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Glossary of Acronyms
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5B

ASHRAE
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DCV
HVAC
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LPD

NC

NEEA
NPCC
OCEC 2019
OCCE
OEESC 2014
OR14
OR19
RBSA
SHGC
SHGCA
TMY3

UA

VAV
WSEC

Climate zone 4C (western Oregon)

Climate zone 5B (eastern Oregon)

American Society of Heating, Refrigeration, and Air-
Conditioning Engineers

Conditioned floor area

Demand control ventilation

Heating, Ventilation and Air Conditioning
[lluminating Engineering Society

Lighting power density (W/ft?)

New construction

Northwest Energy Efficiency Alliance

Northwest Power and Conservation Council
Oregon Commercial Energy Code 2019

Oregon Code Compliance Evaluation Study
Oregon Energy Efficiency Specialty Code 2014
OEESC 2014

OCEC 2019

Residential Building Stock Assessment

Solar heat gain coefficient of fenestration

Solar heat gain coefficient times fenestration area
Typical Meteorological Year 3

Building heat loss expressed as U-value times area
Variable air volume

Washington State Energy Code

Glossary of Units

aMW Average megawatt

Btu British thermal unit

Btuh British thermal unit per hour

ft2 square feet

kBtu British thermal unit (1000s)

kBtuh British thermal unit (1000s) per hour
kWh kilowatt-hour

MMBtu British thermal unit (1000000s)
mWh megawatt-hour

w Watt
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Executive Summary

The 2019 Oregon Commercial Energy Code (OCEC 2019) is the most recent iteration of
Oregon commercial building energy code. The code was developed by the Oregon Building
Codes Division and adopted statewide for construction permitted as of January 1, 2020. It
replaces the previous 2014 Oregon Energy Efficiency Specialty code (OEESC 2014). The
code impacts all types of commercial buildings and multifamily buildings over three stories
tall. The OCEC 2019 requires that buildings demonstrate compliance with the ASHRAE
90.1-2016 building energy code. ASHRAE 90.1-2016 changes lighting and envelope
efficiency requirements, has more HVAC control requirements, and significantly expands
the building systems that are regulated (e.g., refrigeration, plug loads, metering).

The Northwest Energy Efficiency Alliance (NEEA) has played a pivotal role in aiding states
to deliver more effective and efficient energy codes. The main objective of this report is to
quantify the energy use and energy savings resulting from adoption of the 2019 Oregon
Commercial Energy Code (OCEC 2019) in new buildings and additions.

Methodology

The study was developed in two phases. The first phase involved identifying all code
changes that resulted in possible energy changes and making a qualitative assessment of
whether the measure warranted quantitative evaluation. All major code changes were
selected for quantification except for metering and commissioning changes that impact
building operations. The major code changes identified for evaluation include a 10.6%
decrease in interior lighting power allowances, a 29% decrease in exterior lighting
allowance, interior and exterior lighting controls, plug load equipment control savings,
HVAC fan controls, and improved envelope efficiency. Only changes in the code prescriptive
path were evaluated. Many smaller code changes were not selected for evaluation due to
limited evaluation resources and diminishing returns of evaluating changes that impact
very narrow slices of new construction.

The second phase involved development of energy use and savings estimates for the
selected changes. The building energy modeling software EnergyPlus (DOE 2018) was
utilized and supplemented with engineering calculations. A suite of 16 prototype buildings,
derived from the Bonneville Power Administration (BPA) new vintage existing building
models (Navigant, 2016) and modified for code evaluation, were utilized. The BPA models
share many characteristics with the national reference models but have been modified to
capture region-specific construction practices. Specific model inputs representing code values
were developed based in some cases on impacts estimated from those same regional
building data sets, and in other cases on Pacific Northwest National Laboratory (PNNL)
90.1 modeling inputs (Thorton et al. 2011, PNNL 2014a, PNNL 2014b, 2017).
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Two estimates of code energy savings are made on a unit area basis for each code, building
type and climate combination. First, the prototype energy use is calculated for each code
and the difference is taken as the change in code stringency.! The second estimate includes
current practice adjustments to improve its representation of actual energy savings. The
adjustments account for areas of code for which current practice is always better than
code, as well as new provisions for which substantial portions of the commercial sector are
already implementing the provision.

Total state estimates combine the unit area savings estimate with the new
construction/addition floor area forecasts from the Northwest Power and Conservation
Council (NPCC) Seventh Power Plan.2 The prototype models directly represent 64% of
Oregon commercial sector floor area. Where absolute savings are presented, it is assumed
that the average of the modeled sectors can be used to represent those sectors not
modeled.

Results

In total, 108 changes were noted in the new code, of which 72 were determined to likely
impact energy use, 57 decreasing energy use and 15 increasing it. A total of 27 measures
were evaluated to quantify the energy savings. The unevaluated measures included many
niche provisions (e.g., lowering leakage allowed in high pressure ducts) as well as some
larger measures such as commissioning, metering, and refrigeration provisions.

Code Stringency

New commercial buildings meeting the requirements of the OCEC 2019 analyzed in the
prototypes exhibit significant reduced electric usage, slightly increased natural gas usage,
and overall reduction in site energy usage. The weighted average changes in prototype
energy use are:

9.0% reduction in site energy

10.8% reduction in source energy

12.3% reduction in electricity usage

1.2% reduction in gas usage

The relatively small reduction in gas usage is the result of increased heating that results from
interior lighting and equipment provision measures which reduce interior electric use and the
resulting internal heat gains. The change in prototype energy use by building type is presented in
Table 1. These values represent the change in code stringency and are comparable to savings
numbers from national energy code determinations (Thorton et al. 2011, PNNL, 2014a, PNNL
2017). Energy use indices (EUI) by prototype are presented for each code in Table 2.

1 While this quantity is typically referred to as energy savings in national code determinations, this report
refers to it as code-to-code savings.

2z Supporting data files from: Seventh Northwest Electric Power and Conservation Plan, Northwest Power and
Conservation Council

ii
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Building Type Energy Savings (%)
Site Source

Energy Energy Electric Gas
Apartment Midrise 6.4% 7.7% 8.8% 0.7%
Apartment Highrise 7.8% 9.0% 10.1% 2.3%
Hospital 2.6% 1.8% 1.0% 4.9%
Lodging — Hotel 6.7% 6.4% 6.0% 7.8%
Lodging — Motel 8.3% 8.6% 8.8% 7.7%
Office — Large 10.1% 10.4% 10.6% -1.1%
Office — Medium 16.0% 16.4% 16.7% 1.3%
Office — Small 12.9% 12.7% 12.5% 15.5%
Residential Care 1.2% 0.3% -0.9% 3.2%
Restaurant - Full Serve 1.6% 2.4% 3.6% 0.6%
Restaurant - Fast Food 1.2% 1.7% 2.5% 0.6%
Retail — Large 9.8% 12.1% 14.3% 2.6%
Retail — Small 12.7% 14.2% 15.6% 7.4%
School — Primary 11.5% 15.8% 19.4% -5.7%
School — Secondary 7.7% 11.7% 14.8% -13.8%
Warehouse 17.1% 24.1% 30.1% -11.5%
Avg All Models 9.0% 10.8% 12.3% 1.2%

il
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Table 2. Prototype Annual Energy Use Indices
Building Type OEESC 2014 OCEC 2019
Site Source Site Source
Energy | Energy | Electric Gas Energy | Energy | Electric Gas
(kBtu/sf) | (kBtu/sf) | (kWh/sf)|(therm/sf)| (kBtu/sf) | (kBtu/sf) |(kWh/sf)|(therm/sf)

Apartment Midrise 48.9 117.3 10.1 0.144 45.7 108.2 9.2 0.143
Apartment Highrise 43.2 103.3 8.9 0.129 39.8 94.0 8.0 0.126
Hospital 156.9 347.2 27.8 0.621 152.9 341.0 27.5 0.591
Lodging - Hotel 78.8 174.6 14.0 0.310 73.5 163.5 13.2 0.286
Lodging - Motel 55.9 117.7 9.0 0.253 51.2 107.7 8.2 0.233
Office - Large 54.3 156.7 154 0.019 48.8 1404 13.7 0.019
Office - Medium 38.0 108.5 10.6 0.019 31.9 90.6 8.8 0.019
Office - Small 311 83.7 7.8 0.044 27.1 73.1 6.9 0.037
Residential Care 64.6 127.0 8.9 0.341 63.8 126.6 9.0 0.330
Restaurant - Full Serve 349.6 611.4 36.4 2.255 343.9 596.9 35.1 2.242
Restaurant - Fast Food 499.3 839.1 46.6 3.405 493.2 825.0 45.4 3.383
Retail - Large 56.1 125.3 10.1 0.216 50.6 110.1 8.7 0.210
Retail - Small 54.7 125.9 10.4 0.191 47.8 108.0 8.8 0.177
School - Primary 50.2 118.5 10.1 0.158 44.4 99.9 8.1 0.167
School - Secondary 35.8 88.9 7.9 0.089 33.0 78.5 6.7 0.101
Warehouse 19.2 454 3.9 0.060 15.9 34.5 2.7 0.067
Avg All Models 48.9 116.9 10.0 0.147 44.5 104.3 8.8 0.145

Energy Savings Estimates
Table 3 presents the estimated energy savings after adjustment for current practice on a
floor area normalized basis and forecast sector savings. The forecast sector savings
combine the floor area normalized savings with forecast annual new floor area in the state.
The evaluation found significant electric savings and a small amount of gas savings. The

savings are steady across building types.

