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Executive Summary

This Technical Report sets forth evidence that a new muitifamily housing development that
proposes to reduce and control energy consumption through the building energy systems,
equipment and appliances resulis in greater energy efficiency and is more effectively
accomplished through a master metering arrangement where the property manager assumes
the responsibility for comprehensive energy efficient planning, integrated design,
implementation, operation and maintenance with the expenses offset by the energy cost
savings available from a master metering arrangement.

Specifically, an Energy Design Assistance process identifled and evaluated over 70 energy
strategies for the Altoona Towers multifamily housing project consisting of two 4 story
buildings with 103 residential apartments. Reduced energy consumption of 37% compared to
a pew energy code compliant baseline building was established using the DOE-2 building
energy simulation program 1o analyze the strategles. The energy savings increases to 40% by
including a package of supplemental energy strategies not evaluated by the energy simulation
program. The Energy Design Assistance process and building simulation modeling was
conducted by The Weidt Group under the Commercial New Construction Program sponsored
by MidAmerican Energy.

When supplemental energy savings are factored in, the predicted Site Energy Use Index of
36.6 kBTU/SF per year is exemplary for muitifamily housing, representing an energy reduction
of over 45% compared to a typical Midwest Region muitifamily apartment housing facility.
Considering the split incentive barrier inherant in traditional multifamily housing design and
construction projects, this level of reduced and controlled energy consumption is effectively
accomplished and economically feasible only through a master metering arrangement 4
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1. Introduction

This Technical Report documents the energy efficiency projects that Professional Property
Management, Inc. proposes to incorporate as part of Altoona Towers; a major new multifamily
housing/mixed use building project located in Altoona, lowa. The property management team
expects to continue an aggressive energy management policy for the design and construction of
this new project. However, significant economic and practical barriers are encountered as the
result of the electrical General Service requirement for individual metering of multi-occupancy
premises where units are separately rented pursuant to 199 IAC 20.3{1}b.

The objective of this report is to identify the energy efficiency, practical, technical and economic
considerations for an extremely energy efficient multifamily housing project as they apply to
electrical metering options; and evaluate where the benefits of reduced and controlied energy
consumption are more effectively accomplished through a master metering arrangement.

2. Background

Professional Property Management, Inc. (PPM) manages 53 multifamily housing buildings in the
Des Moines metro area totaling almost 1,500 apartment units and also dozens of buildings and
hundreds of units in Ames, [A. The Altoona Towers project would be the latest addition to this
significant multifamily property helding. The management team at PPM is committed to energy
efficiency as evidenced by a recent Energy Efficiency Demonstration project at the Sun Prairie
Apartment complex which reduced electric, natural gas and water consumption by 10.1%, 8.5%
and 54.2% respectively. PPM is aiso an Energy Star Partner, utilizing the resources of the Energy
Star Multifamily program to support their commitment to energy efficiency.

PPM was founded over 35 years ago by Keith Denner, President. Mr. Denner has a long and
distinguished track record of designing and managing energy efficient and cost effective
residential rental properties. Throughout his career Mr. Denner’s strategy has been to maximize
long term investments by building highly efficient properties that result in low maintenance and
low utility bills; and then securing financing for them at more attractive rates. Mr. Denner has
been documenting energy use and savings on PPM projects for over 30 vears. He is passionate
about energy efficiency and has received state and national recognition for his innovation and
commitment {0 energy efficiency.

Through the years, his projects have also garnered the support of many local trade allies,
developers and bankers, including members of Des Moines Homebuilders’ Association, real estate
developers, bank presidents, and property appraisers. References and contact information would

be made available as required for follow up confirmation of Professional Property Management, Inc

and Mr. Denner’s business practices.
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3. Altoona Towers Project Overview

The Altoona Towers project would be located on Adventureland Drive in Altoona, lowa and
consists of two 4 story buildings with the majority of the building sres assigned to multifamily
heusing. The A Building is proposed with 44 apartment units and would include administrative
office space and a cornmunity room on the first floor. The total area of Building A would be
55,600 gross square feet. Building B is larger at 74,400 gross square feet and would include 59
apartments on floors one through four. In addition Building B is proposed with a Health
Club/Fitness Center and 17 corporate extended stay {monthly lease) apartments on the first floor,
The Altoona Towers project would offer 103 residential apartment units plus 17 corporate
apartments for a total of 120 epartments and a nominal gross floor area of 130,000 square feet.

The two buildings would be essentially identical in construction, however the B Building would be
about 30% larger than the A Building. The general building systems design criteria includes:

+ Building Structure: Wood construction with stone veneer, insulated walls and attic floor
and foundation systams, casement type insulated glass windows.

* Heating/Cooling System: Individual HVAC systems with local thermostat control,
ventilation air and exhaust air for each apartment unit. Commercial space HVAC systems
with zone thermostat control, ventilation and exhaust air with heat recovery for high
exhaust situations such as the fitness center.

» Domestic Water Heating System: Between 30% and 40% of the total heating requirement
for an energy efficient apartment bullding is committed to heating domestic water. Basad
on successful past performance a centralized system using a high efficiency gas fired
hydronic boiler with integrated domestic water heater and storage tank was preferred.

» Lighting Systems: Combination of fluorescent and LED solid state lighting systems for
apartments, corridors, common areas and commercial spaces. Daylighting and occupancy
control for selected lighting applications. LED site lighting for parking lots, walkways and
bullding entrance and sidewal security lighting.

» Plumbing Systems: Low flow water closets, showers and sink faucets.

s Major Appliances: Refrigerator, Dishwasher, Clothes Washer/Dryer, Oven/Range and
Microwave for each residential apartment unit,

Natural Gas and Electric utility services would be provided by MidAmerican Energy. Under
MidAmerican’s Gas Metering Facilities requirements a master gas meter delivering gas for a
centralized domestic hot water system would be provided. The Gas Metering Facilities
requirements allow an exception to the individual meter measurement requirement for multi-
occupancy premises for gas used in centralized heating, cooling, or water heating.

The MidAmerican Electric Metering of Service requirements stipulate that electricity delivered to
multi-occupancy premises be measured on the basis of individual meter measurement for each

Altoona Towers/PPM Page 3



unit. An exception is allowed where individual metering is impractical. This Technical Report
documents that reduced and controlled energy consumption benefits are more effectively
accomplished through a master meter arrangement in support a waiver request for MidAmerican
Energy to allow master metering for this project.

Water and sewer services for the project would be provided by the City of Altoona through a
master water meter for each building,

Figure 3.1 Site Map

Altoona Towers/PPM Page 4



4. Energy Systems Design Approach

The goal of PPM management is to make the Altoona Towers project as energy efficient as
possible, while remaining practical, cost effective and make business sense for the property
owner. Successful energy efficiency measures from previous PPM multifamily housing projects
would be incorporated on this project. Efficiency technologies showcased as part of the recent
Energy and Water Efficiency Demonstration Project at the Sun Prairie Apartment Complex and
determined to be cost effective would be considered favorably for this project. In addition, new
technologies capable of further enhancing the energy efficiency of this project would be
evaluated. The desired end result would be to provide an attractive, high performance housing
package which provides energy efficiency as well as water efficiency; a healthy environment;
security; and high level communications and internet support for all apartment residents.

To effectively organize and evaluate the various energy efficiency options, the project design
team participated in the Commercial New Construction {CNC) Program available through
MidAmerican Energy. Under this program the Property Management and Maintenance
representatives; Project Design and Construction Team; MidAmerican Energy and The Weldt
Group worked together on the energy efficiency aspects of the proposed buildings. The CNC
Program provides energy design assistance through a customized whole building energy model
that simulates the operation and energy use for the proposed project. The simulation mode!
demonstrates which energy efficiency strategies have the most significant impact and are cost
effactive. The energy design assistance for the program was provided by The Weidt Group under
contract to MidAmerican Energy. Their assistance in providing data for this report is gratefully
acknowiedged.

