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1. Executive Summary

1.1 Abstract

The Sacramento Municipal Utility District (SMUD) desires to improve the energy performance of new
nonresidential buildings. This report covers the study of a one-story, 60,000 ft_, steel frame elementary
school building similar to the stock in SMUDOs service area. A baseline building model of this type was
developed, discussed in Section 1.2, and used as the reference point for detailed energy and economic
analysis. NREL applied its commercial building optimization program, Opt-E-Plus, to identify four
distinct energy savings packages relative to the baseline building.3%0&W®W South-Facing Y/

package refers to the baseline building with a 390 kW photovoltaic (PV) system installed. The

CEnergy Efficienc® package includes all of the energy efficiency measures identified inlTablet

does not include a photovoltaic system. TEaddgy Efficiency + 167 kW South-Facing®¥yackage
includes all efficiency measures in Tabl® &s well as a 167 kW photovoltaic system installation.

Finally, the @nergy Efficiency + 390 kW South-Facing®Yackage includes all efficiency measures in
Table 15 as well as a 390 kW PV system installation. This final package is also referred to as the
minimum energy building. The minimum energy building did not include skylights in this case, so the
roof area available for PV installation was not reduced.

Detailed results for each of the building packages are given in Sectitab® *1 shows that a 102.4%
annual Net Site Energy (NSE) reduction is achieved by the minimum energy building. Energy savings
beyond 100% indicate that the building generates more electricity than it uses on an annual basis. These
savings include a net electric energy reduction of 1,189,398 kWh; a savings of 114.5% compared to the
baseline electrical energy use as shown in Talile The minimum energy building achieves a reduction

in the yearly peak electrical demand of 260.8 kW; a savings of 60.5% relative to the baseline building as
shown in Table 4. With both energy efficiency measures and PV, a 73.4% demand savings is achieved
in the month of July for the minimum energy building relative to the baseline. However, even with cost
savings through reduction in HVAC system size and window glass area, PV incentives from SMUD, and
the benefits of the Federal Production Tax Credit, this maximum level of energy savings is not achieved
under favorable economic analysis as shown in Tal3le TheEnergy Efficiency + 167 kW South Facing

PV package achieves energy savings of 68.1% and annual demand savings of 60.5% under favorable
economic analysis as shown in Tabl8.1The economically optimal size for a PV system is unique to

each building and should be a topic for further study.

1.2 Baseline Building Definition

The baseline building model was defined to be a steel frame building similar to the elementary school
building stock in Sacramento, California. Figur& $hows a rendering of the baseline building model.

The elementary school model contains several disjoint buildings; the energy use and economic figures in
this study are the sums across the entire school campus. Summaries of the building characteristics are
presented as OscorecardsO containing information on form, fabric, systems, and simulation parameters;
these scorecards are included in Appendices G and H. The HVAC system model is a packaged rooftop
air conditioner with constant volume direct expansion and fossil fuel furnace heating. The HVAC system
is autosized by EnergyPlus for all simulation runs through design day calculations performed in
EnergyPlus. The total HVAC system for the baseline model is autosized to 291 Tons, of TG df

cooling. Daylighting may be required in some situations under Title-24 2005 Section 5.2.1.4, but was not
included in the baseline model after discussions with SMUD. The building fabric was configured to be
minimally-code-compliant under Title-24 2005.



Figure 1-1 Baseline Elementary School Model Rendering: View from Southwest

The baseline building uses a total of 3,962,159 kBtu of energy per year, an energy intensity of

66.0 kBtu/ft_-yr. The baseline building has an annual maximum electric demand of 431.2 kW, or

7.2 WIft_, which occurs in the month of September at 2:00 PM. The annual electric energy charges for
the baseline building are $83,975 and the annual electric demand charges are $24,846. Additional
information about the baseline building end uses is given in Figure D-1 and the scorecard is given in
Appendix G.

1.3 Building Packages and Key Results
Four building packages beyond the baseline building were identified.

¥ 390 kW South-Facing R¥¢onsists of the baseline building with 390 kW of South-Facing roof-top
PV applied at a tilt angle of 38% for optimal energy production. This system generated
697,228 kWh of energy annually.