Table 4 presents adjusted current practice savings by major code provision. Electric

savings are dominated by provisions reducing lighting and plug-load equipment energy
use. These same provisions result in increased heating energy use much of which is
provided by gas. The net difference of all the provisions is a small change in gas use, with
gas savings resulting from new envelope and HVAC provisions in the code largely offset by
this increased gas use of the lighting and equipment provisions. Gas savings comprise all

fuels including natural gas, propane, and oil consumption.

The savings estimates come with some limitation and uncertainty. Only the primary code
provisions are evaluated. Code provisions not quantified include those based upon DOE
Federal appliance and equipment standards, those with small expected savings, and a few

iv




2019 OREGON COMMERCIAL ENERGY CODE ENERGY SAVINGS ANALYSIS Final Report

with uncertainty about current practice and application. Savings from code provisions
based upon DOE Federal appliance and equipment standards are captured in NEEA
evaluations of the individual standards.

Another source of uncertainty is the operation assumptions assumed for lighting and plug
load control provisions. Estimates attributing savings to specific fuels have additional
uncertainty due to the limited data on current HVAC system and fuel type choices.
Differences between assumed system and fuel type and future installed system and fuel
types will directly impact electric and gas savings from envelope provisions and, due to
HVAC interaction, the savings associated with interior lighting and receptacles.

In addition to the above limitations, the forecast sector savings do not include savings from
code remodel provisions and activity. Thus, significant additional savings occur but are not
quantified. As such, this work forms a conservative estimate of improvement in energy
efficiency as a result of the code and market changes.

Table 3. Estimated Annual Energy Savings by Building Type - Current Practice

Building Type Normalized Savings Forecast Sector Savings

Site Energy| Source Energy Electric Gas Electric Gas

kBtu/sf kBtu/sf kWh/sf| therm/sf aMw MMBtu
Assembly 3.75 10.41 1.00 0.004 0.15 478
Hospital 3.10 4.81 0.23 0.023 0.01 510
K-12 School 4.12 12.35 1.24 -0.001 0.13 -100
Lodging 3.36 8.12 0.70 0.010 0.03 303
Multifamily 3.11 8.87 0.86 0.002 0.16 260
Office — Large 3.64 10.81 1.08 0.000 0.20 -75
Office — Medium 4.35 12.76 1.26 0.000 0.22 49
Office — Small 3.76 9.85 0.91 0.007 0.04 290
Other 3.75 10.41 1.00 0.004 0.58 1799
Other Health 1.38 2.35 0.13 0.009 0.02 908
Restaurant 4.07 11.57 1.12 0.002 0.02 37
Retail — Big Box/Anchor 5.09 13.62 1.27 0.007 0.09 475
Retail — Small/High End 6.31 15.99 1.44 0.014 0.13 1142
University 3.66 10.51 1.03 0.002 0.01 15
Warehouse 3.25 9.85 0.99 -0.001 0.26 -341
Total 3.71 10.35 0.99 0.003 2.05 5750
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Table 4. Annual Energy Savings by Measure - Current Practice

Forecast Sector

Normalized Savings Savings

Electric Gas | Electric Gas
Code Item kWh/ft? | therms/ft2 | aMW | MMBtu/yr
Envelope Changes 0.079 0.0076 0.16 13703
Minimum Skylight Area 0.060 -0.0007 0.12 -1200
Interior Lighting Power 0.221 -0.0021 0.46 -3741
Interior Lighting Controls 0.205 -0.0009 0.42 -1601
Exterior Lighting Power 0.152 0.0000 0.31 0
Exterior Lighting Controls 0.128 0.0000 0.26 0
Receptacles 0.146 -0.0008 0.30 -1360
Air Cooled Chiller Limit elimination -0.011 0.0000 -0.02 0
Economizer Control Requirements 0.007 0.0000 0.01 -16
VAV Optimization 0.006 -0.0002 0.01 -451
DCV Kitchen Hood Req. Threshold Increase -0.001 -0.0001 0.00 -268
New DCV Exception 0.000 -0.0001 0.00 -175
High Input Rated Hot Water 0.000 0.0004 0.00 674
DHW Pipe insulation 0.001 0.0001 0.00 185
Total 0.994 0.0032 2.05 5750
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1. Introduction

This work evaluates energy savings from the 2019 Oregon Commercial Energy Code
(OCEC 2019) in commercial buildings and in multifamily buildings that are four or more
stories tall. The previous code, the 2014 Oregon Energy Efficiency Specialty Code (OEESC),
is published as Chapter 13 of the 2014 Oregon Structural Specialty Code (OSSC). In March
2019, the Oregon Building Codes Division (BCD) voted to change the energy provisions of
OSSC Chapter 13 and renamed the code to the Oregon Commercial Energy Code (OCEC).
The new provisions will follow the current Statewide Alternate Method 18-02, entitled the
Oregon Zero Code Efficiency Standard, and will encompass:

e Compliance with ASHRAE 90.1-2016 as shown by COMcheck™3
e Estimating the energy use of the proposed building
¢ Identifying required onsite or offsite renewables to achieve a net zero building

The last two items are to be determined using the Architecture 2030 Zero Code Calculator.
At this time, there is no requirement for actual installation or purchase of renewables, so
effectively the 2019 OCEC is the ASHRAE 90.1-2016 energy code.

The effective date of the new provisions was January 1, 2020. There was a phase-in period
from October 1, 2019 to January 1, 2020 in which buildings could be submitted under
either code. The BCD also committed to adopting future ASHRAE 90.1 codes soon after they
are published. The adoption process will start within 12 months of the 90.1 publication
date, subject to COMcheck availability.

The clear advantages of this approach are that it provides predictability and ready-made
compliance tools with COMcheck™ and 90.1 User Manuals. In addition, being an early
adopter of 90.1 will keep the state abreast or ahead of the International Energy
Conservation Code (IECC) energy code. Adding the Zero Code Calculator into the code
process may facilitate future movement down the path toward net zero buildings.

State Alternate Method 19-01 was adopted in October 2019; it creates a parallel
compliance path utilizing the 2018 IECC. This alternate method code is missing the 90.1
interior lighting control and receptacle control improvements. This alternate method is
intended to remain available until the 90.1-2019 code is adopted.

The primary difference between the OEESC 2014 and OCEC 2019 codes is one of detail and
scale. OEESC 2014 is concise, while OCEC 2019 is specific and detailed. OCEC 2019 updates
lighting and envelope efficiency requirements, includes more HVAC control requirements,

3 COMcheck is a software used to determine whether new commerecial or high rise residential buildings,
additions and alterations meet the requirements of ASHRAE standard 90.1. More details can be found at
https://www.energycodes.gov/comcheck
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and significantly expands the building systems that are regulated (e.g., refrigeration, plug
loads, metering). It also addresses more special cases and exceptions in the requirement
language, thus leaving less room for uncertainty in code requirements.

This work estimates two metrics. The first is a code-to-code estimate, which compares the
codes directly; the change in energy use is referred to in this report as the code-to-code
estimate or savings. The second estimate is referred to in this report as current practice
estimate or current practice savings. Energy codes follow practice, extending best practices
and in some cases standard practices to all buildings. The current practice savings are
adjusted for actual building conditions in an attempt to better capture the actual impacts of
the codes and market forces by fuel type.

Savings are projected to new building floor area forecast by the Northwest Power Planning
Council for completion starting in 2021, one year after the code effective date. Savings are
not quantified for changes to existing buildings. While doing so might involve large
additional savings, it would also involve significant interactions with utility programs and
issues related to enforcement and code applicability.

The savings estimates associated with this work come with some limitation and
uncertainty. Only the primary code provisions are evaluated. Many other code provisions
are not quantified, mostly due to expected small overall savings, or occasionally to
uncertainty about current practice and application. Adding this to remodeling activity
means that significant additional savings occur but are not quantified. As such, this work
forms a conservative estimate of improvement in energy efficiency as a result of the code
and market changes.

Previous Northwest Energy Efficiency Alliance (NEEA) reports evaluated energy savings
associated with regional non-residential code changes made between 1996 and 2015
(Kennedy, 2005-2018).4 This work relies heavily upon the methods used in this earlier
work and upon work by Pacific Northwest National Laboratory (PNNL) (Thorton et al.
2011, PNNL 2014a, PNNL 2014b, PNNL 2017).