The building simulation program used for the energy analysis was the DOE-2 energy model. The
DOE-2 building simulation program performs hour by hour thermal and luminous calculations on
the subject building using Des Moines, 1A DOE-2.2 Typical Meteorological Year {TMY) weather file.
The energy model is used for comparative analysis of the building envelope, mechanical HVAC,
lighting and control systems. The model is customized for the building layout, engineered
systems, operational characteristics, usage patterns, average weather conditions and utility rate
information. The DOE-2 program is considered the banchmark standard energy simulation
program for the building industry. The results of the building simulation energy analysis were
presented to the project team and documented in a series of reports and meeting memorandum.
The energy data contained in this report was derived directly from the DOE-2 energy model
results as presented to the project design and construction team in the CNC Program reports,

A baseline model establishes a benchmark for comparison of alternatives. The baseline model

provides a reference point for compliance based on the prevailing energy code and recognized
energy efficiency standards that apply to the project. These would include current versions of
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ASHRAE 90.1 Energy Standards for Buildings, the State Energy Code/international Energy
Conservation Code and the National Appliance Energy Conservation Act (NAECA).

As the basic building systems design evolved, the project team focused on energy strategies that
were practical, cost effective and consistent with the design goals. As the various energy
gfficiency strategies were developed for the project, they were analyzed for energy savings and
interaction effects through the building energy simulation model. Strategies were refined with
updated energy performance and construction cost data as information on systems, equipment
and installation became more precise. it should be noted that the information and data
contained in the Energy Design Assistance Reports and in this Technical Report reflect the
preliminary planning phases of the project and is subject to change as the final design and
construction phases proceed.

The Commercial New Construction evaluation of energy efficiency strategies was limited to the
strategies included in the CNC program analysis. This exclusion eliminated several strategies such
as night setback thermostats and exterior/site lighting from the building simulation energy
analysis. Several supplemental energy strategies were identified and evaluated independently
from the building simulation energy model.

An overview of the Commercial New Construction/Energy Design Assistance Program is included
in Appendix Section 1.1.A: CNC Energy Design Assistance introductory Materials. A detailed
description of the Energy Analysis Process including the DOE-2.2 building simulation program and
Baseline Energy Model is presented in Appendix Section 1.1.B: CNC Strategy Report.
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5. Energy Efficiency Strategies Description

The first group of energy efficiency strategies improve the building general service areas beyond
the baseline level and are expected to be incorporated in the final design. These include:

An exterior wall assembly with various materials, configurations and wall finishes add
architectural interest {0 the building and increase the importance of wall thermal
performance. Thermal and moisture integrity for the building envelope is maintained by a
innovative wall sheathing system with integrated moisture and air barrier {trade name ‘2IP
System Sheathing’).

An open cell spray foam insulation system fills the 2x6 wood framed wall cavity resulting in a
wall assembly thermal resistance approaching R-20. The spray foam insulation system
effectively seals any wall openings, essentially eliminating infiltration and air migration
through the wall and increasing the effectiveness of the insulation R-Value.

High performance vinyl casement windows with low-e insulating glass and exceeding Energy
Star requirements with a U-Factor of 0.27; Solar Heat Gain Coefficient (SHGC) of 0.25 and 0.44
visible transmittance. Casement type windows with latch compression seals have the lowest
operational leakage ratings of operable window types. The outward swing casement
windows also increase natural ventilation and are easy to monitor externally for problems or
inappropriate operation.

Design sliding glass doors with low-e insulating glass exceeding Energy Star requirements with
a U-Factor of 0.28; SHGC of .32 and 0.59 visible transmittance.

The integrated wall sheathing system, spray foam insulation system, low air leakage windows
and sfiding glass doors and guilted window shades contribute to tightly sealed building
envelope with extremely low air infiitration.

Stepped daylighting control of lights in stairwell landings and occupancy control of lights in
offices, public spaces, restrooms, laundry rooms, storage areas, fitness areas and other
COMMOon use areas.

High performance linear fluorescent and LED lighting to provide low lighting power densities
for public spaces.

High Efficiency air source heat pumps serving the community room, fitness center and other
common areas with a 16 SEER and 9 HSPF rating.

Total heat recovery ventilation system providing fresh air and exhaust air for the fitness |
center operating at 65% sensible and 65% latent effectiveness. |
Domestic water heating with a centralized, condensing high efficiency boiler coupled with an
indirect heat exchanger/storage tank system. The system operates at 92 to 94% efficiency.

Low water flow showerheads and low flow aerators on kitchen and bathroom sink faucets

reduce water heating energy and save water,

Building elevators with energy efficient regenerative drive systems reduce energy :
consumption,
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Strategies to reduce energy consumption for the residential apartment units are considered as a
second group and include the following additional strategies:

s Attic blown-in insulation system provides an R-50 insulation value over residential
apartment unit ceiling areas in contrast to the R-37 energy code requirement.

s Apartment lighting using linear and compact fluorescent lamps as well as LED solid state
lighting to achieve a low lighting power density of 0.43 watts per square foot; about 70%
less than typical residential lighting power densities,

* High efficiency, inverter driven, variable capacity, ducted mini-split air source heat pump
systems provide heating and cooling for the residential apartments at an HSPF of greater
than 11 and SEER of 20 at part load conditions. Performance ratings are over 40% better
for cooling and 26% for heating. Heat pumps also have a fan energy rating of 0.17 brake
horsepower per 1000 CFM capacity — 45% less fan operating energy than standard fan
systems.

s Energy Star qualified low energy bathroom exhaust fan with occupancy sensor control and
integrated LED lighting. These fans would be six times more efficient than a standard fan.

+ Afull complement of Energy Star appliances for each residential apartment: Refrigerators
rated 20% better than NAECA; Clothes washers with a 2.4 MEF; and Dishwashers rated at
275 kWH/yr or 22% over NAECA.

» Energy Star rated ceailing fan and light assembiies for the residential apartment units.

Two specialized energy strategies as applied to the residential apartment units were considered
separately:

* An alternate insulation strategy evaluated a high density, closed cell, wall insulation
system increasing the insulation value to R-25 or R-30.

s A sensor system interlocked with each apartment sliding glass door {o deactivate the
apartment heating and cocling system when the door was left open.

The proposed energy efficiency strategies were grouped or packaged into bundles for final energy
modeling and evaluation. The final bundle energy modeling results included the baseline
reference and three bundles of energy efficiency strategies:

» Baseline: Defines the building energy system criteria that conforms to current versions of
the State of lowa Energy Code; ASHRAE Energy Standard 90.1 and National Appliance
Energy Conservation Act. Provides an energy consumption reference point that is
compliant with building energy codes and meets federal standards for energy efficiency of
appliances and manufactured products,

+ Bundle 1: Describes the building energy system strategies that increase energy efficiency for
the general service areas; including: administrative office space, community room, fitness
center, corridors and common areas and other centralized services such as common laundry
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equipment and domestic hot water circulation. In general, these energy loads would be on
the general service or ‘house’ meter and not part of the energy metered to individual
apartment units. The utility bill energy costs would be paid by the property manager, and
any energy cost saving resulting from Implementation of these strategies is racovered to
offset the increased first cost of the energy efficiency strategies.

s Bundle 2: Describes the energy efficiency strategies that reduce and control energy
consumption for the 103 individual residential apartment units that are rented separately.
The energy model segregates the energy use for the residential apartments, applies
individual tenant electric meters and excludes that energy from the general service house
meter. Under this scenario, the increased first cost of the energy efficiency strategies
would be paid by the property manager. With a master metering arrangement the
property manager would be able to offset the increased first costs by energy cost savings.
With individual tenant meters the tenant would benefit directly from related energy cost
savings and the incentive for the property manager to invest in energy efficiency
disappears. |

