting and demand response lighting control requirements: (1) installing 
alterations that use less than 85% of the LPD maximum or (2) reducing overall power 
consumption by 35%. Under the 2013 Code, only the 85% LPD option was available to avoid 
full lighting control requirements. Because building owners will most often select the option that 
is the easiest and cheapest to meet, not all function areas will select the 35% lighting power 
reduction compliance path at an equal rate. The rate that different function areas select the 35% 
lighting power reduction compliance path will have a significant effect on how much energy 
savings or losses will result from the adoption of this path.  

For example, function areas such as office, retail and hotel occupancies (which collectively make 
up over 43% of the existing nonresidential building spaces) can reduce their power consumption 
by 35% from 1998/2001 code requirements and still not meet the 100% LPD requirement since 
the LPD requirement for each of these function areas has decreased by more than 35% since the 
1998/2001 code.  Accordingly, these function areas will use substantially more energy by 
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following the 35% pathway than by following the 100% LPD path (with full controls) or the 
85% LPD path (with partial controls) currently allowed under the 2013 code.  Moreover, 35% 
power reduction path will be much easier to meet for these function areas than either of the other, 
more energy efficient, pathways.

Function areas such as commercial storage, theatre or gym occupancies, on the other hand, 
would be significantly more energy efficient under the 35% lighting reduction pathway because 
their maximum allowed LPDs are the same as the maximum LPDs allowed in pre-2005 vintage 
lighting systems.  Accordingly, it would be much easier for these function areas to avoid 
advanced control requirements by using the 85% LPD path (requiring a 15% LPD reduction) 
than by using the 35% power reduction path.

The assumption in the Analysis that each function area will use the 35% power reduction path at 
an equal rate is not credible.  Instead, function areas that will be less energy efficient under the 
35% power reduction path are much more likely to use that path than function areas that would 
be more energy efficient under the 35% power reduction path.  This likely disparity in the rate 
that function areas use the 35% power reduction path will result in further significant lost energy 
savings over what would occur in the 2013 code.  The potential lost energy savings from this 
disparity needs to be estimated and disclosed before the Commission considers approving this 
code change.

(2) Inherent Verification and Enforcement Issues. 

The 35% power reduction path will also result in additional energy saving losses due to 
enforcement issues that are inherent with this approach.  Verification and enforcement of the 35 
percent reduction will be extremely difficult, because when a retrofit building permit is issued, 
the first site visit by an inspector is to inspect the rough installation, including any new wiring. 
At this stage of a construction project, the original lighting fixtures or components would already 
be gone so the baseline value of the existing luminaires could not be verified.  This may lead to 
inaccurate or fraudulent estimates of the lighting power reduction since property owners and 
lighting contractors will have a strong economic incentive to claim that a 35 percent reduction 
has been achieved.

(3) Expansion of Scope of Existing Exemptions.

The 2013 Code provides a limited exemption from multi-level, daylighting and demand response 
control requirements for lighting alterations that result in an average lighting power density that 
is at least 85% less than the maximum watts per square feet allowed for the function area, and a 
complete exemption from any energy efficiency requirements where less than 10% of luminaires 
are altered – but these exemptions only apply if no walls or ceilings are moved and the 
occupancy type stays the same.  As a result, most tenant improvement work is not eligible for 
this advanced control exemption. The 2016 proposal expands these exemptions to include all 
lighting alterations, including where the alteration moves walls or ceilings, or changes the 
occupancy type.
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  (4) New Partial Exemption from Acceptance Test Requirements.  

The proposed 2016 Code language also exempts indoor and outdoor lighting retrofits from 
current acceptance test requirements where controls are added to 20 or fewer luminaires.  This 
exemption will further reduce energy savings from what would be achieved through compliance 
with 2013 Code requirements. Studies have shown that without acceptance testing, the actual 
energy savings achieved by the installation of lighting controls may be less than half of what 
would be achieved with acceptance testing.  The lost energy savings from this proposed 
exemption should be calculated and disclosed before the Commission considers approving this 
code change.  

III. EVALUATION OF ENERGY SAVINGS CALCULATIONS

CEC proposes multiple changes to regulations for lighting alteration projects contained in the 
Title 24 Building Energy Efficiency Standards (2013 Standards). A comparison of the proposed 
changes to what is required in the 2013 California Energy Code is contained in Exhibits A-C of 
this report.  In its supporting documentation, the California Energy Commission relies on a 
Lighting Alteration Savings Analysis and a report entitled Supporting Nonresidential Energy 
Impacts by Y. Zhang, July 2015.  California Energy Commission staff have also provided me 
with a copy of the excel spreadsheet1 on which the Lighting Alteration Savings Analysis is based 
and the supporting documents.  They have also provided me with a document entitled Vintage 
Lighting Systems, which provides the average 2016 savings over vintage for lighting power 
densities (LPDs) and the weighted average 2016 savings over vintage for LPDs. (Exhibit D.) 

The Lighting Alteration Savings Analysis compares the energy savings from lighting system 
alterations, luminaire modifications and lighting wiring alterations under the 2013 California 
Energy Code requirements with the energy savings from lighting system alterations, luminaire 
modifications and lighting wiring alterations under the proposed 2016 amendments.  This 
Analysis concludes that these amendments would result in an additional 74 Gigawatt-hours 
(GWh) of energy savings per year as compared to the current 2013 Standards. 

We have reviewed the Lighting Alteration Savings Analysis spreadsheet and the other supporting 
documentation and have identified several critical errors or omissions in the data.  When these 
errors and omissions are corrected, the calculations show that the proposed 2016 lighting retrofit 
changes will result in a net loss in energy savings of somewhere between 168 GWh and 209 
GWh per year. (See Exhibts E-G.) This will create a 2016 Standard for lighting alterations that 
increases energy use in California buildings and costs California rate payers millions over the 
life of their lighting systems.2

Our revised calculations are attached as Exhibits E and F.

                                            
1 “Lighting alteration savings analysis 04292015 v32.xlsx”
2 168 GWh of electricity costs approximately $35,000,000 assuming an average commercial rate of $0.21 per KWh. 
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A. Proposal to Eliminate Multi-Level Lighting Controls Requirements for All 
Lighting Alteration Projects

The Lighting Alteration Savings Analysis incorrectly assumes that there would be no lost energy 
savings attributable solely to the elimination of multi-level controls. While this technology more 
easily enables use of occupancy controls and daylighting controls (and those savings should not 
be double counted), multilevel controls also enable task tuning, manual dimming/switching, and 
multiple levels of scheduled dimming. The CASE study on multilevel controls conducted to 
support the 2013 Standards speaks to this point and, in fact, only associates savings from task 
tuning to multilevel controls so as not to double count savings associated with other control 
strategies. After taking into account the lost savings associated with multi-level lighting control 
strategies such as task tuning (savings attributed to 2013 Standards in the Lighting Savings 
Analysis), the proposed elimination of this control requirement in the 2016 Standards results in 
148 GWh per year of lost savings.

B. Proposal to Eliminate Certain Lighting Control and Lighting Power Density 
Requirements for Lighting Alterations and Lighting Component 
Modifications that Achieve a 35% Power Reduction

The Lighting Alteration Savings Analysis estimates that the new proposed lighting alteration 
compliance option that eliminates certain lighting controls requirements if projects achieve a 
35% reduction in lighting power will result in energy savings that are a 75% improvement over 
the 2013 Standards. A review of the underlying spreadsheet shows that this conclusion is based 
on an assumption that the allowed lighting power requirements contained in the 2016 Standards 
are, on average, 20% lower than allowed under lighting systems that were installed in 
compliance with the LPD requirements contained in the 1998/2001 code. This is not accurate.

Lighting power requirements vary depending on the type of function area.  However, not every 
function area has reduced their lighting power requirements equally.  For example, the maximum 
lighting power density (LPD) for retail areas under the pre-2005 Code is 2.00 watts per square 
feet. The LPD under the 2016 code is 1.20 watts per square feet, which is a reduction of 40%. 
The LPD for commercial storage, gyms, theaters, and restrooms did not change at all from pre-
2005 Code to the 2016 code – in other words these function areas are 0% more efficient.  The 
LPD for numerous other occupancies just changed marginally. The Lighting Alteration Savings 
Analysis use of an average 20% reduction is based the incorrect assumption that the number of 
retrofits under the 2016 code would be distributed among each type of occupancy equally.