4 Residential code energy savings for the same period were estimated by the Northwest Power &
Conservation Council.
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2. Methodology and Data Sources

The analysis method used in this report estimates the incremental energy savings from the
recently-adopted code by comparing to previous code. This method has been used by the
Northwest Energy Efficiency Alliance (NEEA) and the Northwest Power and Conservation
Council (NPCC) for more than 20 years to estimate regional energy savings potential from
improvements to new and existing buildings.

The process utilizes a hybrid simulation and engineering calculation approach with
baseline characteristics derived from regional building characteristic data as follows:

e Estimate the maximum heat loss rate (UA/ft?), and cooling efficiency performance
requirements for the base code (e.g., OEESC 2014) and the newly adopted code (e.g.,
OCEC 2019). This is primarily done about applying the code to each building in a
sample of recently-constructed buildings to utilize real building traits to weight the
occurrence of space, construction, and equipment types. The current evaluation
utilized primary data sets that included 350 commercial buildings (NEEA 2004 NC
discussed in Section 2.1) and 23 mid- and high-rise residential buildings (RBSA
2014).

e Estimate of lighting power density (LPD) for each building type by applying code
allowances to each space type assumed by ASHRAE/IES space type.

e Determine the current practice condition. For LPD, UA/ft?, and other traits that
apply to every building, it is a deration for the fact that buildings have always been
better than code since the first evaluation. The starting LPD is better than code
minimum, the percent change in code value is applied to that LPD, so the final LPD is
better than code and the change is slightly reduced. For certain discrete provisions
such as the minimum skylight provision, the fraction of floor area that already has
skylights is determined from available data and removed from the savings pool.

e Estimate energy savings for the code-to-code changes and the current practice
changes in representative prototype buildings by climate zone using EnergyPlus 8.9
building energy simulation software and, where needed, engineering calculations.

e Measures with broad applicability and generally positive savings were modeled
both individually and as a package. Individual savings were then adjusted uniformly
so the sum of individual savings matched the package. Additional measures were
simulated incrementally from the final package.

e Measures not modeled were determined using engineering calculations typically
based on model predictions of end-use consumption. This evaluation has no
example of this step.

¢ Engineering calculations adjust savings for other heating fuel types and, where
warranted, for applicability and current saturation.

e The savings results were normalized per unit floor area and were combined with
the expected new construction/addition floor area forecast from the Northwest
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Power and Conservation Council (NPCC) Seventh Power Plan® to provide a weighted
savings for each building prototype and a weighted result for all commercial
buildings.

2.1. Primary Data Sources
Primary sources of building data used in this project are listed in this section. These data
were used to establish typical building traits such as HVAC system type and heating fuel,
building envelope proportions and construction types, and many other traits. Three of the
data sources were regional studies and contain data for buildings in Idaho, Montana,
Oregon, and Washington. In general, these studies do not contain adequate sample within
each state to characterize individual building types. For these data sets the regional
averages were used to represent Oregon on the presumption that issues related to
variation between states were less significant than the gains in statistical significance when
looking at individual building types.

2.1.1. NEEA Baseline Characteristics of the 2002-2004 Non-Residential
Sector (NEEA 2004 NC)

The primary characteristics data used in this work are derived from data collected as part
of the NEEA Baseline Characteristics of the 2002-2004 Non-Residential Sector (NEEA 2004
NC) study (Baylon and Kennedy, 2008).6 The data set include data on 350 buildings
constructed between 2002 and 2004 in Washington, Oregon, Idaho, and Montana. These
data were used to determine space and water heating fuel saturations, HVAC system and
equipment types and associated minimum code performance, and building envelope
characteristics and geometry. This data set is referred to as the NEEA 2004 NC data.

2.1.2. 2019 Oregon New Commercial Construction Code Evaluation Study
(OCCE)

The 2019 Oregon New Commercial Construction Code Evaluation study (Larson et al.
2019)7 examined 46 office, multifamily, retail, and school buildings in Oregon with
construction starts between 2013 and 2016. The study was primarily intended as a check
of assumptions based on the previous NEEA 2004 NC and Residential Building Stock
Assessment (RBSA 2014) data. This data set is referred to as the OCCE data; Appendix D
provides more detail on this study.

2.1.3. Commercial Building Stock Assessment (CBSA) 2014
The 2014 Commercial Building Stock Assessment (Navigant Consulting 2014) data are
used as auxiliary characteristics data, filling in where the NEEA 2004 NC data are missing
or incomplete. The new cohort in the 2014 CBSA is slightly newer than the NEEA 2004 NC
data (2004-2012 vs. 2003-2005 completion years); however, it has a few shortcomings

5 Supporting data file 7P Forecasts D2.xIsx from: Seventh Northwest Electric Power and Conservation Plan,
Northwest Power and Conservation Council, 2016. Currently can be found under Conservation Supply Curve
Workbooks, crosscutting at: https://www.nwcouncil.org/reports/technical-information-and-data

6 http://www.nwalliance.org/resources/reportdetail.asp?RID=134

7 https://neea.org/resources/2019-oregon-new-commercial-construction-code-evaluation-study
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that negate some of this value. It spans three code cycles, which makes interpreting the
data difficult, and is based primarily on site visits. The NEEA 2004 NC data made heavy use
of plans and building 0&M manuals in addition to site visits. Because extracting data from
the NEEA 2004 NC data was easier, it was chosen as the primary data set and CBSA 2014 as
the secondary data set.

2.1.4. NEEA Residential Building Stock Assessment (RBSA 2011)
Characteristics

The primary characteristics data used for the mid- and high-rise multifamily buildings
work are derived from data collected as part of the NEEA Residential Building Stock
Assessment (RBSA), which surveyed existing multifamily building characteristics (Baylon
et al.,, 2013). A total of 79 mid-rise and high-rise multifamily buildings were surveyed, of
which 23 were built between 2001 and 2012. Table 5 presents a break down of the
sampled buildings. The RBSA sample was not segmented to isolate new mid-rise and high-
rise buildings and the resulting sample has a large uncertainty when looking at these
building types in isolation. Most notable is that while the overall multifamily sample is a
regional sample, most all of the mid-rise and high-rise occur in Seattle.

Despite concerns about the small number of new mid-rise and high-rise buildings in the
sample, these data were used to determine building and unit code maximum lighting power
densities (LPD), and building envelope characteristics, geometry, and code minimum
performance. The data were also considered in selecting the HVAC system and fuel type
and the service hot water heating fuel types. The study buildings were built to the
standards current during the construction year. The forms of the buildings (e.g., the
distribution of lighting space types) built in the 2001-2012 period were considered typical
of new buildings. For each code, the codes were applied to each of the buildings to
determine code allowances and the average values used as inputs in the simulation models.

Table 5. RBSA Multifamily Building Sample

2001- 2008-

2007 2012 Total
Audited Buildings (count)
High-rise 5 5 10
Mid-rise 7 6 13
Total 12 11 23
Sector Building Distribution (%)
High-rise 5.49 21.34 26.82
Mid-rise 6.95 56.22 73.18
Total 2.44 77.56 100.00
Sector Floor Area Distribution (%)
High-rise 0.68 41.21 51.89
Mid-rise 6.48 31.64 48.11
Total 7.15 72.85 100.00
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Mid-rise and high-rise multifamily buildings are characterized by RBSA as being comprised
of unit areas, common areas, and commercial non-residential floor area. The commercial
non-residential floor area found in residential buildings is typically retail and other
commercial occupancies located on the first floor of the building. The current evaluation is
limited to the residential dwelling unit areas and the common areas serving the dwelling
unit areas. Commercial floor area found in RBSA, and code energy savings associated with
it, are covered by the NPCC commercial floor area forecast and the energy code savings
determined in previous evaluations of commercial buildings; they are therefore not
addressed here. This data set is referred to as RBSA 2014.

2.1.5. NPCC Seventh Plan and Floor Area Forecast
The Northwest Power and Conservation Council (NPCC) Seventh Power Plan developed a
regional state-by-state floor area forecast for a range of building types. This data set forms
the basis of all floor area estimates used in weighting between states and building types.

2.1.6. Bonneville Power Administration (BPA) Future Codes Analysis
Building population distribution among climate zones within the state uses work
conducted by Bonneville Power Administration (BPA) (Kennedy 2012) to map the
distribution of new commercial buildings to these zones based on Dodge construction data
from 2002-2008. The available data set did not include mid-rise and high-rise residential
buildings and climate zone distribution was not available. The NPCC forecast assumes 18%
of multifamily units are in mid-rise and high-rise buildings. A weighted average of the
weights used for all other building types was used for multifamily buildings, which may
overweight the proportion of mid-rise and high-rise multifamily buildings assigned to the
5B climate zone (described in the following section).

2.2. OCEC 2019 Code Changes
The base code for this evaluation is the 2014 Oregon Energy Efficiency Specialty Code
(OEESC 2014) and the newly adopted code is the 2019 Oregon Commercial Energy Code
(OCEC 2019). This evaluation compares changes in the code prescriptive paths only. No
attempt is made to compare performance paths or to evaluate the alternative 2018
International Energy Conservation Code (IECC 2018).