* Bundle 3: Includes the two specializad building energy system strategies that provide
increased opportunity for energy savings, but with questionable practical and economic
feasibility. The alternate insulation strategy significantly increased construction first costs,
and resulted in a simple payback of over 60 years. The second Bundle 3 strategy
evaluated a sensor system interiocked with each apartment sliding glass door to
deactivate the apartment heating and cooling system when the door was left open. This
strategy also had a very high construction cost and a simple payback approaching 200
years. 1t was not further considered upon determining that a deactivated heating system
with the sliding glass door open may result in below freezing conditions In the effected
apartment. i

In addition to the strategies described under Bundles 1, 2, and 3 above, several Supplemental
energy and water efficiency strategies were identified for implementation on the project:

» Retractable insulating quilted window coverings for all residential apartment unit :
windows and sliding glass doors reduce infiltration and glass transmission energy losses. ‘
This strategy has demonstrated its effectiveness on other PPM managed residential
rental properties. While the tenant has a choice on using the window coverings, they
are the primary means of providing privacy and therefore are generally apen during
normal days and pulled down at night, thus significantly reducing nighttime heat
loss/heat gain. They also effectively provide solar control, keeping apartments cooler |
during the summer. Field observations at other PPM properties note that the window
covering quilts are down approximately 85% of the time. This strategy was not eligible '
for MidAmerican efficiency incentives and therefore not included Bundle analysis energy
saving totals.
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* Reduced building infiltraticn and air migration resulting from continuous spray foam
insulation systems; air and moisture barriers placed in ceilings and walls; extensive
caulking and sealing of building joints and wall/ceiling penetrations; and slightly positive
building pressurization from outside ventilation air inlets. These measures all serve to
tightly seal the individual apartments and substantially reduce outside air leakage. Field
testing of each residential apartment with blower door infiltration measuring equipment
was required for this strategy to qualify for efficiency incentives. Since the substantial
expense of the field testing would render the strategy as not cost effective, it was
resolved that the strategy would be implemented without the active field testing and
without the incentive.

« Upgrading to an Energy Star Qualified Bathroom Exhaust Fan 4 watt nightlight with 2 0.8
watt LED nightlight. Perhaps not significant for a single fan, but considering the load
factor of 120 apartment units and nightlight operating hours, the small improvement still
accumulates energy savings.

* Ventless clothes dryers for each residential apartment unit condense the moisture in the
airstream exiting the dryer, discharging the moisture into the washer standpipe and |
recircutating the air to the space. For a traditional clothes dryer, between 3,000 to 9,000 '
cubic feet of room air may be used and exhausted to the outside for each load of clothes :
dried. The ventless dryer avoids exhausting the dryer vent to cutside, eliminates the
infiltration/makeup air requirement and the need for heating and cooling that makeup air.

While clothes dryers are not yet Energy Star rated, Energy Star has developed a scoping
report to assess energy use and savings potential in clothes drying technologies to
prioritize future development work.

* Range with Convection Oven capability which evenly circulates heated air around the food,
allowing lower oven temperatures and a 30% reduction in cooking time. This translates to
about a 20 to 30% reduction in cooking energy for a convection oven. At this time Ranges
and Ovens are not Energy Star rated.

+ High efficiency LED Solid State exterior/site lighting is proposed for all facility walkways,
parking lots, building security and canopy lighting. The proposed exterior lighting
includes ambient light sensor photocells and motion detectors to further minimize
fighting energy. In addition to improving lighting efficiency, the LED Solid State lighting
system substantially improves lighting quality over traditional high pressure sodium and
metal halide exterior lighting systems. A separate energy evaluation of exterior/site
lighting was required due to the exclusion of exterior lighting from the CNC program.

* Water Efficiency strategies including Low Flow Toilets operating at 0.8 gallons per flush;
Shower heads at 1.5 gallons per minute flow; and low flow aerators for kitchen and
bathroom faucets.

These supplemental strategies further reduce energy consumption. The first five supplemental
strategies impact the individual apartment units and have been evaluated independently from the
building simulation program. The energy savings and costs for those five strategies have been
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combined and shown as a separate line item in the energy results section as described later in this
report. The energy savings associated with the exterior/site lighting is not considered building
energy by industry definitions and not eligible under the CNC program. For those reasons it is not
included as part of the building simulation program results.

A comprehensive description of the energy efficient strategies, related performance and
operating characteristics, baseline references and energy savings potential is presented in Report
Appendix Section 1.1.B: CNC Strategy Report. Preliminary Building Plan sets showing the
Building, HVAC, Plumbing, Electrical and Lighting systems and details are included in Appendix
Section 2.1: Altoona Towers Building Plan Sets. Detailed Technical Information on the building
systems, equipment and appliances proposed for the project is compiled by building system
category in Appendix Section 2.2: Energy Systems and Equipment Technical Information.
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6. Building Energy Simulation Model Results

The DOE 2.2 building energy simulation model used through the CNC Energy Design Assistance
Program provides sophisticated predictions of energy use and energy savings for buildings that
have not been buiit. The baseline model establishes a reference point against a new energy code
compliant building. The three Bundles of energy strategies are compared to the Baseline to
determine energy reduction. The Supplemental energy strategies were evaluated independently
and combined with Bundle 2 as a separate package. Results of the building energy simulation for
total combined site energy are shown in Figure 6.1 as measured in MMBTU (million BTU).

Figure 6.1 Total Annual Site Energy — All Sources

Ener Total Site Energy Savings % Energy Site Energy
st f: Energy ta Baseline Reduction to Use Index
ralegy BTU x 10° BTU x 10° Baseline KBTU/SE
Basetine 7,914 --- --- 60.5
Bundle 1 6,932 981 12% 53.0
Bundie 2 4,967 2,946 37% 38.0
Bundlie 3 4,876 3,037 38% 37.3
Bundie 2 w/ 4,788 3,126 40% 36.6

Supplemental

Implementing all of the Bundle 1 energy strategies that impact the general service or house meter
result in a 12% energy reduction compared to the Baseline reference. When the Bundie 2
strategies which incorporate all of the energy strategies for the individual residential apartments
are included, the energy use reduction becomes 37% against Baseline energy use. Combining
Bundle 2 energy strategies with the Supplemental energy strategies results in a 40% reduction in
energy use compared to the Baseline ~ a significant energy reduction for implementing the
individual apartment rental units energy strategies.

The Site Energy Use Index measured in kBTU/SF {thousands BTUs per square foot gross building
area) is a useful benchmark for evaluating energy use intensity when comparing the energy
efficiency of similar buildings. The baseline building is modeled to be compliant with current
building energy codes and operating with equipment, fixtures and appliances meeting federal
energy standards for manufactured devices for a new building. Comparing the baseline Site
Energy Use Index of 60.5 kBTU/SF to the 38.0 kBTU/SF for Bundle 2 combined general
service/tenant energy strategies represents a substantial reduction of 37% or 22,5 kBTU/SE per
year. When the Supplemental energy strategies are included the Site Energy Use Index drops to
36.6 kBTU/SF ~or 40% less energy use.

The average Site Energy Consumption for a Midwest region multifamily apartment in 5 or more
unit buildings is 66.0 kBTU per square foot {reference 2009 Residential Energy Consumption
survey, U.S. Energy information Administration). Energy Bundle 1 at 53.0 kBTU/SF represents a
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20% reduction from the Midwest region average; Bundle 2 represents a reduction of over 42%;
and Bundle 2 with Supplemental energy strategies results in a 45% reduction in energy use from
the Midwest region multifamily average. This metric represents a substantial energy reduction
against the average energy performance of comparable multifamily housing facilities in the region.

Natural gas energy accounts for less than 20% of the total annual site energy, the remainder being

electrical energy. Figure 6.2 shows the natural gas energy use predicted by the energy model as
measured in Therms (100,000 BTUs).