Subsequent to this calculation, the CEC prepared a more accurate weighted lighting power 
density calculation based upon the percentage of total square footage of existing buildings 
represented by each occupancy type. (Exhibit D). Under this revised percentage, the CEC 
calculated that the average 2016 LPD savings over pre-2005 Code would be 27%, not 20%.  
However, the CEC failed to update this average in the Lighting Alteration Savings Analysis
spreadsheet calculation of the energy impacts of the proposed 2016 Code changes.  Changing 
the average 2016 LPD savings over vintage LPD savings from 20% to 27% would reduce 
energy savings by approximately 63 gigawatt hours per year. (See Exhibit G.)
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However, this calculation likely overstates the losses that would occur from this code change 
because it assumes that all retrofits would be pre-2005 vintage.3 Nonresidential lighting systems 
generally have a 10 to 15 year lifespan, so some percentage of the retrofits under the 2016 code 
would likely be 2005 Code compliant.  An assumption that only pre-2005 vintage lighting 
systems will take advantage of the 35% power reduction pathway represents the worst case 
scenario.  On the other hand, an assumption that the number of retrofits taking advantage of the 
35% power reduction pathway would be equally distributed between 2005 vintage and pre-2005 
vintage lighting systems is likely overly optimistic. Because most 2005 vintage lighting systems 
would have an easier time avoiding advanced lighting controls under the 85% LPD reduction 
pathway than under the 35% total power reduction pathway, it is likely that a much greater 
percentage of 1998/2001-Code vintage lighting systems would take advantage of the 35% power 
reduction pathway than 2005-Code vintage systems.  Accordingly, we assume that the 
reasonable worst case scenario would assume that 75% of the systems taking advantage of the 
35% power reduction pathway would be pre-2005 vintage and 25% would be 2005 vintage.  As 
shown below, energy savings would be significantly less than calculated in the Lighting 
Alteration Savings Analysis spreadsheet under either the optimistic 50/50 scenario or the 
reasonable worst case scenario of 75/25. 

Lighting systems complying with 1998/2001 standards will save 27% by complying with the 
2013 requirements, while systems compliant with the 2005 standards will save 17% (using the 
weighted averages calculated by Commission staff). Assuming, optimistically, an equal 
distribution of systems complying with both code vintages, average savings associated with 
lighting alternations designed to the 2013 Standards as compared to past code requirements is 
22%, 2% higher than CEC estimates.  Changing the average 2016 LPD savings over vintage 
LPD savings in the Lighting Alteration Savings Analysis spreadsheet calculation from 20% 
to 22% (reflecting the optimistic 50/50 scenario) would reduce energy savings by 
approximately 22 gigawatt hours per year. (See Exhibit E.) 

Assuming the reasonable worst case scenario that 75% of the systems taking advantage of the 
35% power reduction pathway would be pre-2005 vintage and 25% would be 2005 vintage, the 
average savings associated with lighting alternations designed to the 2013 Standards as 
compared to past code requirements is 24.5%, 4.5% higher than CEC estimates. After updating 
the calculations to reflect the reasonable worst case scenario, the proposed 2016 code 
modifications pertaining to the 35% lighting power reductions compliance path results in 24
GWh per year less savings than that estimated by the CEC.4 Changing the average 2016 LPD 
savings over vintage LPD savings in the Lighting Alteration Savings Analysis spreadsheet 
calculation from 20% to 24.5% (reflecting reasonably the reasonable worst case 75/25 
scenario) would reduce energy savings by approximately 45 gigawatt hours per year. (See 
Exhibit F.) 
                                            
3 For the purposes of this discussion, pre-2005 vintage lighting systems refer to lighting systems that are compliant 
with the 1998 or 2001 editions of the California Energy Code.  The 2001 edition was superseded by the 2005 edition 
of the California Energy Code.  1998 and 2001 lighting power allowances are very similar or identical for all space 
types considered – so no distinction is made between these codes under this analysis.
4 This reduced savings is based on also making the other additional corrections made to the calculations, which 
result in this change having less effect than it would if no other changes were made to the calculations.  If those 
other corrections were not made, the reduction in savings would be even greater - 46 gigawatt hours per year 
instead of 24 gigawatt hours per year.
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The actual lost energy savings from this code change would probably be even greater than the 
reasonable worst case scenario, because that scenario does not account for the likelihood that the 
function area types whose LPD maximums have been reduced by more than 35% since the 
1998/2001 code are much more likely to utilize the 35% lighting power reduction compliance 
path than function areas whose LPD maximums have been reduced by less than 10% since the 
1998/2001 code.  Retrofits will have two options for avoiding advanced lighting control 
requirements: (1) reducing overall power consumption by 35% or (2) installing alterations that 
use less than 85% of the LPD maximum.  It is reasonable to assume that these will comply with
the option that is the easiest and/or cheapest to meet.

Function areas such as office, retail and hotel occupancies (which collectively make up over 43% 
of the existing nonresidential building spaces) can reduce their power consumption by 35% from 
1998/2001 code requirements and still not meet the 100% LPD requirement since the LPD 
requirement for each of these function areas has decreased by more than 35% since the 
1998/2001 code.  Accordingly, these function areas will use substantially more energy by 
following the 35% pathway than by following the 100% LPD pathway (with full controls) or the 
85% LPD pathway (with partial controls) currently allowed under the 2013 code.  Moreover, the 
35% power reduction path will be much easier to meet for these function areas than either of the 
other, more energy efficient, pathways.   

Office area LPD is 1.30 watts/sf under the 1998/2001 code and 0.81 watts/sf under the 2016 
code,5 which is a reduction of 37.7%.  In order avoid advanced controls under the 85% LPD 
pathway, an office lighting alteration would be required to limit LPD to no more than 0.69 
watts/sf (0.81x.85).  The 35% power reduction path, however, allows office lighting alterations 
to avoid advanced controls with an LPD of up to 0.845 watts/sf (1.3.00x0.65) – which exceeds 
both the 100% LPD maximum and the 85% LPD maximum.  In other words, office lighting 
alterations can avoid advanced lighting controls despite using 22.5% more energy than would be 
required to avoid advanced lighting controls under the 2013 code (0.69x122.5%=0.845).  Office 
areas make up 22.1% of all existing nonresidential building space covered under these 
provisions. 

Retail area LPD is 2.00 watts/sf under the 1998/2001 code and 1.20 watts/sf under the 2016 
code, which is a reduction of 40%.  In order avoid advanced controls under the 85% LPD 
pathway, a retail lighting alteration would be required to limit LPD to no more than 1.02 watts/sf 
(1.20x.85).  The 35% power reduction path, however, allows retail lighting alterations to avoid 
advanced controls with an LPD of up to 1.3 watts/sf (2.00x0.65) – which exceeds both the 100% 
LPD maximum and the 85% LPD maximum.  In other words, retail lighting alterations can avoid 
advanced lighting controls despite using 27.5% more energy than would be required to avoid 
advanced lighting controls under the 2013 code (1.02x127.5%=1.3).  Retail areas make up 15.7% 
of all existing nonresidential building space covered under these provisions. 

Hotel area LPD is 2.20 watts/sf under the 1998/2001 code and 1.40 watts/sf under the 2016 code, 
which is a reduction of 36.4%.  In order avoid advanced controls under the 85% LPD pathway, a 
hotel lighting alteration would be required to limit LPD to no more than 1.19 watts/sf (1.40x.85).  
                                            
5 See Exhibit D (document prepared by CEC staff).
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The 35% power reduction path, however, allows hotel lighting alterations to avoid advanced 
controls with an LPD of up to 1.43 watts/sf (2.20x0.65) – which exceeds both the 100% LPD 
maximum and the 85% LPD maximum.  In other words, hotel lighting alterations can avoid 
advanced lighting controls despite using 20% more energy than would be required to avoid 
advanced lighting controls under the 2013 code (1.19x120%=1.43). Hotel areas make up 5.5% of 
all existing nonresidential building space covered under these provisions. 

Accordingly, it is likely that almost all hotel, office and retail retrofits will use the cheaper and 
easier 35% lighting power reduction compliance path.  This pathway effectively increases the 
maximum LPD for these function areas while at the same time greatly reducing control 
requirements.6

On the other hand, commercial storage, theatre or gym function areas (whose LPD requirements 
have not been reduced at all since the 1998/2001 code) would have to reduce their LPD to 65% 
of the maximum LPD if they were to use the 35% lighting power reduction compliance path, yet 
could obtain essentially the same benefits by reducing their LPD to 85% of the maximum LPD.
Accordingly, it is unlikely that any of these occupancies would use the 35% lighting power 
reduction compliance path instead of the easier 85% LPD compliance path.   

Under a worst case scenario that assumes each retrofit seeking to avoid advanced controls will
use the least rigorous compliance path available, the only retrofits that would use the new 35% 
lighting power reduction compliance path would be those that would not be able to more easily 
meet the 85% LPD compliance path.  Under that scenario, every retrofit that uses the new 35% 
lighting power reduction compliance path would use more energy than it would have under the 
2013 code which requires either full controls or partial controls and 85% LPD. 

Even assuming that some retrofits will take the 35% pathway even though they could install 
systems with more LPD under the 85% pathway, some additional adjustment is necessary to 
account for the likelihood that functions areas such as office, retail and hotel are much more 
likely to use this pathway than function areas such as commercial storage.  For the purposes of 
our ultimate energy savings loss calculations, we have not included this adjustment in our final 
energy savings loss calculations.  However, a reasonable adjustment for this variable would be to 
use the 27% worst case scenario level.  As discussed above, this would reduce energy savings 
by 63 gigawatt hours per year or more.  (See Exhibit G.) 

Our analysis also does not account for potential enforcement issues related to the 35% lighting 
power reduction compliance path.  The 35 percent reduction is unlikely to be meaningfully 
verifiable or enforceable, because when a retrofit building permit is issued, the first site visit by 
an inspector is to inspect the rough installation, including any new wiring. At this stage of a 
construction project, the original lighting fixtures or components would already be gone so the 
baseline value of the existing luminaires could not be verified.  This could lead to inaccurate or 
fraudulent estimates of the lighting power reduction since property owners and lighting 

                                            
6 On a policy level, the Commission should consider why it would provide such a tremendous loosening of standards 
for hotel, retail and office function areas (which make up almost half of existing buildings), but not to other function 
areas.  This appears to be a massive gift to these specific business interests.
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contractors will have a strong economic incentive to claim that a 35 percent reduction has been 
achieved.  