Given the much greater level of detail in the OCEC 2019 code and the very different origins
of the code language, the differences between the two codes are substantial. Virtually every
requirement in the 2019 code has some element (requirement, threshold, or exception)
that is changed. Table 6 presents the evaluated measures in this study; Table 7 identifies
some of major provisions not evaluated. However, many more provisions are not
evaluated, and an in-depth listing of code differences can be found in Appendix B.

The OCEC 2019 addresses two Oregon climate zones, 4C and 5B. Envelope provisions
constitute the primary differences between the two zones, though a couple mechanical
provisions also change. This study evaluates the envelope of each climate zone
independently.
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Table 6. Evaluated Code Changes

Final Report

OCEC 2019

Section Code Provisions

51.2 & Tables 5.5 Sem.i-heated threshold and r(.equirements,' envelope

48555 maximum conductance, maximum WWR increase,
SHGC decrease

5.5.4.2.3 Minimum skylight area

255.54?62014 Elimination of air-cooled chiller capacity limit

6.5.3.2.1 Air flow control hydronic fan coils— two speed fans

6.4.3.8 Increased applicability of DCV exception

6.5.1.1.3 Economizer high limit

6.5.3.3 VAV optimization

6.5.7.2 New kitchen DCV hood exception

7.5.3 High input hot water

8.4.2 Receptacle OS control

9.4.4,9.5,9.6 Interior lighting power

9.4.2 Exterior lighting power

9.4.1.1,94.13 Interior lighting control

9.4.1.2,9.4.1.4 Exterior and parking garage light control

Notes: WWR = window-wall ratio; SHGC = solar heat gain coefficient of fenestration

Table 7. Key Provisions Not Evaluated

OCEC 2019

Section Code Provisions Reason
Grocery prototype is not adequate; most of code

6.4.5,6.4.6, Refrigeration changes changes are an echo of US Department of Energy

6.5.11 (DOE) standards which NEEA is claiming
separately.

65321 Air flow control DX — two speed fans Savings for DOE IEER standards claimed by NEEA
separately.*

6.7.2.3, Commissioning

6.7.2.4,9.4.3 High uncertainty of savings.

8.4.3,10.4.5 Metering

6.5.6.1 Energy recovery for 8000+ hour systems Hospital prototype not set up to handle provision.

10.4.1 New electric motor efficiency tables Savings for electric motor efficiency claimed by
NEEA separately. *

6.8.1 Small boiler, packaged terminal heat pumps | Small boilers and PTHP savings were accounted in

(PTHP) OCEC 2014 analysis prior to NEEA’s involvement. *
6.8.1 Zec?ifélejgsl:::iijlif?:rc,kjog;ss:;r)rr]::)ﬁl /i%?m Equipment efficiency not evaluated since savings

and DX-DOAS efficiency

for those standards claimed by NEEA separately.*

*Refer to Section 2.3.4 Federal Appliance and Equipment Standards for details.
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2.3. Savings Estimation
Energy savings from code provisions are estimated using building energy simulation
supplemented with engineering calculations. Savings estimates are made on a unit area
basis for each building type and climate combination. Total state and regional savings
estimates combine the unit area savings estimate with the new construction/addition floor
area forecasts from the Northwest Power and Conservation Council (NPCC) Seventh Power
Plan.8

Prototype building descriptions were modeled to determine savings. For code-to-code
estimates, OEESC 2014 and OCEC 2019 models were run in the two climates. For the
current practice estimates, individual simulations were completed for incremental changes
in the primary performance variables (e.g., lighting LPD, equipment efficiency, and
envelope component efficiency) and for the other evaluated code provisions. The results
from the various runs are post-processed to achieve final savings estimates.

This section provides a generalized discussion of the savings calculations. Details on the
evaluated measures and individual savings calculations can be found in Appendix A and in
the calculation spreadsheets.

2.3.1. Prototype Buildings and Simulations
Simulations were conducted using EnergyPlus V8.9, a building energy simulation program
developed by the US DOE. The prototype building descriptions are derived from the BPA
new vintage existing building models (Navigant 2016). The BPA models are based on the
DOE reference buildings with several modifications to make them more applicable to NW
buildings. The BPA descriptions are implemented in the Params framework developed by
Big Ladder Software.? This framework assembles building descriptions dynamically from
templates based on predefined parameters.

Part of an evaluation of the 2015 Washington State Energy Code (WSEC) (Kennedy, 2018)
consisted of a major effort to upgrade the BPA templates and inputs to better represent
new construction, allow dynamic changes to windows and skylight fractions, and to
streamline several aspects of the HVAC specification. Some elements of this work are
discussed in Appendix C of this report.

This evaluation was conducted under the notable constraint that the prototypes utilize
HVAC systems typical 10-15 years ago, prior to substantial changes in the marketplace.
Regional data sources are generally lacking for the recent time period. While variable
refrigerant flow (VRF) and chilled beam systems were not present during the NEEA 2004
NC study, they are clearly present now; anecdotally, interest in water source heat pumps
seems to be growing. For medium office, retail, schools and multifamily buildings, the OCCE

8 Supporting data files : Seventh Northwest Electric Power and Conservation Plan, Northwest Power and
Conservation Council, available at https: //www.nwcouncil.org/reports/seventh-power-plan.
9 https://bigladdersoftware.com/projects/params/
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data set provides newer data for a small sample of projects; however, the system type
trends are not clear, as discussed in Appendix D. Because this evaluation utilizes
engineering adjustments to provide estimates for all fuel types, the primary impact of
different systems and fuel selection is captured to the extent that the new systems are
replacing systems with similar fuel types (e.g., VRF in place of air source heat pump).

As discussed in Appendix D, the fuel saturations used are updated for multifamily space
and water heat and large office water heat. The modeled HVAC system types remain the
same except for the residential properties, which are modeled with package terminal heat
pumps (PTHP), a poor-performing heat pump with some units lacking defrost capabilities.
Table 7 of the OCCE study indicates that 48% of multifamily floor area is heated by zonal
electric resistance, 38% by VRF, WSHP, and DHP, and 15% by PTHP. PTHP was chosen as
representing the middle ground between electric resistance and a good heat pump.

Table 8 lists the modeled prototype buildings and the selected HVAC system types.

The prototype base characteristics for LPD, window-to-wall ratio, envelope heat loss, and
equipment efficiency for each prototype were updated for the evaluated codes. The
prototype LPD and heat loss rate are scaled so that the modeled building traits are the
same as the average found by the code change increment process described in the next
section.

For the code-to-code estimates individual simulations were conducted for the OEESC 2014
and OCEC 2019 codes. For the current practice estimates the code provisions are modeled
individually or, in the case of the envelope, as a group. This allows the attribution of savings
to individual provisions and also allows applicability and current practice adjustments.

The major generally-applicable measures (e.g., lighting, envelope, motor control) are
modeled first individually and then as a group. The group run is used to adjust the
individual runs for interactive effects. Subsequent measures are modeled incrementally.
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Table 8. Prototype Descriptions

Building Type

Baseline System/Fuel”

Mid-Rise Residential

PNNL 90.1 determination-derived model with packaged terminal heat pump in the
dwelling units and single-zone package AC/gas furnace in the common area

High-Rise Residential

Same geometry as the mid-rise model but with 8 floors rather than 10 floors.
Dwelling unit HVAC is packaged terminal heat pump and common areas have
single-zone package AC/furnace.

Office — Large

VAV with series fan-powered terminals on perimeter and pinch boxes in the core
with electric resistance reheat.

Office — Medium

Package single-zone AC/gas furnace

Office — Small Package single-zone AC/gas furnace
Retail — Large Package single-zone AC/gas furnace
Retail — Small Package single-zone AC/gas furnace

School — Secondary

Single zone air handlers with hydronic heating and cooling

School — Primary

VAV with pinch boxes and electric hydronic reheat in classrooms. Single-zone air
handlers with hydronic heating and cooling for common areas.

Warehouse

Package single-zone AC, gas furnace in office. Gas fired unit heaters in storage

Hospital

CAV and VAV with pinch terminals. Gas boiler, hot water reheats.

Residential Care

Sleeping unit HVAC is packaged terminal AC with electric resistance heat and
common areas have single-zone package AC/furnace.

Restaurant — Sit Down

Package single-zone AC, gas furnace in dining. Gas fired make-up air units for
kitchen.

Restaurant — Fast Food

Package single-zone AC, gas furnace in dining. Gas fire make-up air units for
kitchen.

Lodging — Hotel

Common areas: single-zone air handlers; rooms: four pipe fan coils

Lodging — Motel

Common areas: package single-zone AC, gas furnace; rooms: PTHP

* This is the modeled fuel type. Conversion of results to other heating fuel types is done as part of the
engineering calculations to capture first order effects of other fuels.