Figure 6.2 Annual Natural Gas Energy

Energy Natural Gas Natur‘al Gas % Nat Gas % Centralized
Strategy Use Savmgs Redscti?n to ﬂomestic; Water
Therms Therms Baseline Heating
Baseline 15,771 - --- 100%
Bundle 1 9,438 6,333 40% 100%
Bundle 2 7,812 7,959 50% 100%
Bundle 3 7,812 7,859 50% 100%

Natural gas energy is used only by the centralized service water heating system to provide domestic
hot water for the individual residence apartments, common rest rooms, Community Room and
fitness center. The natural gas energy reduction of 40% from Baseline to Bundie 1 represents the
energy effect of centralized service water heating using a condensing hydronic boiler and indirect
heat exchanger/storage tank system operating at 92 to 94% efficiency along with low flow shower
heads and sink faucets. The energy reduction of 50% for Bundle 2 adds the impact of Energy Star
clothes washers and dish washers in the individual residence apartment units. The Supplemental
strategies do not involve the centralized water heating system or natural gas energy use.

Due to the application of electric heat pumps for space heating and cooling, electric energy use
accounts for over 80% of the total annual site energy. Results of the building energy simulation
model for electric energy and demand are shown in Figure 6.3.

Figure 6.3 Annual Electric Energy and Demand

Enera Total Electric % Electric Electric Demand % Demand
Str f: Electric Savings Reduction Demand Savings Reduction
ategy KWH KWH to Baseline KW KW to Baseline
Baseline 1,857,162 - o-- 398 .- .
Bundle 1 1,755,085 102,077 5% 375 23 6%
Bundle 2 1,226,960 630,202 34% 267 131 33%
Bundle 3 1,200,249 656,913 359 265 133 33%
Bundle 2 w/ 1,173,324 683,838 38% 764 132 34%

Supplementsl
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On the electric side, Bundle 1 energy strategies produce an electrical energy savings of over 5% and
a demand savings of 6% compared to Baseline energy use. A 34% energy reduction and 33%
demand reduction occurs when Bundle 2 is included. Adding the Supplemental strategies increases
the total annual electrical savings to just under 684 MWH or a reduction of 38% from baseline. This
energy savings demonstrates the major impact of energy strategies applied to the individual
apartment units when compared to the general/house savings. The electrical demand reduction of
132 kW ~ of which 109 kW is attributed to the residential apartments — is credited to the very high
efficiency mini-split heat pump air conditioning units serving the apartments. The demand
reduction is would be expected te occur late afternoon through early evening, consistent with utility
peaks and with field measured demand recording conducted on other PPM apartment buildings.

The individual residential apartment energy use is established separately from the general service
or house electric use by the building simulation model. Figure 6.4 indicates the electric energy
breakdown between the general service/hcuse electric use and the combined total electric use for
the individual residential apartments. The significant majority — approximately 80-85% ~ of the
total electric energy in kWH goes 10 the individual tenant meters with the remaining 15%
consumed through the general/house electric meter.

Figure 6.4 Electric Energy Breakdown — General/House to Residential/Apartment
Gen/House % %

en/Hous ) Residential  Residential . ]
Energy Geﬂ / afx se Electric Gen/House eside _t a eside ,t l _ Residential
Electric . . Electric Elec Savings .
Strategy Savings Reduction Reduction
kWH . kwH kWH .
kWH to Baseline fo Baseline
Baseline 304,578 - - 1,552,587 S -
Bundle 1 238,692 65,883 22% 1,516,393 36,194 2%
Bundle 2 226,988 77,587 25% 989,972 552,615 36%
Bundle 3 220,846 83,729 27% 979,403 573,184 37%

Considering the residential/apartment only electric energy savings of over 552 MWH and 36%
reduction to Baseline comparison for Bundle 2; Figure 6.4 clearly indicates the significant energy
reduction potential of the energy strategies applied to the individual residential apartments. The
extremely high efficiency heat pumps, fluorescent/LED lighting systems and Energy Star appliances
assigned to the apartments are the primary contributors to the significant energy reduction.

The building simulation model determines the energy use of individual component energy loads to
arrive at the total energy use described above. The individual end use components include:
Heating, Cooling, Fan/Pump, Service/Domestic Water Heating, Lights and Equipment . The
Equipment load category includes all major and minor appliances, consumer electronics,
computers, building elevator, fire alarm and security systems along with all electrical outlet or plug
loads down to cell phone chargers. Figure 6.5 shows the Annual Energy Consumption by End Use
categories,
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Figure 6.5 Annual Energy Consumption by End Use
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The greatest energy savings by percent for Bundle 1 end use are Service Water Heating {SWH) and
Lights/Lighting Control. For Bundle 2 {and Bundle 2 with Supplemental) all end use categories
have significant reductions with the highest energy reduction by Lights, followed by Cooling,
Fan/Pump, Service Water Heating, Heating and Equipment loads; in order of percent reduction to
Baseline End Use. '
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7. Energy Economics

The building simulation model assigns the annual energy cost of individual component energy loads
with the results shown in Figure 7.1. Savings are shown in almost all categories with the largest
reduction in Lights, followed closely by Heating, Cooling, and Fan/Pump energy. The reduction in
energy cost for implementing the Bundle 2 apartment strategies is almost $40,000 per year. Energy
Cost Savings are influenced by electric rate schedules ~ for the individually metered Residential rate

schedules, less electric energy is used but the unit cost of energy is higher.

Figure 7.1 Annual Energy Cost by End Use
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Implementing the various energy strategies increases project construction costs. To help offset
additional construction costs MidAmerican Energy offers cash incentives for building owners to
invest in energy efficiency under the Commercial New Construction program. The incremental
construction cost is recoveread by the potential reduction in annual energy costs. From a business
perspective, the investment in energy efficiency is returned through reduced monthly energy
expenses. A basic energy economics metric is simple payback, or the period of time required to
recover the initial investment. Figure 7.2 provides a summary of additional construction costs,
energy cost savings and simple payback for each of the Bundles compared to the Baseline.

Figure 7.2 Energy Economics Summary

8
incremental Estimated Adjusted Annual imple Simple
Energy Payback Payback
Construction MidAmerican Incremental  Energy Cost
Strategy Tenant Master
Cost Incentive Cost Savings
Meter Meter
Bundie 1 564,851 510,766 $54,085 58,254 5.Byrs B8 yrs
Bundie 2 $356,501 $103,815 5253,088 $39,473 No Pavhack 6.4 yrs
Bundle 3 $480,653 $110,892 $389,761 $40,633 No Payback 8.1 yrs
Bundie 2 w/ $407,901 $103,815 $304,086 $42,991  NoPayback  7.1yrs

Altoona Towers/PPM

Supplemental

Bundle 1 representing the energy efficiency strategies under the common building areas
represents a modest increase in first costs with a reasonable payback. The Bundle 2 energy
efficiency strategies as applied 10 the tenant residential areas have significant additional first cost
and provide a larger utility incentive. The Bundle 2 with Supplemental energy strategies adds a
small amount to the incremental cost and does not increase the incentive over Bundle 2. For
Bundle 2; Bundle 3 and Bundle 2 with Supplemental there is no payback on the energy investment
for the property owner under individual tenant metering and an attractive payback with master
metering. The Bundle 3 strategies were rejected due 1o excessive first cost/payback and
technical/operational feasibility as previously described.