C. Existing Buildings Utilizing Automatic Shutoff and Multi-Level Lighting 
Controls 

The Lighting Alteration Savings Analysis overestimates the fraction of existing lighting systems 
that already utilize automatic shutoff and multi-level lighting controls. The CEC workbook 
comments state “there is no way to know” how many existing systems utilize automatic shutoff 
controls and therefore the calculations assume 50% of existing systems already utilize the 
controls, and reduce the applicable market share accordingly for this measure. They then 
estimate that the same share of buildings utilize multi-level lighting controls. 

The 50% assumption is false. It substantially underestimates the savings attributed to the 2013 
automatic shutoff and multi-level controls requirements, and therefore underestimates the lost 
savings due associated with the proposed 2016 Standards.7

The California Appliance Saturation Survey issued by Itron on behalf of the CPUC in 2014, 
surveyed ~1400 commercial businesses on what types of lighting controls they had installed. 
This report essentially replaces the 2006 California Commercial End-Use Survey, a report often 
referenced in building energy consumption calculations. Only about 10-30% of large businesses, 
which made up less than 10% of the sample set, had some form of auto shutoff control or 
building energy management system typically capable of providing such control. All other 
businesses had 0% and 20%. Therefore 20% is a much more accurate (albeit still optimistic) 
estimate of existing businesses that utilize auto shut off controls. 

After updating this value from 50% to 20%, the proposed 2016 requirements results in an 
additional 50 GWh per year of lost savings. 

D. Regulated, Existing Building Stock 

The Lighting Alteration Savings Analysis underestimates the fraction of total commercial floor 
space applicable to the 2013 standards by improperly rounding down a reconciliation factor, 
which thereby underestimates the total lost savings due to elimination of 2013 controls measures. 
The CEC workbook utilizes a factor of 0.91 hardcoded in multiple cells, to reconcile the CBECS 
building data to staff building stock calculations. The actual factor needed to reconcile is 0.916. 
This rounding error results in about 0.5 GWh per year of lost savings. 

E. Project Category Market Share

The Lighting Alteration Savings Analysis utilizes different market share assumptions to calculate 
savings attributed to the 2016 proposed Standards and the current 2013 Standards. CEC 
                                            
7 This section describes savings lost due to errors in estimation of the fraction of existing building stock utilizing 
these controls. It details the relative difference between savings at different market shares, and it does not include 
savings noted in section Proposal to Eliminate Multi-level Lighting Controls Requirements for All Lighting 
Alteration and Lighting Component Modifications, which is the absolute savings lost from going from use of 
controls (2013 Standards) to no use of multi-level controls (2016 Standards) at an assumed market share of 50% of 
existing buildings.
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calculates assume the 2016 proposed standards will affect a 3% bigger market share than the 
2013 Standards, distributing this difference across multiple project and subproject categories 
using hardcoded derating factors. CEC does not provide justification to support how the 
proposed 2016 Standards will increase market share of regulated projects. In fact, the only clear 
effect on the market share due to the proposed 2016 Standards is that they will increase the 
number of exempt lighting component modifications due to the increase in project threshold (40 
to 70 luminaires) as previously discussed. 

After setting the market shares equal for both the proposed and existing standards, estimated 
savings of the 2016 Standards are reduced by an addition 20.5 GWh per year.

IV. ADDITIONAL CHANGES THAT MAY NEGATIVELY IMPACT ENERGY 
SAVINGS

A. New Exemption for Alterations that Change the Area of the Enclosed Space 
or Change the Occupancy Type or Increase the Lighting Power in the 
Enclosed Space.

Currently, alterations that the change the area of the enclosed space (generally tenant 
improvement work), or change the occupancy type or increase lighting power, must install all 
controls, including area, automatic shutoff, multi-level, daylighting and (where applicable) 
demand response controls.  The 2013 Code provides no exemptions to these requirements.

1. New 85% Power Allowance Reduction.

The 2016 Code proposal provides that alterations that change the area of the enclosed space or 
change the occupancy type or increase the lighting power in the enclosed space are exempt from 
the 2013 requirements to install multi-level controls, automatic daylight controls and demand 
response controls if the lighting power is less than or equal to 85% of the power allowance.  
Under the 2013 Code, the 85% power allowance pathway did not apply to these types of 
alterations.

2. New 10% Exemption. 

The 2016 Code exempts alterations that change the area of the enclosed space or change the 
occupancy type or increase the lighting power in the enclosed space from all Title 24 compliance 
requirements if the alterations involve less than 10% of existing luminaires.  Under 2013 Code, 
alterations of less than 10% of existing luminaires were still subject to control requirements if the 
alteration changed the area of the enclosed space, changed the occupancy type or increased the 
lighting power.  Now luminaire alterations may move walls and ceilings or increase lighting 
power and avoid all controls and LPD requirements as long as the alterations involve less than 
10% of the existing luminaires.

The lost energy savings from these measures should be calculated and disclosed before the 
Commission considers approving these changes.
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B. New Partial Exemption from Acceptance Test Requirements

In addition to creating exemptions from current lighting control requirements, the proposed 2016 
Code language also exempts indoor and outdoor lighting retrofits from current acceptance test 
requirements where controls are added to 20 or fewer luminaires.  This exemption will further 
reduce energy savings from what would be achieved through compliance with 2013 Code 
requirements.  

Acceptance testing, which has been required by Title 24 since 2005, is necessary to ensure that 
assumed paper energy savings translate to actual energy savings.  Studies have found that the gap 
between the expected energy efficiency savings of HVAC and lighting control installations and 
the energy savings actually realized when evaluated has been as much as 51% and 63%.8

This gap is particularly prevalent with the installation of advanced lighting controls. An 
evaluation of Title 24 acceptance testing effectiveness found that automatic daylighting controls 
failed in 7 out of 7 tests, and occupancy sensors failed in 2 out of 3 tests.  All of the failures were 
due to design, installation, and/or calibration issues that would not have been identified without 
acceptance testing.9

As these studies show, without acceptance testing, the actual energy savings achieved by the 
installation of lighting controls may be less than half of what would be achieved with acceptance 
testing.  While these studies are limited in size, they represent the best available evidence on the 
impact of acceptance testing. The lost energy savings from this proposed exemption should be 
calculated and disclosed before the Commission considers approving this code change. 

V. LOST SAVINGS WILL COMPOUND EVERY YEAR

Under our revised calculations (which still don’t take into account all likely losses from the 
proposed amendments), we estimate that the proposed 2016 amendments to the lighting retrofit 
requirements will result in lost energy savings of somewhere between 168 and 209 gigawatt 
hours each year. (See Exhibits E-G.) The total lost energy savings, however, will compound each 
year. Since nonresidential lighting systems typically have a useful lifespan of approximately 10 
to 15 years, this means that retrofits installed each year under the 2016 code may use 2,090 to 
3,135 more gigawatt hours of energy over their lifespan than if installed under the 2013 code.  
Assuming that the 2016 code is effective for three years, this means that retrofits installed under 

                                            
8 See Energy Division, California Public Utilities Commission, Energy Efficiency Evaluation Report for the 2009 
Bridge Funding Period (January 2011). 
http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/EM+and+V/2009_Energy_Efficiency_Evaluation_Report.
htm; Lutz, Al and Vishy Tirumalashett, ACEEE Summer Study Proceedings, Measure by Measure: the Real 
Reasons for Gaps in Claimed and Evaluated Savings (2012), 
http://aceee.org/files/proceedings/2012/data/papers/0193-000134.pdf#page=1. 
9 Tyler, Matthew, John Farley and Eliot Crowe.  Evaluation of Title 24 Acceptance Testing Enforcement and 
Effectiveness. PECI, September 2011. 
http://www.cacx.org/PIER/documents/T24_Acceptance_Testing_Final_Report.pdf. 
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the 2016 code will use, in total, approximately 6,270 to 9,405 more gigawatt hours of energy 
over their lifespan than retrofits installed under the 2013 code.

VI. CONCLUSION

The Lighting Alteration Savings Analysis relied upon to support the proposed lighting retrofit 
amendments fail to accurately disclose the potential for these amendments to result in substantial 
lost energy savings.  These lost savings will be particularly acute in retail, office and hotel 
occupancies, which make up close to half of the retrofit market.
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EXHIBIT A 
 
Comparison of 2013 and Proposed 2016 Lighting System Alteration 
Requirements: Proposed § 141.0, subdivision (b)2.I 
 
 
2013 Lighting System Alteration Requirements: 
 
I. Lighting System Alterations that Change the Area of Enclosed Space, Change the 

Occupancy Type, or Increase Lighting Power. 
 
Lighting System Alterations (of any size) that change the area of the enclosed space, change the 
occupancy type, or increase the lighting power must comply with the following requirements 
(See 2013 Code, Table 141.0-E.):  
 
 (1)  Install §130.1(a) Area Controls;  
  
 (2)  Install §130.1(b) Multi-Level Controls;  
 
 (3)  Install §130.1(c) Shut-Off Controls;  
 
 (4)  Install §130.1(d) Automatic Daylight Controls;  
 
 (5)  Install §130.1(e) Demand Response Controls (limited to alterations of buildings 

greater than 10,000 sq. feet and to spaces with a lighting power density of 0.5 
watts per square feet or greater);  

 
 (6)  Comply with the requirements of §130.0(d) (which requires controls to comply 

with §110.9 standards); and  
 
 (7)  Comply with the lighting power allowance requirements of §140.6.  
 