¥ Energy Efficiencyincludes energy efficiency measures identified in the minimum energy
building by the optimization algorithm; these measures are listed in TdableAlthough the
energy efficiency package includes efficiency measures with increased cost, the reduction in
heating and cooling loads allows for a reduction in HYAC sizing which compensates for the
additional capital costs of the efficiency measures. The HVAC system for the building with
energy efficiency measures is autosized to 165 Tons, or 3@®ft of cooling. This package
also reduced the glazing from 40% to 30% window to wall ratio on East and West exposures,
which saves capital cost and energy. Data for the assumed cost of energy efficiency measures
and PV are included in the attached scorecards.

¥ Energy Efficiency + 167 kW South-Facing,m\ludes all of the energy efficiency measures as
well as a 167 kW South-Facing PV installation, generating 298,781 kWh of energy annually.



¥ Energy Efficiency + 390 kW South-Facing,m\ludes all of the energy efficiency measures as
well as a 390 kW South-Facing PV installation, generating 697,228 kWh of energy annually.
This building package is also referred to as the minimum energy building. The minimum energy
building is displayed in Figure C-1.

The performance of these building packages is compared across several important metrics in Table
1-1, Table 2, Table 13, Table x4, Figure 12, andFigure 3. Table X1 compares the building
performance in Net Site Energy, Percent Energy Savings, and Max Electrical Demand. Net Site
Energy measures the total energy used at the building (both electrical and gas) minus the contribution
of any on site generation (such as PV). Percent Energy Savings are calculated as the percent
reduction in NSE relative to the baseline building. Max Electrical Demand is the annual maximum
average net electrical power usage over a 15 minute period. Detailed data (such as end uses and
timestamp of monthly maximum demand) on peak net electrical demand for each building package
are given in Appendix F.

Table 1-1 Overview Comparison of Building Package Performance
Net Site Percent Max Electrical Iﬂectricgl
Energy Energy Demand S:C::ns
(kBtu) Savings (kW) (kw;‘;l
Baseline 3,962,159 0.00% 431.2 NA
390-kW South-Facing PV 1,583,053 60.0% 305.3 125.9
Energy Efficiency 2,282,296 42.4% 192.8 238.4
Energy Efficiency + 1,262,786 68.1% 170.4 260.8
167-kW South-Facing PV
Energy Efficiency + -96,810 102.4% 170.4 260.8
390-kW South-Facing PV

Table 12 compares the building packageOs total energy use. Total Electricity represents the total amount
of electrical energy that the building consumed. PV Production is the total amount of electrical energy
generated by the PV system. The building®s net electrical usage is equal to Total Electricity minus PV
Production. The total amount of gas energy used by the building is given by Total Gas.

Table 1-2 Energy Comparison of Building Package Performance



Total Net
Tot.al_ Electricity PV . Electricity et Tota! Sas
Electricity Savings Production Savings Gas Savings

(kWh) (kWh) (kWh) (kWh) (Therms) | (Therms)
Baseline 1,038,821 NA 0 NA 4,175 NA
390-kW South-Facing PV | 1.038:821 0 697,228 697,228 4,175 0
Energy Efficiency 546,651 492,170 0 492,170 4,171 4
Energy Efficiency + 546,651 492,170 298,781 790,951 4,171 4
167-kW South-Facing PV
Energy Efficiency + 546,651 492,170 697,228 1,189,398 4,171 4
390-kW South-Facing PV

Table 13 compares the building packages across a variety of economic metrics. Total Life Cycle Cost
(TLCC) is the total expected cost of the whole building (including capital, maintenance, and energy costs)
over the analysis period. The TLCC accounts for inflation of energy and operations and maintenance
(O&M); therefore, the discount rate is used as a nominal discount rate. The TLCC is determined by
Equation 1where N is the number of years in analysis period (N=30) tBe total cost to operate the

building in the f year, and d is the discount rate (d=8%).