It should be noted that the annual energy cost savings amount is calculated based on the
summation of individual tenant meter energy savings applying MidAmerican Energy Rate Schedule
RHS (Residential Apartment with Electric Space Heating}. Under a master meter arrangement the
Large General Service Rate Schedule would apply, resulting in about $31,000 annuai cost savings
with a 8 year payback on Bundle 2,

The annual energy cost savings of 6% for Bundie 1 is modest compared to the 30% cost savings for
incorporating Bundie 1, Bundle 2 and the Supplemental strategies. With a 30% energy cost
reduction for Bundle 2 with Supplemental, improving energy efficiency in residential apartments
becomes an excellent energy investment opportunity under master metering.
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While a fower unit cost for electricity would be available under a master metering arrangement,
electrical demand charges would apply. The largest cost savings with master metering would be
eliminating the $9.14 Fixed Monthly Charge for each tenant meter. Eliminating the fixed monthly
charge for 103 apartments franslates to a cost savings of over $11,000 per year. This fixed charge
is constant and cannot be translated into energy cost savings.

Energy Star Program Participation

PPM has joined Energy Star as a Partner, making a commitment to protect the environment
through the continuous improvement of their energy performance and utilizing the resources of
the various Energy Star programs,

The Energy Star Portfolio Manager tool has been used by PPM to document electric, natural gas and
water utility data to assist with evaluation of energy use and cost for other selected rental
properties. PPM anticipates that the electric, natural gas and water utilities and related
energy/facility management aspects for the Altoona Towers project would be tracked on the
updated Energy Star Portfolio Manager tool for Multifamily Housing. These energy use records

would also be made available to other interested parties for energy review and evaluation purposes.

The Altoona Towers project would be eligible for the EPA Energy Star Multifamily New
Construction Program under the Multifamily High Rise category. To earn the Energy Star in that
category the building must fulfill Energy Star Prerequisites in 9 building energy system categories,
meet Performance Target requirements and be verified and field tested in accordance with
Energy Star protocols. The proposed Altoona Towers building design meets or exceeds the
prerequisites in all 9 building energy system categories as applicable. The Energy Star
Performance Target is 15% energy cost savings over ASHRAE 90.1 Energy Standard baseling. That
baseline is similar to the baseline mode! developed under the CNC Energy Design Assistance
program. The implementation of the energy strategies under Bundle 1 and 2 result in an energy
cost savings of 30%, or double the Energy Star Performance Target minimum level. The extensive
administrative and documentation requirements are being evaluated by PPM before proceeding
with Energy Star application paperwork.

The Energy Star Portfolic Manager Target Finder tool was considered to set energy targets and
establish an Energy Star score for the Altoona Towaers project. The Target Finder tool benchmarks
predicted energy performance of the proposed building against a database of comparable
buildings to determine a rating score indicating relative energy performance. Unfortunately, the
Target Finder database does not allow for multifamily housing buildings to generate an Enargy
Star score at this time.
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9. Management, Operation and Maintenance Aspects

The long term sustainability of energy efficient strategies is closely tied to effective management
and ongoing operation and maintenance of the facility. Professional Property Management has a
25 year history in managing energy efficient multifamily housing projects and understands the
operation and maintenance commitment necessary for energy efficiency to succeed. The
Maintenance Manager for PPM properties provided valuable input on energy strategies and
related maintenance as a member of the CNC Energy Design Project Team planning sessions.

Examples of Management, Operation and Maintenance procedures that would be adopted by
PPM to ensure continuing energy efficiency under a master metering arrangement include:

Provide replacement high efficiency fluorescent, CFL or LED lamps for tenants without
charge for the duration of their rental agreement. This would apply to the tenants’
personal light fixtures as well as the permanent apartment light fixtures. Compared to the
cost and inconvenienge of purchasing a standard lamp on their own, the tenant has a
strong incentive to continue using the high efficiency light source. Since PPM would be
responsible for electric costs under master metering and is able to bulk purchase quality
lamps at a reduced cost, it is in their best interest to control energy consumption utilizing
high efficiency lamps.

Provide permanent buliding and apartment light fixtures designed with pin type lamp
bases to prevent lamp replacement with standard lamps. This works with the above item
to control energy consumption.

Replace the standard incandescent lamps provided with refrigerators and microwave
ovens with low wattage LED lamps.

inspect HVAC equipment and change the heating/cooling equipment air filters at routine
intervals to maintain unit efficiency. Dirty, clogged air filters can result in an energy and
performance penalty of up to 15%. Tenants are not likely to meticulously inspect and
change alir filters. Routine air filter replacement by facility maintenance serves to maintain
the ultra-high efficiency of the heating/cooling units and extend the life of the equipment.
Monitor the construction phase with a dedicated construction inspector whase particular
emphasis would be window installation, building insulation systems, sheathing, air
infiltration control, and other building envelope energy strategies. The on-site
construction reviews would help ensure proper installation technigques further supporting
the long term energy performance and sustainability of the project.

Maintain records of energy use to track energy performance, monitor energy use paiterns,
identify variations and assist in diagnosing shortcomings in energy performance. Various
tools including Energy Star Portfolio Manager could be used to benchmark energy
performance.
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An energy and environmental awareness program would be included with the management
operational strategy for the apartment compiex. The objective would be to inform and educate
the tenant popuiation on the impertance of energy efficiency and the impact on global warming,
reducing CO, emissions and related environmental issues. The exemplary energy efficiency and
environmental design aspects of the apartment complex would call attention to the topic for
prospective tenants. The CFL/LED replacement lamp program for tenants would serve as a focal |
point to educate tenants on their role in energy efficiency and the environment. The benefits of
Energy Star televisions, audio/video systems, computers, printers and other personal electronic
items would be promoted using Energy Ster Partner materials and other publications to inform
tenants considering the purchase of these items. Energy efficiency tips concerning proper
operation of lighting, heating, air conditioning and ventilation systems, clothes washers and
dryers, etc. would be publicized to make tenants aware of their personal contribution to control
energy use and support the environment.

A detailed evaluation of another PPM property identified two major secondary considerations
refating to the energy and water efficiency benefits. The high efficiency lighting, heating/cooling
equipment and Energy Star appliances are generally more durable, higher quality and include
more features than standard builder grade equipment and appliances. As a result the energy
efficiency strategies provide for longer equipment life and reduced operation and maintenance
coOsts.

PPM has extensive past experience in monitoring and managing the master metered natural gas
and water service utility expenses for multifamily housing projects. The process includes closely
moenitoring master metered utilities, equitably assessing and pro-rating those expenses into the
rental cost basis for individual apartment types. That process would also be applied to the master
metered electric utility expenses for this project. PPM’s commitment to energy efficiency
coupled with diligence in monitoring and managing energy expenditures allows PPM to guarantee
in writing tenant utility bills to not average over 530 for a one bedroom, $35 for a two bedroom;
and $45 for a three bedroom apartment at Sun Prairie Apartment Complex, West Des Moines, [A.

The final step in the CNC Energy Design Assistance program is verification, which includes: a
review of final construction documents, plans and specifications; and on-site physical verification
of energy efficient strategies implemented. Specifics on this step are detailed in Appendix Section
1.1.D CNC Bundle Requirements Document. This step would be completed for the Altoona
Towers project prior to occupancy.
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10. Practicality of Master Metering for Altoona Towers Apartments

The MidAmerican Electric Metering of Service requirements stipulate that electricity delivered to
multi-occupancy premises be measured on the basis of individual meter measurement for each
unit. This requirement is derived from 199 IAC 20.3{1)b.{4). Exceptions are allowed where
individual metering is impractical. As described by the electrical service requirements, a specific
definition of impractical means: where the benefits of individual metering {reduced and
controlled energy consumption) are more effectively accomplished through a master meter
arrangement.

This report substantiates a case that reduced and controlled energy consumption by the building
systems, equipment and occupants Is rmore effectively accomplished through a master metering
arrangement where the property manager assumes the responsibility for comprehensive energy
efficiency planning, integrated systems design, implementation, operation, maintenance and
management operations with the expenses offset by the energy cost savings available from a
master metering arrangement.