The weather files used in this work are shown in Table 9. Boise, ID was selected to
represent the Oregon 5B climate zone because previous regional and national commercial
code savings evaluations have utilized Boise, ID to represent zone 5B. It is both similar to
and geographically close to eastern Oregon zone 5B.

Table 9. TMY3 Weather Data

Heating | Cooling
Degree Degree
State Climate Zone Weather Station Days Days
Oregon Zone 4C Portland, OR 4230 446
Oregon Zone 5B Boise, ID 5416 1008

10
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2.3.2. Determining Model Inputs
This study relied heavily on characteristics from the actual NW building stock to determine
OSEEC 2014 and OCEC 2019 inputs.

The code envelope heat loss, window area, and cooling efficiency for each code were
estimated by applying the codes to the construction types and areas, and equipment types
found in each building of the NEEA 2004 NC commercial building and RBSA new mid-rise
and high-rise data sets. The resulting estimated building characteristics (e.g., envelope heat
loss, cooling efficiency) are averaged by building type for each code.

The code interior lighting power allowance for each prototype was calculated as the
weighted average of the code space-by-space allowances using weights taken from the
ASHRAE/IES building area allowance calculations.

The prototype characteristics are then scaled so the model average matches the average
characteristic determined, either code-to-code or current practice. Using the average for
many buildings implicitly weights the various lighting area types, envelope component
types, and equipment sizes so that the efficiency increase (or decrease) represents the
sector response rather than that found for just the few situations represented in the
models.

The minimum skylight provision is a unique case. For the code-to-code estimate, the
number of spaces to model with skylights was based on the percentage of floor area in the
2005 NEEA 2004 NC buildings that would be required to have skylights. The current
practice estimate was also adjusted for the current saturation of skylights in buildings.
Skylights with top daylight harvest controls predate the code requirements by a decade or
more in many building types. The current practice estimate was based on the assumption
that code requirements to have skylights do not save energy for the fraction of floor area
found to have skylights in the NEEA 2004 NC data.

For other code provisions, exterior lighting, power lighting, lighting and equipment control
measure increments, inputs were derived utilizing inputs from the national 90.1
determinations (Thorton et al. 2011, PNNL2014a, PNNL 2014b, PNNL 2017). The code-to-
code and current practice inputs were the same for these provisions.

Provision-by-provision details are presented in Appendix A.

2.3.3. LPD & UA/ft2 Current Practice Adjustments
The code-to-code increment produces an estimate of the upper bound of possible savings.
Every field study of Northwest buildings in which building and code data are collected has
found that average new building characteristics exceed the average code requirements. For
example, in the NEEA 2004 NC data, the average office building LPD is 1.03 W/ft2, 18%
lower than the 1.257 W/ft2 average code-allowed LPD for those buildings at the time of

11
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construction. Using the arithmetic code-to-code change takes credit for saving the lighting
power between the base code maximum power and actual installed power.

To account for this and ensure estimates are conservative, current practice adjustments are
made to reduce savings where current practice typically exceeds code in the base code
(OEESC 2014). For maximum LPD and envelope thermal performance, this adjustment is
made to the model input values. A percent reduction is applied to both the base code
(OEESC 2014) and new code (OCEC 2019) input assumptions. The primary impact is that
the difference between the base and new code inputs modeled is reduced as are the
resulting savings.

In previous NEEA commercial code savings studies, the adjustment was based upon the
average LPD and code allowances at time of construction for the buildings in the NEEA
2004 NC data. Due to some concern about the reliability of the NEEA 2004 NC code
allowance and a desire to move away from the NEEA 2004 NC data it was decided to use
fixed percentages across all building types. A 5% adjustment was applied to code envelope
UA/ft2 and 10% adjustment was applied to code LPD. These values are conservative
estimates based on the 2004 NEEA NC Data. The 10% lighting adjustment is smaller than
the 15% average adjustment based upon the 2004 NEEA NC data. The envelope value is
fairly close to the average for envelope found in the 2004 NEEA NC data.

A more complete discussion of the code-to-code versus current practice adjustment can be
found in the 2011 NEEA Energy Code Evaluation (Kennedy, 2011, Appendix E) along with
the implied after-code LPD for the NEEA New Construction Survey buildings for each
scenario and code.

2.3.4. Federal Appliance and Equipment Standards
Previous NEEA energy code savings evaluations made no attempt to separate energy
savings due to regional energy codes from those due to federally covered appliance and
equipment energy efficiency standards (hereafter referred to as DOE standards). Savings
for items in the energy code were counted as savings even if they occurred as part of DOE
standards.

Starting in 2015, NEEA has worked to influence DOE standards in addition to regional
codes and is evaluating savings for DOE standards separately from codes. This necessitates
excluding savings from recent DOE standards which have been incorporated into energy
codes. DOE standards regulate efficiency in most classes of HVAC and hot water heating
equipment as well as electric motor efficiency, lighting, and refrigeration equipment. This
overlap can be direct in that energy codes regulated the efficiency in the same way as DOE
standards ( i.e. HVAC equipment rated efficiency). It can also be indirect with codes
regulating one aspect and standards another (i.e. lighting efficacy vs lighting power density
and unitary DX IEER vs two-speed fan). Where code changes resulted from DOE standards
being included in code the inputs for the OEESC 2014 models were set to reflect the current
DOE standard so no savings would accrue that were also included in standards evaluations.

12
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This was more difficult in cases where codes and standards regulate the same item but in
different ways. The details are presented in the code provision input discussions in
Appendix A.

2.3.5. Savings Calculation Spreadsheets
All savings calculations are processed through spreadsheets that combine simulation
results, end use fuel saturations, current practice adjustments, and new construction floor
area estimates to produce energy use estimates. Within each climate workbook are
worksheets with OEESC 2014 and OCEC 2019 code-to-code results as well a current
practice worksheet.

The calculation worksheets calculate electric, gas, and heat pump space heating and water
heating from the modeled system consumption using simplified conversion factors and
heating fuel saturation factors determined from the NEEA 2004 NC and OCCE data. This
method provides better estimates of changes in electric vs. gas without the need to model
each fuel type.

The current practice worksheets make additional applicability and saturation adjustments.
There is a current practice worksheet for each evaluated code provision. The simulation
results for each measure are normalized by floor area or sometimes by other factors.
Normalized savings are estimated for the two non-modeled fuels. These results are then
combined with an applicability factor reducing savings based on the estimated applicability
of the code language to the given building type, heating fuel, system type, or other factor. A
current saturation factor further reduces savings for measures with extensive saturation
prior to code adoption (e.g., minimum skylight in retail). Total saturation is the assumed
end result. All applicable buildings that lack a particular required technology are assumed
to have installed it. The applicability and saturation factors are determined from field data
and study results where possible.

The current practice estimates are rolled up into an overall current practice savings
estimate by building type. To arrive at sector savings, the normalized energy use and
savings estimates for each worksheet are combined with the applicable floor area for the
given region and building type.

2.3.6. Overall Sector Energy Use and Performance
For the code-to-code runs and for each code provision analyzed, the simulation and
engineering calculations produced estimates of energy use and savings per square foot by
building type and state. The normalized savings were weighted by the new construction
square footage in each climate zone to develop statewide averages. The overall state floor
area by building type is taken from the Northwest Power Planning Council’s medium
growth scenario. The Council’s forecast provides square footage estimates for each year
through 2035. OCEC 2019 went into effect on January 1, 2020 and buildings built to that
codes will be completed and start accruing savings in 2021. The average projected annual
floor area for 2021-2030 is used to weight code-to-code and current practice energy

13



2019 OREGON COMMERCIAL ENERGY CODE ENERGY SAVINGS ANALYSIS Final Report

savings estimates. Weighting within the state between the two climate zones is done using
an analysis of the distribution of new construction based on data developed by BPA for the
years 2002-2008 (Kennedy 2012).

Sector energy use and percent savings are directly estimated from the simulation results

for the code-to-code estimates. For the current practice estimates, relative savings are
calculated using the current practice savings estimate and the base energy use index (EUI)
that was developed separately. There is no OCEC 2019 current-practice estimate.

This process does not account for non-modeled energy use, in particular, energy use
resulting from poor operation and scheduling, items that would lead to commissioning and

metering savings.

Overall OCEC 2019 savings are presented by several metrics: site Btu, source Btu, carbon

dioxide, and energy cost. Key assumptions are shown in Table 10.