N
TLce=1 o &

o (L+0)

Equation 1 Calculation of TLCC

Incremental First Capital Cost is the additional building capital costs in the first year only relative to the
baseline building. Net Present Value (NPV) is used to evaluate net cash flows to determine the value of a
given design option. This requires comparing the base building with the selected building to calculate
whether or not the building will save or lose money over the analysis period. For example, NPV may be
used to determine the value of installing an energy efficiency measure that requires additional first capital
but will save energy costs over the analysis period. Positive NPV indicates that the design decision adds
value to the building and should be accepted from an economic standpoint. NPV is calculated by
Equation 2similarly to TLCC but with Fequal to the net cash inflow for year n relative to the baseline
building.

N F
NPV =1 —n __
o @+ d)

Equation 2 Calculation of NPV

Table 1-3 Economic Comparison of Building Package Performance



Total Life Cycle Cost In%g:)'}te;:tgLZ'trSt Net Present Value

($) ) ($)
Baseline $13,103,441 NA NA
390-kW South-Facing PV $13,465,420 $1,476,167 -$673,703
Energy Efficiency $12,202,546 $170,588 $554,664
Energy Efficiency + $12,422 464 $803,225 $219,277
167-kW South-Facing PV
Energy Efficiency + $12,727,280 $1,646,755 -$236,259
390-kW South-Facing PV

Table X4 compares the annual energy costs of each building package. Electricity Charges are costs
associated with the use of electrical energy. Demand Charges are charges associated with the demand for
electrical power. Energy Cost Savings is the total reduction in utility costs including electricity charges,
demand charges, gas charges, taxes, utility hookup fees, etc. If a building packages changes energy
performance significantly, it may qualify for a different utility tariff than the baseline building. In this

case, the tariff which results in the highest energy cost savings is selected.

Table 14 Energy Cost Comparison of Building Package Performance

Electrical
Tariff
Selected

Annual
Electricity
Charges

($)

Annual
Demand
Charges

($)

Annual
Electric
Bill ($)

Annual
Electric Bill
Savings ($)

Annual

Gas+Electric

Savings ($)

Baseline

SMUD
2005/2006
Secondary

TOU3

$83,975

$24,847

$118,629

NA

NA

390-kW South-Facing PV

SMUD
2005/2006
General
Service DM

$27,450

$16,175

$44,148

$74,481

$71,481

Energy Efficiency

SMUD
2005/2006
General
Service DM

$43,382

$9,759

$57,625

$61,004

$61,017

Energy Efficiency +
167-kW South-Facing PV

SMUD
2005/2006
Secondary

TOU3

$18,614

$9,275

$31,221

$87,408

$87,421

Energy Efficiency +
390-kW South-Facing PV

SMUD
2005/2006
Secondary

TOU3

-$13,213

$9,191

-$3,242

$121,871

$121,886




Figure 12 shows the monthly maximum net electric demand for each building package; this is the
maximum utility load of the building for each month of the year. Each building package may experience
a net demand peak at a different time in each month. Adding 390-kW South-Facing PV to the baseline
building reduces peak demand in July by 31.0%; this is because PV production is coincidental with peak
cooling loads in the summer. However, Brergy Efficiencyackage with no PV outperforms t8@0

kW South-Facing Pyackage throughout the year; achieving 60.2% peak demand savings in July.
Combining efficiency with PV generates further demand savings in the summer months; achieving 71.5%
and 73.4% peak demand savings in July for 167 kW and 390 kW PV systems respectively.
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Figure 1-2 Monthly Maximum Net Electric Demand for each Building Package

Figure 13 shows the load duration curve for each building based on hourly electrical demand reports

from the annual simulation. These curves show the percentage of time during the year that the buildingOs
net electrical demand exceeds a certain load. For example, the baseline building demand is above 200
kW almost 30% of the year and the energy efficiency package does not ever exceed 20033U.Kikie
South-Facing P\package has a net load of zero or less (exporting energy) 20.7% of the year. The energy
efficiency plus PV packages export energy onto the grid 21.6% and 34.3% of the year, for the 167-kW

and 390-kW PV systems respectively.
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Figure 1-3 Annual Electric Demand Load Duration for each Building Package