Residential rental property managers are reluctant to invest in energy efficiency improvements
when the tenant directly receives the energy savings benefit by paying the energy bill under
tenant metering requirements. Tenants do not make energy efficiency investments in property
they do not own. Serious reduction of energy use and cost requires a significant investment in
energy efficiency measures on the tenant side of the electric utility meter. This dynamic is
commonly referred to as the “split incentive” barrier to energy efficiency. Report Section 7 -
Energy Economics; Figure 7.2 puts hard numbers to the attractive energy investment situation for
the Altoona Towers project. Reduced and controlled energy consumption is effectively
accomplished by implementation of the Bundle 2 and supplemental energy efficiency strategies
with master metering. With an individual tenant metering arrangement the ‘No Payback’
designation eliminates the economic incentive for the property owner to invest in energy
efficiency. The potential for reduced and controlled energy consumption at an effective level of
40% less than a new, current energy code compliant baseline building is diminished or lost.

It appears the intended benefit of individual tenant metering is reduced and controlled energy
consumption ~ presumably implemented by a tenant with a desire to save energy. Opportunities
for a tenant in a new residential apartment to seriously reduce and contrel energy consumption
are limited on a practical basis. They may include: adjusting thermostat settings; turning off
lights; replacing lamps with CFL or LED type lamps; sealing and draft stopping doors and windows;
closing drapes at night; purchasing computers, TVs and other consumer electronics with an
Energy Star label; reducing hot water usage for showers and clothes washing; and with other
behavior modification strategies. The Energy Efficiency Rating System for Rental Properties
prepared by Alliant Energy provides a numerical rating system for prospective tenants. The
Altoona Towers project would score the maximum points in all applicable categories on that
rating system. A review of the Energy Star Top 10 Tips for Renters and the Energy Savings Tips for
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Renters produced by the Wisconsin Focus on Energy program provide an appropriate perspective
on the energy reduction possibilities under the control of the tenants. While those lists have
many good suggestions, many of the items are precluded by the energy efficiency strategies
proposed for the PPM Altoona Towers project; and it is improbable that they would equate to a
40% reduction in energy. For details refer to Appendix Section 3.D ~ Energy Saving Tips for
Apartments.

The current emphasis on building energy systems shifts the paradigm to energy efficiency,
integrated design, occupant comfort and high performance “green” buildings, Almost all of the
current energy using residential equipment such as heating and air conditioning units,
refrigerators, clothes washers, lighting systems, water heating, etc., consume 25% to 75% less
energy than their predecessors of several years ago. A high performance building envelope,
systematic application of high efficiency equipment combined with effective control results in the
40% energy reduction predicted by the DOE-2 building energy simulation program. The impact of
that reduction overwhelms the potential for tenants to reduce and control energy consumption
on an individual basis. Itis highly unlikely that the intense combined energy conserving efforts of
ali 200+ individual tenants in the apartment complex would be able to generate the equivalent
40% reduction in total energy consumption.

Consider major appliances as an example. Under a master meter arrangement the Energy Star
rated refrigerator, dishwasher and clothes washer proposed for the Altoona Towers apartment
units will produce a total energy savings of 312 million BTU per year (electric and gas for the
central domestic water heater; not including water savings) or about $3,461 based on the data
presented in the CNC Energy Analysis Bundle Report. With an individual tenant electrical metering
arrangement and standard efficiency appliances, it would be impractical for the individual tenants
to make up the 312 million BTU / $3,461 per vear difference by controlling the appliance energy
consumption. In this case the tenant has discretionary control only over the use of the appliance,
not the efficiency of the appliance. Energy efficient appliances are passive ~ little if any tenant
input is required to reduce or control energy consumption. The tenant’s options to reduce and
control energy consumption for a standard efficiency major appliance are limited. In general, the
tenants use those appliances for their intended purpose with discretionary control dependent on
the individual tenant’s energy awareness and personal level of commitment — the tenant who is
aware and committed most likely continues those habits independent of the specific efficiency of
the appliance. The tenant has very little economic incentive to purchase a new energy efficient
refrigerator or other appliance for a rental residence. In contrast, the property manager may
have a purchasing advantage with a large quantity of premium appliances helping to reduce first
cost; as is the case for PPM. As 3 practical matter, reduced and controlled energy consumption is
more effectively accomplished with high efficiency appliances served through a master meter
arrangement. The long term energy and environmental benefits over the life of the appliance
favors master metering with energy efficient appliances.
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The heating/cooling systems for the apartments are another example. The energy related cost of
heating/cooling is slightly over 50% of the apartments annual energy cost based on the Altoona
Towers project energy model. The heating/cooling energy is significantly reduced due to the high
energy performance of the walls, windows, quilted shades and attic insulation building envelope
components used on the prolect. The mini-split, alr source heat pump system proposedis a
relatively new energy efficient technology offering serious heating and cooling energy savings for
residential type applications. A research project at the National Renewable Energy Lab (NREL)
documents the efficiency of the mini-split heat pumps {(NREL Research summary included in
Appendix Section 2.2.C.2). For the Altoona Towers project a typical two bedroom apartment
requires a single high efficiency, inverter drive, mini-split heat pump unit with a nominal capacity
of one ton under a master metering arrangement. With an air conditioning SEER (Seasonal
Energy Efficiency Ratio} of 20, a HSPF {Heating Season Performance Factor) of 11.5 and a low
power, variable speed fan; the total heat/cool/fan energy consumption is estimated at 5,337 kWH
per year for a typical apartment. The baseline system meeting current heating/cooling/fan
energy standards is predicted to consume 8,647 kWH per year for a typical apartment unit with
individual tenant metering. For the Altoona Towers project, this represents an estimated 340,000
kWH per year with a 63 kW peak electrical demand reduction and an annual energy cost
reduction of almost $20,000 for this very effective energy efficiency strategy.

For the apartment heating/cooling systems the tenant only has control over the temperature
setting, not the unit SEER/HSPF. Should the tenant be inclined to operate the standard efficiency
baseline heat pump unit at an aggressive and consistent setback temperature of 5°F during
unoccupied periods and during ali seasons, the predicted energy reduction would be 5% {based
on 1% per degree savings over an 8 hour setback}, or approximately 432 kWH per year for af
heating and cooling energy. Compared to the energy reduction of 3,310 kWH per year (nearly 8
times the savings) for installing high performance mini-split heat pumps with master metering it
becomes evident that the reduced and controlied energy consumption of the high efficiency unit
is more effectively accomplished as a benefit of a master meter arrangement.

Another significant energy category for the apartment units is the lighting systems. The lighting
systems employ LED and CFL lighting; T-8 fluorescent tube lighting; along with extensive use of
motion detectors and light level sensors for control. These high performance lighting systems
consume less than one fourth the energy of their traditional incandescent counterparts, Efficient
lighting strategies apply to all lighting systems at Altoona Towers, including table famps owned by
the tenant and exterior/site lighting. The property manager’s incentive is to provide long life,
high efficiency LED, CFL; fluorescent lighting sources and lighting control through master
metering. To ensure the sustainability of the high efficiency lighting, pin type lamp bases are
proposed for all possible LED and CFL lamps to prevent replacement with standard incandescent
screw base lamps. Replacement lamps would be made available to the tenant at no cost as part
of the high efficiency, master metering lighting strategy. The proposed long life, high efficiency
lighting system effectively reduces and controls energy consumption through master metering,
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As part of an energy efficiency pilot project at the PPM Sun Prairie Apartment Complex some
apartment buildings were retrofitted with Energy Star appliance and air conditioning units,
An alternative leasing arrangement provided for lendlord paid electric utilities for these high
efficiency apartments. Standard efficiency apartments remained as tenant paid electrical
utilities. The electrical demand was recorded over a one week hot, summer period for both
the high efficiency and standard efficiency near identical 36 unit apartment buildings. The
high efficiency, landlord-paid building required a peak electrical demand of 36 kW compared
to 46 kW for the standard efficiency building with tenant paid utilities. This represents a
reduction of 10 kW or 20% in electrical demand. A preliminary evaluation pointed toward a 2
to 10% reduction in electrical use for the landlord paid utilities apartment building.