Table 10. Carbon and Cost Factors

Quantity

Assumption

Source

Source Btu — electrical

10.07 kBtu/kWh

PNNL 90.1-2016 Determination

Source Btu — gas

1.088 kBtu/kBtu

PNNL 90.1-2016 Determination

Carbon — Gas

117 Ibs/ mmBtu

Environmental Protection Agency (EPA)

Electricity

Carbon — Electricity NPCC 0.97 lbs/kWh NPCC 2031 Marginal Carbon
Carbon — Electricity Oregon | 0.97 lbs/kWh NPCC 2031 Marginal Carbon

US Energy Information Administration
Energy Cost—Oregon Gas | 0.8615/therm | 0\ a1 Gas Monthly (July 2019)
Energy Cost — Oregon 0.0872 $/kWh EIA Electric Power Monthly (Jan & Aug

2019)

14
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3. Results

Table 11 presents the energy use indices (EUIs) by prototype and by code edition. The
results are the average of the two Oregon climate zones 4C and 5B based on the weighting
factors discussed in Section 2.3.7. The values represent regulated and unregulated energy
use within the building types assuming properly operating controls and schedules. Gas
energy represents all fuel energy sources (e.g., natural gas, propane, and oil).

Table 12 presents the percentage changes between the two codes. Based on the analyzed
provisions, the OCEC 2019 reduces total site energy use 9.0%, source energy use 10.8%,
electric use 12.3%, and gas use 1.2% from the OEESC 2014. The relatively small decrease in
gas use results from the decreases in interior lighting and plug load equipment energy use,
which increase heating loads and offset most of the gas efficiency improvements made by
the code. Relative savings are lower in Apartment and in the high Energy Use Intensity
building types of Hospital, Residential Care, and Restaurant.

These code-to-code savings are larger than the DOE Standard 90.1-2016 Determination
(PNNL 2017) which found zone 4C savings of 5.9%, 8.8%, and -0.4% for site energy use,
electricity, and gas respectively compared to Standard 90.1-2013. This is to be expected as
the OEESC 2014 code is less stringent than 90.1-2013 in a number of areas that contribute
significant additional savings including interior and exterior lighting controls, plug load
controls, and minimum skylight area requirements.
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Table 11. Prototype Annual Energy Use Indices
Building Type OEESC 2014 OCEC 2019
Site Source Site Source
Energy | Energy | Electric Gas Energy | Energy | Electric Gas
(kBtu/sf) | (kBtu/sf) | (kWh/sf)|(therm/sf)| (kBtu/sf) | (kBtu/sf) |(kWh/sf)|(therm/sf)

Apartment Midrise 48.9 117.3 10.1 0.144 45.7 108.2 9.2 0.143
Apartment Highrise 43.2 103.3 8.9 0.129 39.8 94.0 8.0 0.126
Hospital 156.9 347.2 27.8 0.621 152.9 341.0 27.5 0.591
Lodging - Hotel 78.8 174.6 14.0 0.310 73.5 163.5 13.2 0.286
Lodging - Motel 55.9 117.7 9.0 0.253 51.2 107.7 8.2 0.233
Office - Large 54.3 156.7 154 0.019 48.8 1404 13.7 0.019
Office - Medium 38.0 108.5 10.6 0.019 31.9 90.6 8.8 0.019
Office - Small 311 83.7 7.8 0.044 27.1 73.1 6.9 0.037
Residential Care 64.6 127.0 8.9 0.341 63.8 126.6 9.0 0.330
Restaurant - Full Serve 349.6 611.4 36.4 2.255 343.9 596.9 35.1 2.242
Restaurant - Fast Food 499.3 839.1 46.6 3.405 493.2 825.0 45.4 3.383
Retail - Large 56.1 125.3 10.1 0.216 50.6 110.1 8.7 0.210
Retail - Small 54.7 125.9 10.4 0.191 47.8 108.0 8.8 0.177
School - Primary 50.2 118.5 10.1 0.158 44.4 99.9 8.1 0.167
School - Secondary 35.8 88.9 7.9 0.089 33.0 78.5 6.7 0.101
Warehouse 19.2 454 3.9 0.060 15.9 34.5 2.7 0.067
Avg All Models 48.9 116.9 10.0 0.147 44.5 104.3 8.8 0.145

16




2019 OREGON COMMERCIAL ENERGY CODE ENERGY SAVINGS ANALYSIS Final Report

Table 12. Prototype Energy Use Change (Code-to-Code)

Building Type Energy Savings (%)
Site Source

Energy Energy Electric Gas
Apartment Midrise 6.4% 7.7% 8.8% 0.7%
Apartment Highrise 7.8% 9.0% 10.1% 2.3%
Hospital 2.6% 1.8% 1.0% 4.9%
Lodging — Hotel 6.7% 6.4% 6.0% 7.8%
Lodging — Motel 8.3% 8.6% 8.8% 7.7%
Office — Large 10.1% 10.4% 10.6% -1.1%
Office — Medium 16.0% 16.4% 16.7% 1.3%
Office — Small 12.9% 12.7% 12.5% 15.5%
Residential Care 1.2% 0.3% -0.9% 3.2%
Restaurant - Full Serve 1.6% 2.4% 3.6% 0.6%
Restaurant - Fast Food 1.2% 1.7% 2.5% 0.6%
Retail — Large 9.8% 12.1% 14.3% 2.6%
Retail — Small 12.7% 14.2% 15.6% 7.4%
School = Primary 11.5% 15.8% 19.4% -5.7%
School — Secondary 7.7% 11.7% 14.8% -13.8%
Warehouse 17.1% 24.1% 30.1% -11.5%
Avg All Models 9.0% 10.8% 12.3% 1.2%

Table 13 presents the average annual current-practice energy savings for all evaluated
code changes in the 2019 Oregon code. The current practice results reflect adjustments for
current practice and are used by NEEA in setting actual code energy savings. Floor area
normalized savings acquired each year are 0.99 kWh/ft2-yr of electricity and 0.003
therm/ft2-yr of gas. Forecast statewide annual electricity savings combining the
normalized savings with forecast annual floor area additions in the state are 2.05 average
megawatts and 5,750 MMBtu of gas and other combustion fuels. Table 14 presents the
current-practice percent savings which are similar to the code-to-code savings in Table 12
with the exception that the gas savings are positive rather than negative. This difference
highlights how sensitive gas savings are to the balance of measures directly decreasing
space heating needs with those with interactions that increase space heating (e.g. lighting).
The resulting number is extremely sensitive to small changes. In this case, differences in
the applicability of measures in the current practice runs result in smaller interactive
effects and results in small net savings rate.
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Table 13. Annual Energy Savings by Building Type (Current Practice)

Floor Area Normalized Savings Forecas't Sector
Savings
Site Energy|Source Energy| Electric Gas Carbon [Energy Cost| Electric| Gas

Building Type kBtu/sf kBtu/sf kWh/sf |therms/sf| Ibs/sf S/sf aMW | MMBtu
Assembly 3.75 10.41 1.00 0.004 1.01 0.090 0.15 478
Hospital 3.10 4.81 0.23 0.023 0.49 0.040 0.01 510
K-12 4.12 12.35 1.24 -0.001 1.19 0.107 0.13 -100
Lodging 3.36 8.12 0.70 0.010 0.79 0.070 0.03 303
Multifamily 3.11 8.87 0.86 0.002 0.86 0.077 0.16 260
Office — Large 3.64 10.81 1.08 0.000 1.04 0.094 0.20 -75
Office — Medium 4.35 12.76 1.26 0.000 1.23 0.111 0.22 49
Office — Small 3.76 9.85 0.91 0.007 0.96 0.085 0.04 290
Other 3.75 10.41 1.00 0.004 1.01 0.090 0.58 1799
Other Health 1.38 2.35 0.13 0.009 0.24 0.020 0.02 908
Restaurant 4.07 11.57 1.12 0.002 1.12 0.100 0.02 37
Retail Big Box/Anchor 5.09 13.62 1.27 0.007 1.32 0.117 0.09 475
Retail Small/High End 6.31 15.99 1.44 0.014 1.56 0.137 0.13 1142
University 3.66 10.51 1.03 0.002 1.01 0.091 0.01 15
Warehouse 3.25 9.85 0.99 -0.001 0.95 0.085 0.26 -341
Total 3.71 10.35 0.99 0.003 1.00 0.089 2.05 5750

Table 14. Percent Savings - OCEC 2019 (Current Practice)

Energy Use Carbon Energy Cost
Site Energy | Source Energy | Electric Gas NPCC Oregon Avg
7.8% 9.2% 10.4% 2.1% 9.1% 9.3%

Figure 1 through Figure 4 present the relative proportions of current practice savings
attributable to various code sections. Electric, site Btu, and energy cost savings are
dominated by interior and exterior lighting power (allowance and controls) and receptacle
controls. Figure 2 only shows the provisions contributing to positive gas savings which are
dominated by the envelope savings. The interactive increased gas use resulting from the
interior lighting and equipment provisions is not shown.