1.4 Conclusions and Recommendations

NREL has developed a set of conclusions and recommendations based on this study of a one-story,
60,000 ft, steel frame elementary school building in Sacramento. These conclusions and
recommendations are based on a consideration of several building performance measures of interest to
SMUD including Net Site Energy, Maximum Electric Demand, Total Life Cycle Cost and Capital Cost.
These conclusions are similar to those in the ASHRAE Advanced Energy Design Guide for K-12 School
Buildings [AEDG-SC]. However, the recommendations in this report are based off the specific modeling
done in this work, which uses Title-24 2005 to define the baseline building performance instead of
ASHRAE Standard 90.1-1999, and are aimed at surpassing the 30% energy savings targeted by the
ASHRAE Design Guide. Application of all of the measures in Taleidcluding 390 kW PV, is

predicted to result in energy savings of 102.4% over a typical steel frame elementary school building as
well as reduction of yearly peak demand by 60.5% and peak demand in July by 73.4%.

The recommended energy measures described in Tdbkre separated into two groups: those which

reduce building loads and those that do not. Certain energy efficiency measures (such as daylighting,
increased insulation, shading, etc.) reduce primary building loads and are the most cost-effective methods
for saving energy. Other energy efficiency measures (such as boiler and fan efficiencies) do not reduce
building loads but increase the efficiency of equipment which services the building®s loads. These
measures are most economically applied after load reduction measures. Combined application of both
load reduction and equipment efficiency measures minimizes the buildingOs electrical load during peak
demand times, maximizing the ability of a given PV system to fully meet or exceed the buildingOs
electrical load during peak demand times. The combination of load reduction and equipment efficiency
measures is shown to maximize the value of PV systems, especially under net metering tariffs.

This effect is highlighted in Table-5, which marks all EDMs for which NPV is increased when removed
from the minimum energy building. Items which decrease NPV when removed tend to be load reduction
measures; those that increase NPV when removed are more costly equipment efficiency measures. For
example, reducing loads by decreasing window fraction and adding attached shading reduces both capital



costs and cooling loads in the building and should be applied before increasing HYAC component
efficiencies. However, this analysis is hot meant to show that equipment efficiency does not play a large
role in making progress towards low energy buildings, only that it should be considered after first
reducing internal loads. Of the equipment efficiency measures considered in this work, increasing fan
efficiency from 45% to 65% and decreasing static pressure from 2.5 inO @b i2.25 in. of HO were

found to be the most cost effective choices given the NPV analysis in Table B-1.

The percent energy savings penalty given in Takldslthe decrease in energy savings that results from
removing any one measure from the minimum energy building. For example, the minimum energy
building achieves 102.4% energy savings. Removing daylighting has a 12.7% energy savings penalty;
therefore, the minimum energy building would achieve energy savings of 89.7 % without daylighting.

Note that the sum of the energy savings penalties is not equal to the minimum energy building savings
due to interactions between energy measures. Also, note that the percent energy savings penalty is not a
normalized metric and cannot be used to rank measures, only to compare their relative magnitude in this
work. One possible normalized metric would be energy savings divided by incremental capital cost,
which would be a measure of each energy efficiency measureOs cost-effectiveness. Additional
information for detailed analysis of the sensitivity of the minimum energy building to removal of each

energy measure is given in Table B-1.