II. Other Lighting System Alterations that Alter More than 10% of Existing 

Luminaires. 
 
Lighting System Alterations that do not change the area of the enclosed space or the occupancy 
type or increase the lighting power, but that alter more than 10% of the existing luminaires have 
to comply with one of the following: 
 

A.  If lighting power is between 85% and 100% of the lighting power allowance, the 
alterations must comply with the lighting power allowance requirements of §140.6 and 
install the following controls: (1) §130.1(a) Area Controls; (2) §130.1(b) Multi-Level 
Controls; (3) §130.1(c) Shut-Off  Controls; and (d) §130.1(d) Automatic Daylight 
Controls.  (See 2013 Code, Table 141.0-E.) 
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B. If lighting power is less than or equal to 85% of the lighting power allowance, the 
alterations must comply with the lighting power allowance requirements of §140.6 and 
install the following controls: (1) §130.1(a) Area Controls; (2) §130.1(c) Shut-Off  
Controls; and “Two Level Lighting Controls.”  (See 2013 Code, Table 141.0-E.) 

 
III. Acceptance Test Requirements. 
 
Lighting system alterations that include controls must comply with lighting control acceptance 
testing requirements. (See 2013 Code, §130.4.) 
 
 
2016 Proposed Changes to 2013 Lighting System Alteration Requirements: 
 
I. New Alternative 35% Power Reduction Compliance Pathway for Alterations. 
 
The 2016 Code Proposal creates a new alternative compliance pathway that exempts applicable 
lighting alterations from otherwise applicable control and power allowance requirements.  The 
new pathway applies to any lighting system alterations where (1) existing luminaires are 
replaced with new luminaires; (2) the work does not include adding, removing or replacing walls 
or ceilings along with redesign of the lighting system; and (3) the replacement luminaires 
collectively have at least 35% lower rated power than the existing luminaires being replaced.  
 
Alterations taking the new 35% power reduction pathway are required to install area and 
automatic shutoff controls, but are exempt from multi-level and daylighting Control 
requirements and are not required to meet any lighting power allowance requirements. 
 
II. New Exemption for Alterations that Change the Area of the Enclosed Space or 

Change the Occupancy Type or Increase the Lighting Power in the Enclosed Space. 
 
Currently, alterations that the change the area of the enclosed space (generally tenant 
improvement work), or change the occupancy type or increase lighting power, must install all 
controls, including area, automatic shutoff, multi-level, daylighting and (where applicable) 
demand response controls.  The 2013 provides no exemptions to these requirements. 
 

A. New 85% Power Allowance Reduction.  The 2016 Code proposal provides that 
alterations that change the area of the enclosed space or change the occupancy 
type or increase the lighting power in the enclosed space are exempt from the 
2013 requirements to install multi-level controls, automatic daylight controls and 
demand response controls if the lighting power is less than or equal to 85% of the 
power allowance.  Under the 2013 Code, the 85% power allowance pathway did 
not apply to these types of alterations. 

 
B. New 10% Exemption.  The 2016 Code exempts alterations that change the area 

of the enclosed space or change the occupancy type or increase the lighting power 
in the enclosed space from all Title 24 compliance requirements if the alterations 
involve less than 10% of existing luminaires.  Under 2013 Code, alterations of 
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less than 10% of existing luminaires were still subject to control requirements if 
the alteration changed the area of the enclosed space, changed the occupancy type 
or increased the lighting power.  Now luminaire alterations may move walls and 
ceilings or increase lighting power and avoid all controls as long as the alterations 
involve less than 10% of the existing luminaires. 

 
III. Deletion of Section 130.1(a)(4) Area Control Requirements. 
 
The 2013 Code requires that alterations subject to area control requirements shall comply with 
all requirements of Section 130.1(a).  The 2016 Code exempts all alterations from compliance 
with Section 130.1(a)(4), which requires that, in addition to the requirements in Section 
130.1(a)1, 2, and 3: (A) General lighting shall be separately controlled from all other lighting 
systems in an area; (B) Floor and wall display, window display, case display, ornamental, and 
special effects lighting shall each be separately controlled on circuits that are 20 amps or less; 
and (C) When track lighting is used, general, display, ornamental, and special effects lighting 
shall each be separately controlled.   
 
IV. Acceptance Test Exemption.  Exempts lighting system alterations from existing 

acceptance test requirements where lighting controls are added to control 20 or fewer 
luminaires.  
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EXHIBIT B 
 
Comparison of 2013 and Proposed 2016 Luminaire Modification Exemptions: 
Proposed § 141.0, subdivision (b)2.J and Proposed Deletion of Existing Table 
141.0-F 
 
 
2013 Lighting Component Modification Requirements: 
 
I. Forty (40) Luminaire Threshold for Title 24 Compliance. Lighting component 

modifications are not subject to Title 24 requirements if they total less than 40 luminaire 
modifications-in-place per building space per year. 

 
II. Modification Control Requirements.  Modifications of 40 or more luminaire 

modifications-in-place must comply with the lighting power allowance requirements of 
§140.6 and follow one of the following two control requirement paths: 

 
A.  If lighting power is between 85% and 100% of the lighting power allowance, the 

modifications must install the following controls: (1) §130.1(a) Area Controls; (2) 
§130.1(b) Multi-Level Controls; (3) §130.1(c) Shut-Off  Controls; (4) §130.1(d) 
Automatic Daylight Controls.  In addition, the controls must comply with the 
requirements of §130.0(d) (which requires controls to comply with §110.9 
standards).   (See Table 141.0-E.) 

 
B. If lighting power is less than or equal to 85% of the lighting power allowance, the 

modifications must install the following controls: (1) §130.1(a) Area Controls; (2) 
§130.1(c) Shut-Off  Controls; and (3) “Two Level Lighting Controls” (or multi-
level controls). (See Table 141.0-E.) 

 
III. Acceptance Testing Requirement.  Acceptance testing is required for all lighting 

controls installed as part of the modification requirements. (See 2013 Code, §130.4.) 
 
 
2016 Proposed Changes to 2013 Luminaire Modification Requirements: 
 
I. Title 24 Compliance Threshold Increased from 40 to 70 Luminaires. Under the 2016 

proposal, the threshold for applying Title 24 to lighting modifications is raised from 40 to 
70 luminaire modifications-in-place and eliminates the per year requirement, meaning 
that a building owner could modify 69 luminaires every month without triggering any 
energy efficiency requirements.   

 
II. Elimination of Daylight and Multi-level Control Requirements for All 

Modifications. The 2016 Code only requires luminaire modifications to install Area 
Controls and Shut-Off Controls.  (These controls are required for modification under the 
current 2013 Code if lighting power is greater than 85% of the lighting power allowance.  
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For modifications with lighting power 85% or less than the lighting power allowance, this 
eliminates the current requirement to install two level lighting controls.) 

 
III. Modifications Allowed to Exceed Lighting Power Allowance.  Under the 2016 

proposal, modifications may exceed the lighting power allowance in Section 140.6 as 
long as the modified luminaires collectively have at least 35% lower rated power 
compared to the original luminaires prior to modification.  In contrast, the 2013 Code 
requires modification to meet the lighting power allowance even if compliance requires 
more than a 35% reduction in rated power from the existing lighting.  The 2016 Code 
caps the required reduction at 35% even if the lighting power allowances are not met.  

 
IV. Elimination of Certain Area Control and Automatic Shut-Off Control 

Requirements for All Modifications. 
 

A. Deleted Area Control Requirements. The 2013 Code requires that luminaire 
modifications subject to area control requirements shall comply with all 
requirements of Section 130.1(a).  The 2016 Code exempts all modifications from 
compliance with Section 130.1(a)(4), which requires that: (A) General lighting 
shall be separately controlled from all other lighting systems in an area; (B) Floor 
and wall display, window display, case display, ornamental, and special effects 
lighting shall each be separately controlled on circuits that are 20 amps or less; 
and (C) When track lighting is used, general, display, ornamental, and special 
effects lighting shall each be separately controlled.   

 
B. Deleted Automatic Shut-Off Control Requirements. The 2013 Code requires 

that luminaire modifications subject to automatic shut-off control requirements 
shall comply with all requirements of Section 130.1(c). The 2016 Code exempts 
all modifications from compliance with numerous provisions of Section 130.1(c), 
including 130.1, subdivisions (c)(1)(d) [separate controls form general, display, 
ornamental, and display case lighting], (c)(6)(B) [Library book stack aisle 
occupancy sensors], (c)(6)(C) [corridor and stairwell occupancy sensors], 
(c)(7)(A) [hotel motel corridor and stairwell occupancy sensors], and (c)(8) 
[hotel/motel guest room occupancy sensors].   

 
V. Acceptance Test Exemption.  Exempts luminaire modifications from existing 

acceptance test requirements where lighting controls are added to control 20 or fewer 
luminaires.   
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EXHIBIT C 
 
Comparison of 2013 and Proposed 2016 Lighting Wiring Alteration Exemptions: 
Proposed § 141.0, subdivision (b)2.K 
 
The 2016 Code lighting retrofit 15 day language proposal exempts lighting wiring alterations from 
existing control requirements, demand response requirements and acceptance test requirements.  
 