Table 15 presents the detailed breakout of the average annual current practice savings for
the OCEC 2019 by code provision. The negative gas savings associated with interior
lighting and receptacles is clear. The air-cooled chiller limit elimination item is an OEESC
2014 requirement that is not in the new code. The DCV kitchen hood item reflects the
exception added in the new code that reduces the number of situations required to have
DCV kitchen hoods.
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Figure 1. Electric Savings by Section (% of Total)

Figure 2. Gas Savings by Section (% of Total)
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Table 15. Annual Energy Savings by Measure - Current Practice

Floor Area Forecast Sector

Normalized Savings Savings

Electric Gas | Electric Gas
Code Item kWh/ft? | therms/ft? aMW | MMBtu
Envelope Changes 0.079 0.0076 0.16 13703
Minimum Skylight Area 0.060 -0.0007 0.12 -1200
Interior Lighting Power 0.221 -0.0021 0.46 -3741
Interior Lighting Controls 0.205 -0.0009 0.42 -1601
Exterior Lighting Power 0.152 0.0000 0.31 0
Exterior Lighting Controls 0.128 0.0000 0.26 0
Receptacles 0.146 -0.0008 0.30 -1360
Air Cooled Chiller Limit elimination -0.011 0.0000 -0.02 0
Economizer Control Requirements 0.007 0.0000 0.01 -16
VAV Optimization 0.006 -0.0002 0.01 -451
DCV Kitchen Hood Req. Threshold Increase -0.001 -0.0001 0.00 -268
New DCV Exception 0.000 -0.0001 0.00 -175
High Input Rated Hot Water 0.000 0.0004 0.00 674
DHW Pipe insulation 0.001 0.0001 0.00 185
Total 0.994 0.0032 2.05 5750
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4. Conclusions

Adoption of the OCEC 2019 energy code represents a substantial advance in new building
energy efficiency. The code-to-code method estimates an 9.0% reduction in site energy
while the current practice adjusted method estimates a 7.8% reduction. There are
substantial electric savings (12.3% code-to-code, 10.4% current practice adjusted) but very
few gas savings (1.2% code-to-code, 2.1% current practice adjusted) because of negative
HVAC interaction of the interior lighting and receptacle control provisions. The increased
gas savings in the current practice estimates are a direct result of reduced electric savings
from interior lighting. The code provision changes generating the bulk of energy savings
are those impacting interior and exterior lighting power and controls, automatic receptacle
control, and envelope requirements.
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Appendix A: Measure Evaluation Details

This appendix presents evaluation details of OCEC 2019 code provisions. Inputs for code
estimates and current practice estimates are the same unless otherwise noted.

A.1 Envelope

The impact of all envelope measures is evaluated by applying the codes to the NEEA 2004
NC building data and determining an average UA/ft?2 and SHGC by building type to
represent the aggregate envelope changes. The Oregon 2014 and 2019 codes are applied to
each of the 350 buildings in the data set based on audited component types. For buildings
where window-wall ratio (WWR) or skylight-roof ratio (SRR) exceeds code limits,
adjustments are made to the window and skylight U and SHGC values to comply with code.
The average code thermal conduction and SHGC of each component and code is then
determined. These values account for all the code envelope changes and are used in the
code-to-code estimates. For the current-practice adjusted-savings estimates, a current
practice adjustment is applied to the code values. Past evaluations included a data-based
current-practice adjustment to address the below-code-maximum average building heat
loss rate in every NW baseline characteristics study. The current data are outdated; for
simplicity it was assumed code-compliant buildings will exceed code by an average of 5%,
which in turn reduces savings from envelope measures by 5%.

The table below presents the average code heat loss rate and SHGC for the NEEA 2004 NC
buildings. The “OR14”, “OR19 4C,” and “OR19 5B” columns are the building heat loss rates
per square foot of conditioned floor area and average SHGC under the different codes. A 5%
reduction is applied to the current practice savings estimates to capture the fact that early
audit data found that the buildings slightly exceeded code on average.

In general, the prototypes have less surface area per unit floor area than those in the NEEA
2004 NC data. This means that using prescriptive u-values for prototype components
underestimates envelope heat loss relative to the NEEA 2004 NC data. Therefore, the
average code values were adjusted for differences between the prototype geometry and the
NEEA 2004 NC data, as discussed in Appendix C1. The averaged and adjusted values,
capturing all changes of the envelope code, are then modeled.
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Table 16. Average Code Heat Loss Rate and SHGC

Avg Heat Loss Rate (ua/ft?) Average SHGC
Building Types OR14 | OR194C | OR195B | OR14 | OR194C | OR195B
Apartment, high-rise 0.091 0.082 0.079 0.37 0.37 0.35
Apartment, mid-rise 0.088 0.078 0.072 0.40 0.38 0.36
Healthcare—hospital 0.079 0.067 0.064 0.38 0.36 0.38
Hotel, large 0.110 0.093 0.088 0.40 0.36 0.38
Hotel, small 0.110 0.093 0.088 0.40 0.36 0.38
Office, large 0.086 0.077 0.075 0.28 0.32 0.34
Office, medium 0.115 0.100 0.095 0.38 0.36 0.38
Office, small 0.167 0.141 0.132 0.40 0.36 0.38
Residential care 0.085 0.067 0.063 0.40 0.36 0.38
Restaurant, full-service 0.148 0.125 0.117 0.40 0.36 0.38
Restaurant, quick service 0.148 0.125 0.117 0.40 0.36 0.38
Retail, stand-alone 0.135 0.106 0.104 0.39 0.37 0.39
Retail, strip mall 0.199 0.144 0.136 0.38 0.35 0.37
School, primary 0.120 0.087 0.082 0.40 0.36 0.38
School, secondary 0.099 0.076 0.071 0.39 0.36 0.38
Warehouse, heated 0.140 0.099 0.095 0.39 0.35 0.37
Warehouse, semi-heated 0.203 0.227 0.121 0.61 0.55 0.58
Warehouse, unheated 0.330 0.316 0.315 0.41 0.37 0.39

A.1.1 Maximum WWR and SRR

The code-maximum window-wall ratio (WWR) changes with the new code and will allow
most buildings to have 40% WWR rather than 30%. Code-maximum skylight-roof ratio
(SRR) is 3% in both codes except for an OCEC 2019 exception that will allow up to 6% if the
skylights have a VT>0.4, have 90% haze value, control all the general lighting in the
resulting daylight zone, and result in a top daylight zone encompassing at least 50% of the
space. This is an incredibly low bar and pretty much allows any distributed skylight system
to qualify if it has diffusers in the skylights. Therefore, a 6% limit was assumed for the new
code. Using the NEEA 2004 NC data, buildings with more than the maximum allowed
skylight will be assumed to maintain the high SRR and improve U and SHGC to compensate.

A.1.2 Window and Skylight SHGC

The new code slightly reduces the maximum allowed solar heat gain coefficient of
fenestration (SHGC) from 0.4 to 0.38 and 0.36 in zones 4C and 5B respectively. The new
code provides new exceptions from SHGC requirements for windows with external shading
and for street-level retail. The NEEA 2004 NC data were used to determine the average
code SHGC for both codes, and the resulting average SHGC is modeled. Retail, grocery, and
restaurant buildings are deemed to qualify with either the street-level retail exception or
the projection factor exception. In these cases, the allowed SHGC was set to 0.4,
representing no change.
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The new code also has a new provision regulating window orientation, which requires east
and west window areas to each be < 25% of the total window, or to have the SHGC window
area product of east and west windows to each be < 20% of the total. Buildings with less
than 20% WWR on both east and west can have an SHGC < 90% code allowance to comply.
This provision is applied after any projection factor adjustments in the main SHGC
allowance, and also exempts street-level retail.

Evaluating the new provision is difficult. While orientation data exists for windows, there is
no orientation data for the walls, so determining when the east and west WWR is < 20% is
not possible. This evaluation has assumed that wall area is oriented in proportion to the
window area and therefore the WWR of each orientation is the same as that of the building.
NEEA 2004 NC buildings were separated into four paths:

e Those with less than 25% of windows on east and west walls respectively,
e Those with less than 20% WWR,

e Grocery/retail/restaurant, and

e Everything else.

Each group was treated according to code requirements and a reduction factor was
developed to adjust the overall SHGC allowance. Separate east-west SHGC was not
modeled.

The RBSA data sets do not include orientation for high-rise and mid-rise multifamily
buildings. The significant possibility for external shading from decks is also not captured.
No adjustments were made to the multifamily code requirements as a result of projections
or orientation.

Under the new code, skylights are exempt from SHGC requirements if they have a VT>0.4
and a diffuser. These are the same requirements to qualify for the 6% maximum allowance.
Therefore, many skylights will be exempt from SHGC requirements in the new code;
however, this evaluation assumes an SHGC of 0.4, the same as the OEESC 2014 code.

For current-practice estimates, code SHGC values were adjusted 5% lower.

A.1.3 Minimum Skylight

The OCEC 2019 introduces requirements for many space types to have skylights with
daylight lighting controls for 50% of the space floor area if the spaces are larger than or
equal to 2500ft? and directly under a roof with a ceiling height greater than 14 feet.