Table 1-5 Energy Efficiency and PV Measure Components of Minimum Energy Building
Energy
Savings
Component Title-24 2005 Minimum Energy Building Penalty
(when
omitted)
Roof Table 3-10 .
= 0,
Roof Insulation? U=0.051 Increase to R30 c.i., (U =0.033). 1.7%
Steel Frame Table 3-11 Increase to R13 + R18 c.i.
! 0,
LoD Wall Insulation® U=0.217 (U =0.039). 6.0%
Reduce WWR to from 40% to 30%
Vertical Window to Wall Section 3.2.2 on East/West exposures. 0.4%
Glazing Ratio* 40% WWR Maximum (25% minimum recommended by 0
AEDG-SC for daylighting).
Window . Shade East, South, and West
’ ’ 0
Shadingl Section 3.2.6 with projection factor 0.5. 1.5%
Decrease North SHGC
Table 3-2
SHGC! North SHGC=0.47 Other gﬁggfgnfgir?.:tlé 31 for
Other SHGC=0.31 = ' 1.5%
daylighting.
U-Factor’ TSEIS 272 Decrease U-Factor from 0.47 to 0.35
3% of roof area in all occupied zones
Skvlight not daylit by windows.
Skylights yig Section 3.2.3 (Skylights not selected in particular NA
Fraction L
model due to adequate daylighting
from windows)
Table 3-3 Alternate skylight SHGC not
SHGC SHGC=0.36 considered in optimization. NA
Table 3-3 Reduced skylight U-Factor not
U-Factor U=0.68 considered in optimization. NA




Energy
Savings
Component Title-24 2005 Minimum Energy Building Penalty
(when
omitted)
Dimming controls with occupancy
Interior T - sensors on fixtures within 12 ft of o
Lighting Daylighting Section 5.2.1.4 N/S window or within 8 ft of skylight 12.7%
edge.
All Energy Star equipment
e, Plug Lo.adl.z - with sleep mode enabled, 3.5%
Loads Reduction P
(20% plug load reduction).
23 Standards: Table 112-A Increase EER from 11.9 to 13.6, o
e PSZ EER EER=10.1 Increase SEER from 14.2 to 16.7 0.6%
Gas Heating Standards: Table 112-F 0 - 0 0
Efficiencyz Et=75% Increase from 80% efficiency to 90% 1.0%
- Standards: Section Increase from 45% efficiency to o
Fan Efficiency 144-C 65%. 3.9%
Fan Static Standards: Section 124 Decrease from 3 in. to 2.5 in. 1.0%
Pressure
Energy Standards: Section Include ERYV with sensible and latent
Recovery 144-E . 0.3%
Ventilator? effectiveness of 0.5.
Motorized Standards: Section Replace gravity damper with 0.1%
Damper 150-M.7 motorized damper. '
Right Size Right-size HVAC system for loads,
H\g/]AC Section 4.6.1 (Minimum energy building showed NA
43% reduction in HVAC).
Building - .
Orientation | Azimuth and Sections 3.7 and 3.10 MaX|m|z_e N_orth/South Wm.dO\N? by 1.5%
Massing™ elongating in East/West direction.
assing
. L2 Include 390 kW of South-Facing o
Generation | Photovoltaics Photovoltaics at 38Y4 tilt. 60.0%

' Denotes EDMs for which value in Minimum Energy Building represents load reduction measure relative to
Baseline. Skylights considered load reduction measure only when necessary for daylighting and applied in
conjunction with daylighting controls.
% Denotes EDMs which increase NPV when removed from Minimum Energy Building. NPV of Minimum

Energy Building is -$236,259.

® SEER = (3.412*COP-2.0394)/0.697, from Carrier Corporation as referenced in "Deemed Savings, Installation

& Efficiency Standards: Commercial and Industrial Cooling Equipment,” prepared for the Public Utility

Commission of Texas by Nexant, Inc., May 2003, page 3. EER = 3.412*COP. Title 24 Standards: Table 112-
A lists the minimum EER for whole system; simulation model EER includes efficiency of compressor and

condenser only and will be higher than whole system EER as it does not include supply fan efficiency.

The work in this task has been limited to the most effective study for the available scope. A variety of

other energy efficiency measures may provide significant energy and demand savings but were not
included in this work. Some of these measures include: floors, slabs, doors, water heating, electro-

chromic windows, energy management systems, energy storage systems (such as ice storage), evaporative
cooling, and many others. The builder should not constrain their design to the recommendations in this
work. Rather these recommendations should be used as a starting point for energy efficient design.
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