 
2013 Lighting Wiring Alteration Requirements: 
 
Lighting Wiring Alterations (1) that add a circuit feeding luminaires, (2) that replace, modify, or 
relocate wiring between a switch or panelboard and luminaires, or (3) that install or replace lighting 
control panels, panelboards, or branch circuit wiring must comply with all of the applicable 
requirements of Section 110.9, 130.1, and 130.4.  Section 130.1 requires installation of the following 
controls: (1) §130.1(a) Area Controls; (2) §130.1(b) Multi-Level Controls; (3) §130.1(c) Shut-Off 
Controls; (3) §130.1(d) Automatic Daylight Controls; (4) §130.1(e) Demand Response Controls 
(limited to alterations of buildings greater than 10,000 sq. feet and to spaces with a lighting power 
density of 0.5 watts per square feet or greater.)  Section 110.9 contains additional multi-level and 
daylighting control requirements.  Section 130.4 requires acceptance testing of lighting controls.  
(§141.0, subd. (b)2.k.) 
 
 
2016 Proposed Changes to Lighting Wiring Alteration Requirements: 
 
I. Eliminates Demand Response Control Requirements.  The 2016 Code Proposal deletes the 

existing requirement for lighting wiring alterations to install demand response controls.  
 
II. Replaces Multi-Level Controls Requirement with a Pre-Wiring Requirement. The 2016 

Code Proposal deletes the existing requirement for lighting wiring alterations to install multi-
level controls and replaces it with a requirement to pre-wire for two-level controls.  

 
III. Creates New Exemption From Daylight Control Requirements.  The 2016 Code Proposal 

exempts lighting wiring alterations from existing daylight control requirements where less than 
20 luminaires are located within the primary sidelit daylit zone and the skylit daylit zone.   

 
IV. Eliminates Certain Area Control and Automatic Shut-Off Control Requirements for All 

Lighting Wiring Alterations. 
 

A. Deleted Area Control Requirements. The 2013 Code requires that lighting wiring 
alterations shall comply with all the area control requirements of Section 130.1(a).  The 
2016 Code exempts all lighting wiring alterations from compliance with Section 
130.1(a)(4), which requires that, in addition to the requirements in Section 130.1(a)1, 2, 
and 3: (A) General lighting shall be separately controlled from all other lighting systems 
in an area; (B) Floor and wall display, window display, case display, ornamental, and 
special effects lighting shall each be separately controlled on circuits that are 20 amps 
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or less; and (C) When track lighting is used, general, display, ornamental, and special 
effects lighting shall each be separately controlled.   

 
B. Deleted Automatic Shut-Off Control Requirements. The 2013 Code requires that 

lighting wiring alterations shall comply with all the automatic shut-off control 
requirements of Section 130.1(c). The 2016 Code exempts all modifications from 
compliance with numerous provisions of Section 130.1(c), including 130.1, 
subdivisions (c)(1)(d) [separate controls form general, display, ornamental, and display 
case lighting], (c)(2) [prohibition on countdown timer switches], (c)(5) [areas where 
occupant sensors must shut off all lighting], (c)(6) [additional occupancy sensor 
requirements for warehouses, libraries, corridors and stairwells]; (c)(7) [parking garages 
and hotel/motel stairwells and corridors], and (c)(8) hotel/motel guest room occupancy 
sensors].  

 
V. Acceptance Test Exemption.  Exempts lighting wiring alterations from existing acceptance 

test requirements where lighting controls are added to control 20 or fewer luminaires.  
 
 



Vintage Lighting Savings

Area Category Method Lighting Power Density (Watts/sf)

Standards Vintage

Percentage of
total square
footage

Function Areas:
1998 and
2001 2005 2008 2013 2016

Auditorium 2.00 1.50 1.50 1.50 1.40 1.5%
Classroom, Lecture 1.60 1.20 1.20 1.20 1.20 8.8%
Commercial Storage 0.60 0.60 0.60 0.60 0.60 13.8%
Corridors, Restrooms, Support 0.60 0.60 0.60 0.60 0.60 2.0%
Convention, Conference 1.50 1.40 1.40 1.40 1.20 1.5%
Dining 1.10 1.10 1.10 1.10 1.00 7.3%
Exercise, Gym 1.00 1.00 1.00 1.00 1.00 1.5%
Exhibit, Museum 2.00 2.00 2.00 2.00 1.80 1.5%
General Commercial High Bay 1.20 1.10 1.00 1.00 1.00 1.5%
General Commercial Low Bay 1.00 1.00 0.90 0.90 0.90 1.5%
General Commercial, Precision 1.50 1.30 1.20 1.20 1.20 1.5%
Grocery 1.60 1.60 1.60 1.20 1.20 1.5%
Hotel 2.20 1.50 1.50 1.50 1.40 5.5%
Library Reading Areas 1.20 1.20 1.20 1.20 1.10 1.5%
Library Stacks 1.50 1.50 1.50 1.50 1.50 1.5%
Lounge 1.10 1.10 1.10 1.10 0.90 1.5%
Malls 1.20 1.20 1.20 1.20 0.95 1.5%
Medical and Clinic 1.40 1.20 1.20 1.20 1.20 3.8%
Office 1.30 1.20 0.95 0.81 0.81 22.1%
Religious Worship 2.10 1.50 1.50 1.50 1.50 1.5%
Retail 2.00 1.70 1.60 1.20 1.20 15.7%
Theater Area 0.90 0.90 0.90 0.90 0.90 1.5%

Average LPDs 1.39 1.25 1.22 1.17 1.12
Average 2016 Savings Over
Vintage for LPDs 19.7% 10.4% 8.2% 4.8%

Note 1: The 1998 and 2001 Standards LPDs are very similar

Note 2: Average life of retrofitted lighting system is 10 to 15 years
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Vintage Lighting Savings

Area Category Method Weighted LPD (Watts/sf)

Percentage of
total square
footage Standards Vintage

Function Areas:
1998 and
2001 2005 2008 2013 2016

1.5% Auditorium 0.030 0.023 0.023 0.023 0.021
8.8% Classroom, Lecture 0.141 0.106 0.106 0.106 0.106

13.8% Commercial Storage 0.083 0.083 0.083 0.083 0.083
2.0% Corridors, Restrooms, Support 0.012 0.012 0.012 0.012 0.012
1.5% Convention, Conference 0.023 0.021 0.021 0.021 0.018
7.3% Dining 0.080 0.080 0.080 0.080 0.073
1.5% Exercise, Gym 0.015 0.015 0.015 0.015 0.015
1.5% Exhibit, Museum 0.030 0.030 0.030 0.030 0.027
1.5% General Commercial High Bay 0.018 0.017 0.015 0.015 0.015
1.5% General Commercial Low Bay 0.015 0.015 0.014 0.014 0.014
1.5% General Commercial, Precision 0.023 0.020 0.018 0.018 0.018
1.5% Grocery 0.024 0.024 0.024 0.018 0.018
5.5% Hotel 0.122 0.083 0.083 0.083 0.077
1.5% Library Reading Areas 0.018 0.018 0.018 0.018 0.017
1.5% Library Stacks 0.023 0.023 0.023 0.023 0.023
1.5% Lounge 0.017 0.017 0.017 0.017 0.014
1.5% Malls 0.018 0.018 0.018 0.018 0.014
3.8% Medical and Clinic 0.053 0.045 0.045 0.045 0.045

22.1% Office 0.287 0.265 0.210 0.179 0.179
1.5% Religious Worship 0.032 0.023 0.023 0.023 0.023

15.7% Retail 0.314 0.267 0.251 0.188 0.188
1.5% Theater Area 0.014 0.014 0.014 0.014 0.014

Weighted Average LPD for each
Vintage 1.39 1.21 1.14 1.04 1.01
Average 2016 LPD Savings Over
Vintage LPDs 27% 17% 11% 3% 0%
85% of 2016 LPDs 0.86 0.86 0.86 0.86 0.86
70% of Vintage LPDs (30%
reduction) 0.97 0.85 0.80 0.73
65% of Vintage LPDs (35%
reduction) 0.90 0.79 0.74 0.68
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ABSTRACT 
 
Researchers have been quantifying energy savings from lighting controls in commercial buildings for 
more than 30 years. This study provides a meta-analysis of estimates of energy savings identified in the 
literature—240 savings estimates from 88 papers and case studies, categorized into daylighting 
strategies, occupancy strategies, personal tuning, and institutional tuning. Beginning with an overall 
average of savings estimates by control strategy, this paper adds successive analytical filters to identify 
potential biases introduced to the estimates by different analytical approaches. Based on the meta-
analysis, the best estimates of average energy savings potential are 24% for occupancy, 28% for 
daylighting, 31% for personal tuning, 36% for institutional tuning, and 38% for multiple approaches. The 
results suggest that simulations significantly overestimate (by at least 10%) the average savings 
obtainable from daylighting in actual buildings. 
 