Table 17 indicates the zones in which skylights were modeled. For large retail buildings,
skylights were also modeled in the sales zones in the base case since skylights have been a
fixture of large retail for nearly two decades. The model zones were set up with skylights
and controls that provided daylight control to 90% of the zone. For the code-to-code
estimates, skylights were modeled in a limited number of zones so that the savings were
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not overly large for the code provision that required only 50% daylighting. While this
solution is not ideal, it fit best with the companion current-practice estimates. The current-
practice estimates modeled skylights in all applicable spaces. The savings were normalized
by the total daylight area and then adjusted based on the applicability factors in Table 18
and the requirement for 50% of the floor area in said spaces to be in the daylight zones.
Data on the current saturation of skylights and floor area meet the space criteria primarily
based on the NEEA 2004 NC data.

Table 17. Minimum SKkylight - Zone Selection
Building Type Code-To-Code Current Practice
Retail - Large Sales, Storage Sales, Storage
Retail - Small 1 of large store Both large stores
School - Primary Gym Gym, library, cafeteria
School - Secondary Library, auditorium | Gym, library, auditorium
Warehouse Bulk storage Bulk & fine storage
Warehouse - Semiheated | Bulk storage Bulk & fine storage
Warehouse - Unheated None None

Table 18. Minimum Skylight Current Practice Applicability Assumptions

Floor Area in Spaces

Overall larger than 2,500sf with Current
Building Type Applicability roof and high ceiling (%) Saturation
Retail - Large 9.6% 72.02% 52.88%
Retail - Small 16.2% 36.65% 4.32%
School - Primary 0% 12.55% 32.00%
School - Secondary 1.9% 19.27% 15.54%
Warehouse 28.3% 76.24% 19.60%

A.1.4 Envelope Insulation

The OCEC 2019 nonresidential insulation requirements mandate more insulation in all
components, opaque and fenestration, except for zone 4C framed walls and zone 4C/5B
below-grade walls and joist floors where the values are the same as the current code. Many
of the new code requirements constitute significant improvements (e.g., R30ci roof from
R20ci, and fully-insulated concrete masonry unit (CMU) walls from allowing only filled
cores).

In buildings with a WWR typically less than 30%, the OCEC 2019 represents a significant
improvement in required envelope insulation. In large and medium offices where WWR
can be quite high, required improvements in insulation will be partially offset by the higher
glazing fraction allowance in the new code.
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A.1.5 Infiltration and Vestibules

Both codes require vestibules on most building entrances, although OCEC 2019 includes
many exceptions. Exceptions 7 and 8 are confusing and contradictory: exception 7 requires
vestibules in buildings over 1,000ft2, while exception 8 exempts doors “that are not the
building entrances” in spaces less than 3,000ft2. The 90.1 user guide indicates this latter
exception is meant to exempt street-level stores in larger buildings. As such, a store that is
a 2,000ft2 building needs a vestibule on the access door, but a 2,000ft2 store in a bigger
building does not. The definition of building entrance is not consistent with this
interpretation, however, as any door used for entry is an entrance door. For strip malls, the
building has no entrance to a larger building, rather each store has its own entrance. The
building entrance definition would lead one to consider that each space entrance is a
building entrance, but this would be counter to the user guide statement. This work
assumes vestibules are not required in the strip mall where spaces are <3,000ft2. The
OEESC 2014 is similar, but with fewer and clearer exceptions. The OEESC 2014 exempts
entrances for all spaces <3,000ft2. Under these interpretations, no difference exists in the
code requirements for a vestibule.

The OCEC 2019 has detailed requirements for the vestibule, such as a minimum distance
between the inner and outer doors and implementation of automatic door closers, while
the OEESC 2014 does not. This evaluation includes no analysis of this.

A.2 Mechanical

The mechanical chapter of the code was substantially changed. Rated equipment efficiency
remains largely the same, although every requirement in code has changes in some
element (requirement, threshold, or exception). ASHRAE 90.1-2016 has more HVAC
control requirements and significantly expands the coverage of special cases in the
requirement language and exceptions, leaving less room for uncertainty in code
requirements.

Many mechanical changes have not been modeled due to the prototypes not being
configured to handle the equipment and/or controls, as well as the development time that
would be involved to handle the change. In most cases, the changes impact a subset of
systems (e.g., VAV systems with fans between 5hp and 7.5hp) so that savings averaged
across all commercial buildings would be relatively limited. Even so, taken together, the
unevaluated mechanical provisions represent a significant source of uncounted savings
that artificially diminish the relative importance attributable to the mechanical chapter.

30



2019 OREGON COMMERCIAL ENERGY CODE ENERGY SAVINGS ANALYSIS Final Report

A.2.1 HVAC Equipment Performance Requirements
The primary changes in equipment efficiency are:

e Increased packaged terminal heat pump (PTHP) heating coefficient of performance
(COP)

e Increased single package vertical air conditioners (SPVAC) and single package
vertical heat pumps (SPVHP) energy efficiency ratios (EER) for non-space-
constrained units

e Tiny increase in EER for non-weatherized space-constrained SPVAC and SPVHP
< 30,000 Btuh

¢ Small increase in SPVHP heating COP in equipment >135,000 Btuh

e Increased annual fuel utilization efficiency (AFUE) for gas and oil hot water and
steam boilers <300,000 Btuh

e Higher performance for axial/propeller fan closed-circuit cooling tower

e Restructured computer room tables

o New efficiency tables covering

o Variable refrigerant flow (VRF)

o Commercial refrigerator efficiency

o Indoor pool dehumidifiers

o DX-DOAS units with and without heat recovery

Overall, these changes are minor, with the most significant changes for PTHP,
SPVAC/SPVHP, and small boiler efficiency. The PTHP and small boiler changes pre-date
NEEA standards efforts and are therefore included in the code savings estimates as
discussed below. The SPVAC/SPVHP change was not evaluated as the saturation of that
equipment type is presumed to be small. Little of this type of equipment existed in the 2005
NEEA 2004 NC buildings.

The added tables for new equipment classes (e.g., VRF, DX-DOAS) were originally
introduced to 90.1 not as a means to force change but instead to establish a requirement so
equipment ratings will be made available with improved efficiencies for introduction in
future code cycles. Therefore, the new tables were not evaluated here as a change in
efficiency.

A significant issue for equipment efficiency is that the analysis relies on a distribution of
equipment types based on the 2005 NEEA 2004 NC building data. That data included no
VRF units, and other system type shifts such as chilled beam had not yet been instituted. As
such, the saturation of other equipment types is likely smaller than that found in the 2005
NEEA 2004 NC data.

Boiler and PTHP Heating Efficiency

The federal minimum heating efficiency requirements for PTHP equipment increased as of
October 8, 2012, and PTHP efficiency increased by approximately 6% on average. ASHRAE
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90.1 boiler efficiency for boilers <300,000 Btuh increased with the adoption of ASHRAE
90.1-2013.

Although the OEESC 2014 was intended to implement these higher minimum efficiency
requirements, somehow it only captured the PTAC/PTHP cooling requirement and not the
PTHP or boiler heating requirements. Whether this was due to an error or to Oregon
adopting federal standards before adequate time had elapsed from original publication is
unclear.

The OEESC 2014 code savings evaluation assumed the new PTHP and boiler heating
efficiency requirements would be adopted, and evaluated these efficiency improvements as
part of that change. Since savings have already been accounted for, savings from these
measures are not included in current practice savings but are included in the code-to-code
stringency measure for the residential care and motel building types.

Air-Cooled Chiller Capacity Limit

The OEESC 2014 limits the allowable capacity of air-cooled chillers. Facilities with more
than 300 tons of total chiller capacity can have no more than 100 tons of air-cooled chiller
capacity. All other chillers must meet the minimum code requirements for water-cooled
chillers. The OCEC 2019 removes this limit.

The NEEA 2004 NC data were used to calculate the average compressor cooling efficiency
with and without this provision and the results were modeled.

A.2.2 OEESC 2014 503.2.1.1 Packaged Electric Equipment

This provision, which is eliminated in the new code, establishes a heat capacity threshold
(20,000Btuh) above which package AC/electric heat units must be heat pumps. The
provision does not impact duct heaters or VAV reheat. With removal of this provision, any
package air conditioner will be allowed to have electric resistance heat instead of a heat

pump.

In the 2005 NEEA 2004 NC data set, the saturation of single package equipment with
electric resistance heat in this size range is very limited. This provision was not evaluated
when it was introduced and its removal now is likewise not evaluated.

A.2.3 Demand Control Ventilation

Both codes have the same threshold of 25 people or more per 1,000ft2 for space to have
demand control ventilation (DCV) as well as the general requirement that the system have
economizers, a modulating damper, or more than 3,000 cfm of outdoor air. However, the
exceptions are quite different.

The OEESC 2014 exempts spaces smaller than 500ft? served by single-zone systems and
those smaller than 150ft2 served by multizone systems. In addition, spaces smaller than
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750ft2 in which the fan, ventilation damper, or zone damper closes when unoccupied, and
systems with heat recovery, are exempt.

The OCEC 2019 exempts spaces in which more than 75% of the design outdoor air flow is
required for makeup or exhaust. Exempt systems are those with less than 750cfm of
outdoor air, and multizone systems without direct