The above presents several examples where the benefits of reduced and controtied energy
consumption are more effectively accomplished through a master meter arrangement. With
energy efficiency as priority design consideration for the project, numerous similar situations and
conditions exist throughout the project. The bottom line result is that the building energy
simulation model predicts 40% less energy use than a basaline new building for inclusion of the
permanent building and apartment energy strategies.

The benefits of master metering have been incorporated for the natural gas service to provide
centralized domestic water heating for the apartments. The centralized system combines
engineering design efficiency and energy efficiency with energy and operational benefits for the
property owner, tenant and gas utility to provide a 50% reduction in natural gas consumption. It
also serves as an exampie of how energy efficiency can be extended to the electrical service.

A practical management and administrative benefit of master metering is eliminating the need to
issue and collect over 100 individual electric utility billings for the project. Only one billing would
go to the property manager, who would then be responsible for the entire payment. The utility
company would not be providing individual billing statements, payment processing and non-
payment follow up with individual tenants. Alsc, the utility company would be relieved of making
the numerous meter reads, service connects and disconnects required to maintain electric service
for each individual apartment in a rental environment that typically has turnover,

Another issue of interest is that the conversion to master metering would result in paymentof a
6% sales tax on electrical energy costs for commercial energy service that is not assessed against
individual metering of a residential service. The sales taxes are of benefit to local and state
governments at a cost to the property manager.
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11. Summary and Conclusions

The Altoona Towers Apartment complex as proposed is extremely energy efficlent. The project
will set a precedent for privately deveioped, energy efficient multifamily housing in lowa and the
Midwest. The comprehensive energy planning process challenged the property manager,
maintenance managers, project design team, contractors for the major trades, utility company
and specialized energy consuitants to create a new energy efficient, cost effective, and practical :
multifamily apartment facility. The result is a project approach and implementation of energy
strategies that is exemplary and can serve as an example to other multifamily housing developers.

The overall energy efficiency achievements for the project include:

s Leadership from the property manager and comprehensive energy planning with the
project design team

» Energy Design assistance through the MidAmerican Energy Commercial New Construction
program using a DOE-2 building simulation program to predict energy savings

+ Proposed implementation of over 40 energy strategies in the categories of building
envelope, lighting, heating/cooling, equipment and appliances.

s Exclusive use of Energy Star certified appliances and equipment.

s Potential for an annual energy reduction of 7,959 therms natural gas, 683,838 kWH
electricity and 132 kW electric demand

s Reduced energy consumption of 40% compared 10 a new energy code compliant baseline
building

s Exemplary predicted Site Energy Use Index of 36.6 kBTU/SF - an energy reduction of over
45% compared to a typical Midwest Region multifamily apartment housing facility

*  Meets or exceeds all criteria for an EPA Energy Star rating for Multifamily New Construction

s Reduction in global greenhouse gasses of 514 metric tons ~ or equivalent to 100 cars off the
road for a year; reduction in CO; emissions egual to the energy use of 47 homes for a year.

+ Carryover of energy efficiency to water efficiency strategies to reduce water usage ~ and
the ambedded energy in water and wastewater treatment

The energy savings from implementing the Bundle 2 with Supplemental energy strategies targeting
tenant electric energy use result in an annual energy reduction of 581,761 kWH for tenant
apartments, or 85% of the total buliding energy savings. This level of reduced and controlied
energy consumption is effectively accomplished through a master metering arrangement and
overwhelms the potential for individual apartment tenants to effectively reduce and contro! energy
consumption by their actions through individual metering.

It is respectfully requested that a waiver be allowed of 199 1AC 20.3{1}{b) regarding the electrical
General Service requirement for individual metering of multi-occupancy premises where units are
separately rented. The requested waiver would be allow PPM to install energy efficiency
strategies and recover the costs for such strategies through a master meter arrangement thereby
more effectively accomplishing the purpose of 189 1AC 20.3{1}(b).
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APPENDIX

NEw MULTIFAMILY HOUSING:

ENERGY EFFICIENCY THROUGH MASTER METERING

Section 1 — Commercial New Construction {CNC) Energy Design Assistance Program

1. Energy Design Assistance Reports
A. CNC Energy Design Assistance Introductory Materials ~ Program Process {April 16, 2013)
B. CNC Strategy Report — Detailed Description Energy Strategies (February 20, 2014)
C. CNC Bundle Report ~ Results of Energy Simulation Modeling (March 27, 2014)
D. CNC Bundle Requirements Document ~ Summary of Strategy Requirements {(April 24, 2014)

2. Energy Design Assistance Related Documentation

A. Memorandum ~ Meeting Notes from Introductory Meeting (April 24, 2013)
Memorandum ~ Meeting Notes from Follow up Meeting (January 10, 2014)
Memorandum — Meeting Notes from Strategy Meeting {February 24, 2014)
Memorandum - Meeting Notes from Bundle Meeting (March 31, 2014)

vow

Section 2 — Energy Efficiency Strategies Technica! Documentation

1. Altoona Towers Building Plan Sets
A. Architectural/Structural Plans
B. HVAC/Plumbing Plans
C. Electrical/Lighting Plans

2. Energy Systems and Equipment Technical information
Building Envelope Systems

Domestic Water Systems
HVAC Systems i
Lighting Systems

Appliances and Equipment

Mmoo ®p

Section 3 ~ Related Information

1. Residential Energy Consumption Survey; Site Energy; Midwest Region; Multifamily Housing
2. Energy Star Multifamily High Rise National Performance Path Requirements

3. Energy Star Portfolic Manager f Target Finder

4. Energy Efficiency for Apartment Renters
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Meeting Agenda
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= Process and goals
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Program Process

1. Introductory Meeting - TODAY

= Program overview

= Review building design

= Review strategies for modeling
2. Phase 1 Analysis

= Energy modeling of baseline and strategies
»  Cost analysis

3. Strategy Results Meeting
» Review of individual strategy results
= Combine strategies into bundles
4, Phase 2 Analysis
* Bundle energy analysis
»  Further cost analysis
5. Bundle Results Meeting

=  Review of bundle results

»  Review of program incentives
= Bundle selection

= Introduction to verification

6. Verification

= Construction documents review
=  QOn-site verification of strategies
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Program Definitions

DOE-2 Energy Model

The DOE-2 energy model is the simulation tool used in this program. This energy model is used for
comparative analysis of the building envelope, lighting, mechanical and control options. The model is
customized for the building layout, expected operations, engineered systems, average weather conditions
and utility rate information,

Baseline Model

The Baseline model provides a benchmark for comparison of alternatives. The sole purpose of the
Baseline is to establish a starting point for utility program administration. The Baseline uses building
characteristics provided by the Project Team, default operating characteristics representative of this
building type, and minimum performance criteria for building components or systems based upon the
prevailing energy code. A Protocol has been established for Baseline criteria.

Building Characteristics

Building characteristics are to be completed by the Owner and the Project Team for use by The Weidt
Group. Forms are included in this packef. The Weidt Group uses default values unless substituted by the
Project Team.

Incremental Costs

The Weidt Group provides a “Cost Guide” to assist the Project Team to develop the incremental costs
beyond the Baseline building, The incremental costs are to be completed by the Project Team and
forwarded to The Weidt Group one week prior to the next meeting,

Default cost values are provided for architectural and electrical strategies and can be used by the Project
Team as part of this program to calculate simple paybacks. Default costs values are based on an
assessment of values provided to us on past projects.

Energy Conservation Bundles

Alternatives developed by the Owner and Project Team to maximize project goals which may include
energy performance, simple payback or long-term functionality.