Key Words: Daylighting, occupancy sensors, controls, tuning 
 
1. INTRODUCTION 
 
Lighting systems have the largest potential of any known appliance to reduce United States energy use 
(Desroches and Garbesi 2011). Lighting represents approximately one-third of electricity use in 
commercial buildings and more than one-half in lodging and retail (U.S. Department of Energy). As a 
result, there is significant interest in reducing lighting energy use through more efficient lighting 
systems, including controls. The National Electrical Manufacturers Association (NEMA) has argued that 
controls have greater potential for energy savings in major applications than an increase in source 
efficacies (U.S. Department of Energy 2011b). However, lighting controls are not incorporated in federal 
energy conservation standards and are only partially incorporated through state and local building 
codes.1 While energy savings from some system components, such as replacing T12s with T8s, can be 
fairly easily quantified and guaranteed, savings from controls that turn lights off or down when not 
needed depend on numerous factors including application, site orientation and occupation, building 
design, interior reflectances, occupant behavior, and tuning and configuration during installation and 
commissioning, making savings less easy to predict. With current estimates of the installed capacity of 
lighting controls systems very low—only 2% of lit commercial buildings in the United States have 
daylighting sensors and only 1% have an energy management and control systems for lighting, according 
to the U.S. Department of Energy 2003 Commercial Buildings Energy Consumption Survey (CBECS)—the 
potential for technical potential for energy savings appears large. 
 
Researchers have been quantifying energy savings from lighting controls in commercial buildings for 
more than 30 years, but no comprehensive research review of the studies on controls has been done 
before. This makes it hard to understand the big picture of the opportunities of controls because the 
individual studies have been very diverse in their goals, methods, coverage, and results. Some studies, 
such as those regarding U.S. Environmental Protection Agency programs, present data from monitoring 
of actual installations in numerous buildings all in one paper (e.g. VonNeida et al 2000). Other studies, 
such as those by the National Research Council Canada and Florida Solar Energy Center, present results 
from lab tests or experiments with just one or two control spaces and experimental spaces (e.g. Parker 

                                                            
1 ASHRAE 90.1, the national model building code, is updated every three years and includes several controls 
requirements in ASHRAE 90.1-2010 including automatic shutoff controls and photocells in certain space types. 
However, states have until 2013 just to update their codes to meet ASHRAE 90.1-2007, and some states still meet 
only ASHRAE 90.1-2001 (U.S. Department of Energy 2011a). 
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et al 1996). Some studies separate the effects of controls from the effects of other lighting efficiency 
measures, while others do not. Some studies are designed to identify the influence of other factors, such 
as window glazing or orientation, on energy savings obtained from controls. Some studies focus on 
specific space types, while others report savings by buildings or across buildings without noting or 
reporting on savings by space types within buildings. 
 
A few papers have provided limited overviews of lighting controls studies. Three of these reviews 
focused solely on occupancy sensors; the number of reports or individual energy savings estimates 
referenced by these papers range from seven to 35. VonNeida et al (2000) presented industry estimates 
of lighting energy savings for occupancy sensors by building space type, which ranged from 5% to 90%. 
The authors then presented results from their own study on 60 buildings with lighting savings ranging 
from 17% to 60%. The Lighting Research Center (2003) compiled 26 case studies and claims by 
manufacturers to recommend energy saving estimates for occupancy sensors for the U.S. Department of 
Energy. The recommendations based on the data were 25% to 40% depending on the use of space. Guo 
et al (2010) reviewed the performance of occupancy-based control systems from seven previous studies, 
with energy savings ranging from 3% to 86%.  
 
The two reviews of savings from systems other than occupancy sensors provide only one to six savings 
estimates per control type. Southern California Edison (2008) produced a report on the “Office of the 
Future,” which referenced several studies that provided energy savings for daylighting, occupancy 
sensors, and personal controls in open offices; vacancy sensors in private offices; and occupancy sensors 
in corridors. The overall range of savings was 6% to 80%. The Advanced Lighting Guidelines On-Line 
Edition (New Buildings Institute 2011) presents a table of lighting energy savings by space type (private 
office, open office, and classroom) and controls type (multilevel switching, manual dimming, daylight 
harvesting, and occupancy sensors); the range of lighting energy savings is 6% to 70% across 11 
categories of space types and controls types. 
 
These previous studies reported a very broad range of results for particular contexts using a subset of 
data existing in the literature. This paper describes a comprehensive literature review and analysis of 
energy savings from all types of lighting controls studied in commercial buildings. The purpose of this 
meta-analysis is to derive average energy savings per control type based to the extent possible on all 
available data. While these studies do not generally use common parameters, we utilize a range of 
analytical filters to estimate the savings by control type and building type and to isolate the effect of 
controls from those of other lighting system modifications.  
 
2. METHODOLOGY 
 
2.1 LITERATURE SEARCH 
 
Our investigation of lighting controls savings potential began with a literature search of consultant 
reports, research papers, professional organization publications, industry literature, conference 
proceedings, and report databases. The team also consulted with California utilities, lighting 
manufacturers, controls manufacturers, the California Energy Commission, and the lighting controls 
division of the National Electrical Manufacturers Association (NEMA). We used the reference lists in the 
reports identified in this phase to find additional sources. If a paper presented only secondary data on 
energy savings from controls, as with some of the work cited in the introduction, we did not include it in 
our analysis. Instead, we expanded our search to identify the primary data sources and included them 
where available and appropriate. 
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To be included in the analysis, a paper needed to provide energy savings in percentage terms from 
lighting controls studies or present baseline and test case energy use from which we could calculate 
percentage savings.  In total, we identified 88 papers that met these criteria. Of these, 40 were research 
papers published in a peer-reviewed journal or presented at a conference in which papers are reviewed, 
and 48 were self-published reports or case studies. While not all of those papers classified as reviewed 
were technically peer-reviewed, we refer to them as such throughout this paper for simplicity. 
 
Reviewed publications included conference proceedings of the American Council for an Energy-Efficient 
Economy (ACEEE) (8), conference proceedings and journal articles of the Illuminating Engineering 
Society of North America (IESNA) (6), and journal articles from Energy and Buildings (5), Lighting 
Research and Technology (4), Leukos (3), and Solar Energy (3). We also included several consultant 
reports. The most represented non-industry authors came from the Lighting Research Center (11), the 
National Research Council Canada (9), Lawrence Berkeley National Laboratory (LBNL) (9), the California 
Lighting Technology Center (CLTC) (6), the Florida Solar Energy Center (5), and the Heschong Mahone 
Group (3). The most represented industry case studies included those of WattStopper (11), Sensor 
Switch (2), and Lutron (2). 
 
2.2 DATA ORGANIZATION 

We compiled data from the 88 papers into a searchable database in an Excel spreadsheet format. Each 
row of the spreadsheet represented a unique estimation of energy savings from controls. Every paper 
was represented by at least one row, but multiple rows were used if the paper presented energy savings 
for more than one control configuration or space type. A single row often combined multiple data points 
from the source study to yield a representative average savings. For example, in some cases we entered 
a minimum and maximum savings from the source and calculated the average savings. In other cases, 
we averaged over other variables such as window orientation, blind use, glazing, or time delay of 
occupancy sensors. A single control configuration might comprise multiple rows, if the paper included 
savings based on significantly different baselines (i.e. lights full on all day versus occupancy profile). 
However if a paper presented two different savings numbers, one for core hours and one for 24 hours, 
we retained only the core hour value in order to avoid double counting savings from essentially the 
same scenario, while retaining arguably the most useful savings number. Ultimately this process yielded 
240 rows of unique controls-related energy savings estimates from the 88 papers and a database that 
includes more than 40 independent columns. 
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We based the primary data organization on the four major controls strategies defined in Table 1. 
 
TABLE 1. Major lighting controls strategies  
Strategy Definition Relevant Technologies 

Occupancy Adjusting light levels according to the presence of 
occupants 

occupancy sensors, time clocks, 
energy management system 

Daylighting Adjusting light levels automatically in response to 
the presence of natural light 

photosensors, time clocks1 

Personal tuning Adjusting individual light levels by occupants 
according to their personal preferences; applies, for 
example, to private offices, workstation-specific 
lighting in open-plan offices, and  classrooms 

dimmers, wireless on-off switches, bi-
level switches, computer-based 
controls, pre-set scene selection 

Institutional tuning (1) Adjustment of light levels through 
commissioning and technology to meet location-
specific needs or building policies; or (2) provision 
of switches or controls for areas or groups of 
occupants; examples of the former include high-end 
trim dimming (also known as ballast tuning or 
reduction of ballast factor), task tuning, and lumen 
maintenance 

dimmable ballasts, on-off or dimmer 
switches for non-personal lighting 

1 Note: Time clocks are often used for daylighting control in exterior applications, and while they in theory could be 
used in interior spaces, they rarely are. None of the 88 studies reviewed included interior time clocks for daylighting 
control. 
 
 
If a study tested multiple control strategies in combination, where possible, we presented data for each 
individual control strategy on separate rows. Depending on the study, this data might represent a 
fraction of the total savings, with all savings strategies totaling to the savings from the combination 
actually installed, or might represent the savings there would have been if the strategy had been 
implemented alone. We did not attempt to standardize this data. Some papers did not provide this level 
of data, so savings are presented for control strategies in combination on a single row. For a few studies 
that reported savings for controls both independently and in combination, we included the combination 
data on its own row in addition to the separate rows for each individual strategy. As we never calculate 
savings across control strategies, this does not result in double counting. 
 
We included multiple additional fields to characterize the details of the control strategies. The most 
important fields include whether the control system used a clock or a sensor; whether the control was 
dimming, on-off, or both; and whether the control was automatic or manual. Any variation on these 
control strategies was determined to be a different control configuration and its results were presented 
on a different row. We also included a field for time delay for off response; some studies varied this, and 
results are averaged from the minimum and maximum time delay tested and presented in a single row.  
 
We also tracked building type, space type, and luminaire and lamp technology. As previously mentioned, 
we had savings fields available for minimum and maximum as well as average. We also recorded the 
energy savings determination method for both the baseline and the test case—monitoring, calculation, 
simulation, and so on—as well as a text description with more details. We also included a detailed 
description of the baseline.  
 
We recorded additional details regarding the savings, including whether they were for lighting controls 
only (as opposed to including savings from luminaire or lamp retrofits), whether the savings were only of 
lighting energy use or total building energy use, and whether the savings were given in energy or 
another unit deemed equivalent to energy (such as power for a test case in which hours of use did not 
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change). Report authors were not always clear about these important distinctions, but we used our best 
judgment to ascertain what each study represented. We also noted whether the data were from an 
actual installation (lab or field) or were estimated from a simulation or calculation. 
 
For all studies we made our best effort to fill in all applicable variables. All reported variables were 
entered, and we made educated guesses based on other provided information for some variables not 
explicitly shown in a study. If we did not think we had enough information to determine a variable for a 
study with good confidence, we left that field blank. These database fields enabled us to identify unique 
control strategies and filter the data for desired characteristics. 
 
2.3 COVERAGE  
 
By control type 
 
While we attempted to identify studies representing all available control types, the majority of the 
literature provided savings for daylighting and occupancy strategies.  Figure 1 shows the percentages of 
the 240 rows of data that each control type represents. The smaller pie shows the most common groups 
of multiple strategies. 
 

 
Fig. 1. Data by control type (n=240). 

 
By building type 
 
To obtain as complete sectoral coverage as possible, we made specific attempts to find studies in under-
represented building types. Table 2 shows the coverage by building type with the building types ordered 
by their percentage of commercial lighting energy use, according to the 2003 Commercial Buildings 
Energy Consumption Survey (CBECS) (US Department of Energy). Most of the studies cover office and 
education building types; we do have some coverage in most categories with a high percentage of 
lighting use. For some studies, the building type was difficult to classify based on the information 
provided, so we made our best guess. Some of the missing coverage is expected; for example, 
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occupancy is generally the only control strategy used in the lodging sector. While data are missing for 
five of the 14 categories, these constitute less than 20% of total lighting energy use in the commercial 
sector. On the other hand, a significant number of data points are available only for the top four 
categories, which together constitute an estimated 58% of commercial building energy use.  
 
TABLE 2. Coverage by building type: number of rows for each control type (alone or in combination). (Percent 
commercial lighting energy use from CBECS 2003.)  

Building Type  
(Reported by itself or 
in combination with 
other building types)  

Percent 
Commercial 

Lighting Energy 
Usage (CBECS 

2003) 

Occupancy Daylighting Personal 
Tuning 

Institutional 
Tuning 

Office 25% 76 70 18 31 

Warehouse 12% 10 4 1 - 

Lodging 11% 7 - - - 

Education 10% 22 33 13 - 

Retail (other than 
Mall) 

10% 2 4 2 3 

Healthcare Inpatient 7% 2 2 1 1 

Service 6% - - - - 

Food Service 4% - - - - 

Food Sales 4% - - - - 

Public Assembly 2% 2 1 - - 

Healthcare Outpatient 2% 5 - - - 

Public Order and 
Safety 

2% - - - - 

Religious 1% - - - - 

Other 5% 8 3 - - 

 
2.4 DATA ANALYSIS OVERVIEW 
 
As a starting point, we calculated overall average energy savings by control type for all studies in the 
spreadsheet, irrespective of exactly what the savings represented.  As mentioned previously, each row 
in our spreadsheet included an average savings either directly from the paper, calculated from a 
minimum and maximum provided in the paper, or calculated based on a range of other variables 
reported on, such as window orientation and occupancy sensor delay time. As such, we calculated the 
overall average savings for the meta-analysis as a simple average of the average savings in each row.  
 
We then applied a series of progressive filters to the data, each building on the former, in order to 
screen out data points with significantly different characteristics. For the first filter, we screened out 
savings data that included not only savings from controls but also from lamp or luminaire retrofits. This 
filter left us with data points that represented savings from lighting controls only. 
 
For the next filter, we examined what the savings represented, as we wanted to include studies that 
represented lighting energy savings only. We removed data points that represented savings as a fraction 
of total building energy or included heating, ventilation, and air conditioning (HVAC) savings as opposed 
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to lighting savings only. We also removed data points that represented a non-comparable savings type, 
such as wasted light hours and energy costs. In some cases we determined that the presented units 
were equivalent to energy; for example if occupancy sensors saved X% of lighting hours and there was 
no apparent change to power, the savings were considered equivalent to energy savings. 
 
Finally, we examined the remaining studies for significant differences between savings from actual 
installations and from simulations. We filtered out any savings points that were not from actual 
installations—either lab or field. This last filter had the effect of removing outliers and likely provides 
more realistic savings. We also compared savings from each of the progressive scenarios—lighting 
controls only, lighting energy savings only, and actual installations only. 
 
3. ANALYTICAL FILTERS AND RESULTS 
 
3.1 OVERALL 
 
As mentioned previously, we began by calculating an unfiltered, unadjusted average savings by control 
type for all data in our matrix. Figure 2 shows the average savings by control strategy as well as the 
standard deviation and minimum and maximum values.  For individual control types, average savings 
range from 30% for occupancy to 41% for daylighting. Note that the institutional and personal tuning 
sample sizes are small. Throughout this paper, the savings figures for each filter will be shown with the 
control strategies in the same order to demonstrate changes between filters, while an overall 
comparison will be shown at the end of the paper. 
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Fig. 2. Average savings (%) by control type – unfiltered; error bar shown represents one standard deviation. 

 
The savings shown in Fig. 2 represent a wide range and include cases where the savings are negative. 
Throughout this analysis, we checked for outliers in the dataset in an effort to identify data that would 
not represent realistic potential energy savings and to narrow the range as appropriate. In the overall 
data, there appear to be outliers on the low end. However, these are generally from actual installations, 
and, in the negative case, occupants had previously been diligent about turning off lights but no longer 
did so. We believe this provides a legitimate potential result that may occur with occupancy sensor 
installation. Some other low savings numbers occur from strategies implemented in combination with 
other strategies, so that the savings attributed to any one strategy may be smaller than they would be if 
implemented alone. However, we think that many of the numbers on the high end are actually outliers, 
and we review the maximum savings after each filter to identify whether outliers have been removed. 
Note that we relied on the filtering process to remove outliers rather than removing any arbitrarily. 
 
We also present savings by building type, as shown in Table 3. Because some studies provided data for 
multiple building types that we were unable to disaggregate, the table below only averages savings from 
building types reported alone. Therefore, this table is not comprehensive of all data in the study. Note 
that sample sizes are only robust for some control strategies within office and education. 
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TABLE 3. Average savings for each control type by building type  

Building Type  Occupancy Daylighting  Personal  
Tuning  

Institutional  
Tuning  

Multiple Types 

Office 23% (n=32) 38% (n=42) 38% (n=15) 38% (n=15) 43% (n=42) 

Warehouse 35% (n=6) 28% (n=1) - - 63% (n=3) 

Lodging 48% (n=7) - - - - 

Education 31% (n=9) 49% (n=29) 6% (n=2) - 46% (n=11) 

Retail (other than Mall) 5% (n=1) 29% (n=3) - 60% (n=1) 69% (n=1) 

Healthcare Inpatient - - - - 55% (n=2) 

Public Assembly 36% (n=2) 36% (n=1) - - - 

Healthcare Outpatient 23% (n=1)     

Other 7% (n=1) 18% (n=1) - - - 

 

We checked for differences in savings between peer-reviewed and non-peer-reviewed papers to identify 
any possible quality issues in non-reviewed papers. Table 4 shows the results of the analysis. We did not 
find any significant differences between these categories. However, many of the sample sizes are low. 
Nevertheless, we do not believe sufficient evidence exists to filter on this variable, choosing instead to 
rely on other filters for our analyses. 
 
TABLE 4. Average savings by control type for peer-reviewed and non-peer-reviewed papers 

Control Type  Reviewed  Not Reviewed  Two-tailed P value*  

Occupancy 28%  
(n=31) 

33% 
(n=35) 

0.3101 

Daylighting  43% 
(n=63) 

35% 
(n=15) 

0.1636 

Personal Tuning  36% 
(n=13) 

27% 
(n=5) 

0.4727 

Institutional Tuning  43% 
(n=11) 

28% 
(n=6) 

0.1407 

Multiple Types  50% 
(n=28) 

41% 
(n=33) 

0.1006 

*Values <0.05 would be considered statistically significant at 95%. 
 
3.2 SAVINGS FOR LIGHTING CONTROLS ONLY 
 
Many of the studies reported data for comprehensive lighting retrofits that included both lighting 
controls and lamp or luminaire replacements (or delamping, the removal of lamps from luminaires that 
remain in place). In many cases, the studies did not disaggregate the energy savings just attributable to 
the controls. Because we wanted to focus on the savings potential that lighting controls provide, we 
filtered out all studies that did not disaggregate lighting controls savings from overall savings, including 
other types of lighting retrofits. This filter retained 86% of all rows: 91% of peer-reviewed rows and 78% 
of non-peer-reviewed rows. Fig. 3 shows the average savings following this first filter. Savings range 
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from 28% for occupancy to 39% for daylighting, representing a very small correction. Note that this filter 
does not remove many of the high outliers. 
 

 
Fig. 3. Energy savings for lighting controls only – first filter; symbols as shown in Fig. 2. 

3.3 SAVINGS FOR LIGHTING ENERGY ONLY  
 
We next looked at what the savings numbers represented, attempting to identify all savings reported as 
lighting energy savings or as something equivalent. We originally believed that this would eliminate 
many data points, as only 150 of the original 240 records reported savings explicitly as energy. Many 
studies used other descriptors such as lighting hours, power, or energy per area. However, we reviewed 
the reports to determine whether these data were equivalent to energy. For example, average power 
can be equivalent to energy if hours of use do not change. In the end, we determined that most studies 
reported in units equivalent to energy. Therefore with this filter, we removed only nine rows, including 
savings as a percentage of wasted light hours, energy costs, total building energy, or energy per 
workstation.  
 
Note that within energy savings, savings may still represent different things (i.e. annual vs. daily, 
weekday core hours only vs. 24/7). However, we did not attempt to filter or standardize further on this 
variable. Many of the papers did not provide clear information on all details, and many different hour 
ranges were used for core hours. In addition, in some building types, evaluating savings from core hours 
may account for nearly all the savings, while, in other building types, savings may accrue mostly after 
hours, making a 24-hour baseline important. With these examples, it does not seem critical to use only 
studies with certain definitions of energy savings.  
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The savings from the second filter are shown in Fig. 4. Savings range from 26% for occupancy to 39% for 
daylighting, again representing only a small correction. This filter removes major outliers for occupancy 
only, but some high values remain in other categories. 
 

 
Fig. 4. Energy savings for lighting controls and lighting energy only – second filter; symbols as shown in Fig. 2. 

 
3.4 SAVINGS FOR ACTUAL INSTALLATIONS ONLY 
 
For the final filter, we wanted to address savings by how they were calculated. In theory, studies that 
monitor both the baseline and the test case should be most reliable. Studies that monitor only the test 
case and back-out the baseline may partially misrepresent savings by not capturing things like changes 
in behavior after controls installation. Studies that monitor the baseline and calculate or simulate a test 
case may over-represent savings by reporting what are essentially theoretical (maximum potential) 
savings, as are estimates based on completely simulated studies. Table 5 shows the breakdown of 
savings estimates based on these parameters, categorized into the overarching themes of actual 
installations and simulations/calculations.  
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TABLE 5. Savings basis for actual installations and simulated or calculated installations  

Savings Basis  Number of Rows – Actual 
Installation 

Number of Rows – Simulated or 
Calculated 

Monitored  
(with calculated baseline) 

86 - 

Calculated/Simulated  
(from a monitored baseline)  

- 26 

Simulated  
(test case and baseline)  

2* 33 

Monitored/Metered  
(test case and baseline)  

37 - 

Calculated  
(test case and baseline)  

- 5 

Unknown  8 - 

TOTAL  133 64 

*These two data points represent actual installations for which the savings data was estimated from a simulation 
rather than monitoring. 
 
To simplify analysis and prevent reduction to small sample sizes, we looked at the difference between 
savings from the two major categories shown in Table 5: actual installations of controls and scenarios in 
which the presence of controls was simulated. Figure 5 shows this analysis.  
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Fig. 5. Comparison of energy savings for actual installations and simulated or calculated installations. 

For daylighting, savings from actual installations appear to be significantly lower than those from 
simulations (p<0.0001). Sample sizes may be too small for the other categories to identify significant 
differences. Because of the significant difference for daylighting and the strong possibility that simulated 
studies over-represent savings, we filtered on this variable. Fig. 6 shows the average savings and other 
statistics following this final filter. Note that the averages in this figure are equivalent to the average 
savings from actual installations shown in Fig. 5. Savings range from 24% for occupancy to 36% for 
institutional tuning. Most notable, this filter clearly reduced the savings for daylighting, down to 28%. 
The filter removed 40% of peer-reviewed rows and only 17% of non-peer-reviewed rows, as simulations 
tend to be published in peer-reviewed literature. This filter removes many of the high outliers. Although 
some high values remain, because they come from actual installations, we believe that they represent 
real savings potential. 
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Fig. 6. Energy savings for l ighting controls and lighting energy in actual installations – final filter; symbols as 
shown in Fig. 2. 

In this final cut, we again checked for significant differences between savings from reviewed papers and 
savings from non-reviewed papers. Table 6 shows that the only significant difference was for multiple 
types (although note that sample sizes are small for all control strategies). Three very low non-reviewed 
data points for multiple types come from a single paper with a highly efficient lighting system as 
baseline. This, along with the disparate nature of combinations of control strategies, may be the reason 
for this significant difference. We do not believe this indicates any quality issues, particularly since 
savings are higher for the reviewed papers.  
 
TABLE 6. Comparison of savings for reviewed and non-reviewed papers 

Control Type  Reviewed  Not Reviewed  Two-tailed P-value*  

Occupancy 24%  
(n=20) 

23% 
(n=18) 

0.8493 

Daylighting  29% 
(n=20) 

26% 
(n=12) 

0.4687 

Personal Tuning  33% 
(n-12) 

24% 
(n=4) 

0.4934 

Institutional Tuning  42% 
(n=8) 

26% 
(n=5) 

0.1268 

Multiple Types  43% 
(n=20) 

30% 
(n=14) 

0.0428 

*Values <0.05 considered statistically significant. 
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Table 7 provides a final cut of savings by building type. However, note that, with this filter, there are not 
enough savings data left to provide reliable estimates for most building types. 
 
TABLE 7. Energy savings by building type – final filter 

Building Type (Alone) Occupancy Daylighting  Personal  
Tuning  

Institutional  
Tuning  

Multiple Types 

Office 22% (n=23) 27% (n=18) 35% (n=13) 36% (n=11) 40% (n=24) 

Warehouse 31% (n=4) 28% (n=1) - - - 

Lodging 45% (n=2) - - - - 

Education 18% (n=5) 29% (n=7) 6% (n=2) - 34% (n=7) 

Retail (other than Mall) - 29% (n=3) - 60% (n=1) - 

Healthcare Inpatient - - - - 35% (n=1) 

Public Assembly 36% (n=2) 36% (n=1) - - - 

Healthcare Outpatient 23% (n=1) - - - - 

Other 7% (n=1) 18% (n=1) - - - 

 
 
3.5 COMPARISON OF ENERGY SAVINGS ACROSS FILTERS 
 
Viewing the savings from all the filtered scenarios at once shows a general downward trend in energy 
savings as well as a reduction in the error band in some cases, as can be seen in Fig. 7.  Figure 8 
highlights an especially strong downward trend for the daylighting savings estimates, which began with 
a filtered average of 39% and was reduced to 28% in the final filter. Savings from occupancy strategies 
also declined over the analysis, but only from 28% to 24%. In this case, savings declined steadily through 
each filter.  We believe that the final filter represents the best conservative estimate of controls energy 
savings achievable in the field. 
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Fig. 7. Comparison of energy savings from first filter to final filter . (Note that we do not show the overall 
unfiltered results here; because it includes savings from non -controls-related measures, it is not relevant to the 
final analysis). 
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Fig. 8. Comparison of energy savings from first filter to final filter . 

 
4. DISCUSSION AND CONCLUSIONS 
 
This paper examined to the greatest extent possible the entire body of evidence on the energy impacts 
of lighting system controls used in commercial buildings.  To arrive at the best estimates of the impacts 
of different controls, we applied a series of filters to screen out data points with significantly different 
characteristics and to remove possible sources of bias in the data. Interestingly, we found no effect from 
peer-reviewed versus non-peer-reviewed literature and therefore did not filter on this variable. The first 
two filters we used screened out data points that include savings from non-controls lighting technology 
and that report savings in something not equivalent to lighting energy.  These filters did not create a 
large impact on overall savings.  
 
The biggest single effect from filtering was the final filter, which screened out data points that were not 
based on actual installations: We found that simulations appear to overestimate savings achievable in 
the field, especially for daylighting. This result is not surprising, as daylight in a building is affected by so 
many factors (building orientation, location, use, weather, occupancy, blinds, reflectances, 
commissioning, etc.). This indicates that energy policy and savings estimates should not be based on 
simulations alone, but should include field measurement or at least downward adjustment of savings 
predicted from simulations.  
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This comprehensive meta-analysis provides strong evidence that lighting controls do on average capture 
significant energy savings—between one-quarter and one-third of lighting electric energy, depending on 
the individual control strategy, and up to nearly 40% for buildings in which multiple controls strategies 
are used. While these results may have limited value from a predictive standpoint, viewed in aggregate, 
they build confidence that lighting control strategies can and do provide significant energy savings in 
commercial building applications. This finding has significant implications for energy policy. As 
mentioned previously, controls penetration is very low, federal energy conservation standards do not 
include lighting controls, and state and local building codes only partially address them. Our findings 
indicate that policies that increase the use of lighting system controls are among the most potent 
approaches to reducing U.S. energy use. 
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