MidAmerican Energy Altoona Towers, Altoona, 1A
Commercial New Construction Program ® THE WEIDT GRO P Introductory Meeting Materials
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Energy Design Assistance Incentives

MidAmerican Energy Incentives to Owner

A one-time incentive payment occurs following project completion, occupancy and verification of
strategies. The incentive is determined according to the chart below.

Chart 1. MidAmerican Energy Incentive Rates

Commercial New Construction Incentive Chart

$0.20 $2.00

$0.18 $1.80
$0.16 S $160 §
s / g
§ $0.14 / $140 8
S s0.12 / =
g ¥0. / $1.20 2
= o
¢ $0.10 $1.00 2
£ / F
£ $0.08 $0.80 3
g T
2 $0.06 $0.60 3
[1+]
=

$0.04 $0.40

$0.02 $0.20

$0.00 $0.00

0% 10% 20% 30% 40% 50% 60% 70%

Percent Savings Compared to Baseline

» Incentives start at 15% better than Iowa State Energy Code. If a project does not achieve at least 15%
better than Towa State Energy Code at the time of verification, the project will not receive an
incentive through Commercial New Construction and the project will not be eligible for prescriptive
or custom incentives

* Incentives cannot reduce payback below one year

» Commercial New Construction gas conservation incentives are available to customers that purchase
patural gas service (commodity) from the Sponsoring Gas Utility. Gas conservation incentives are
not available for customers with “transport-only” arrangements with the Sponsoring Gas Utility.

MidAmarican Energy Altoona Towers, Altoona, |1A
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Commercial New Construction Incentives to Design Team

This program also provides for the Design Team to submit a participation invoice to the Sponsoring

Utility for the following activities.

= Participation at formal meetings

» Transfer of building architectural/engincering design information to The Weidt Group

» Development of applicable energy conservation strategies’ incremental costs (incremental as
compared to a Baseline building)

» Completion and forward of Construction Documents to The Weidt Group

Please note that the participation amount is not intended to cover actual system(s) design or re-design
associated with energy conservation strategies.

The Lead Design Firm will submit an invoice to MidAmerican Energy affer The Weidt Group receipt of
the completed Bundle Selection Form. MidAmerican Energy to document participation fee and terms via
formal letter following Owner bundle selection. The invoice may be mailed to:

MidAmerican Energy
Accounts Payable

P.O. Box 3006

Sioux City, 1A 51102-3006

Please also send a copy of the invoice to

MidAmerican Energy
Attn: Mindy Connors
106 E. Second Street
Davenport, 1A 52801

Since this design participation is a fixed amount based on program track participation, documentation
supporting hours worked by Design Team members or other miscellaneous or incidental expenses
incurred are not necessary. Interim invoicing will be returned unpaid and an invoice for an amount in
excess of the fixed amount will be returned and a revised invoice requested pursuant to MidAmerican
Energy’s accounts payable policy.

Program Track Design Team
Reimbursement

Quick Energy Design $3,500
Custom Energy Design $5,500
Custom Plus with 2 $7,500
analysis modules

Custom Plus with 3 $8,500
analysis modules

MidAmerican Energy Altoona Towers, Altocna, 1A
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Project Summary

Building Summary

Building type Housing
Location Altoona, lowa
Building area 120,000 sq ft

Garage area

Number of stories

Building structure

Building organization

Glazing systems

Lighting system(s)

HVAC system(s)

Areas heated

Areas cooled

Electric utility

MidAmerican Energy

Gas utility MidAmerican Energy
Approx._constructlon document May, 2013
completion date

Approx. construction start May, 2013

Approx. occupancy date

Other notes

MidAmerican Energy
Commercial New Construction Program
April 16, 2013

© THE WEIDT GROUP
Privileged and Confidential
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Draft Strategy List

Str?éegy Envelope Insulation Strategies Baseline S"i:"f’e’; Notes
EWC00 Baseline wall assembly TBD TBD
EWCO01 R-16 wall agsembly, non-residential spaces TBD R-16
EWC02 R-20 wall assembly, non-residentlal spaces TBD R-20
ERCO0 Baseline roof assembly TBD TBD
ERCO1 R-24 roof assembly, non-residential spaces TBD R-24
ERC02 R-30 roof assembly, non-residential spaces TBD R-30
ERCO03 R-40 roof assembly, non-residential spaces TBD R-40
EWR00 Baseline wall assembly, residential TBD TBD
EWR01 R-16 wall assembly, residential spacas TBD R-16
EWR02 R-20 wall assembly, residential spaces TBD R-20
EWR03 R-30 wall assembly, residential spaces TBD R-30
ERROQ Baseling roof assembly, residential TBD TBD
ERRO1 R-24 roof assembly, residential spaces TBD R-24
ERRO2 R-30 roof assembly, residential spaces TBD R-30
ERRO3 R-40 roof assembly, residential spaces TBD R-40
Strate . . Unit COG Visible
1D i Glazing Strategies U-Fagtor U-Factor SHGC Trans.
w3901 Baseline: To be determined TBD TBD TBD TBD
w2101 Clear low-e, alum frame 0.42 0.29 0.38 0.70
W2201 Reduced SHGC low-g, alum frame 042 (.28 0.29 0.52
W2301 Tinted low-g, alum frame 0.42 0.289 0.24 0.35
W2401 Reflective low-g, alum frame 0.43 0,30 0.31 0.48
W2601 Clear low-e w/ argon, alum frame 0.38 0.26 0.37 0.70
WaGE01 Triple glazed clear low-e, alum frame 0.29 0.6 0.32 Q.50
W27 Triple glazed clear low-¢ w/ argon, alum frame 0.26 0.3 0.32 0.60
W2801 Clear low-&, warm edge, alum frame 0.39 0,28 0.38 0.70
W29 Clear low-g, high performance alum frams 0.36 0.29 0.38 0.70
MidAmerican Energy Altooha Towers, Altoona, 1A

Gommercial New Construction Program

April 18, 2013
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Lighting Control Strategies

Daylighting Controls |

Space Type

Occupancy
Sensor
Control

Occupancy
sensor
control to
13 level

Dual level
occupancy
sensor
control

Dual level
fixtures

Stepped
Daylighting

Dimming
Daylighting

Apartment
Circulation
Storage
Mech/elec
Restroom
Private office
Lounge
Laundry
Common room
Exercise

9 hr/day retail
Day care
Garage

Strategy Strategy

‘max Wisf

Lighting Design .Stra'tegies

Baseline

LO1BW Building wide 10% lower than 90.1-2007 00,1-LPD 10% Lower Fluorescent
LD2BW Building wide 20% lower than 90.1-2007 9t 1LPD 20% Lower Fluorescent
1.03BW Building wide 30% lower than 90.1-2007 90.1-LPD 30% Lower LED

90.1-2010 stightly reduces the interior lighting power allowance for most spaces. Exterior lighting afiowances are also reduced in the standard.

MidAmerican Energy
Commercial New Construction Program
April 16, 2013

Altoona Towers, Altoona, 1A
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Strategy

Strategy Reference

Cooling Efficiency Strategies Baseline Efficiency Size Tons

Notes

DX cooling, 5% increasad EER, Air cocled TBD TBD TBD
MADO2 DX cooling, 10% Increased EER, Air cooled TBD TBD TBD
MADO3 DX cooling, 15% increased EER, Air cooled TBD TRBD TBD
MPTOT Residential cooling 5% increased EER TBD TBD TBD i
MPTO2 Residential cooling 10% Increased EER TBD TBD TBD |
MPTQ3 Restdsntial cooling 15% increased EER TBD TRD TBD |

90.1-2070 skightly increases the efficiency requirement of PTAC, PTHP, water and evaporatively cooled DX units, and water cooled chillers.

Str.';lrt)egy Heating Efficiency Strategies Baseline E:::etigi Notes
MPFO1 Public heating at §5% efficiency B0% at lzast 85%
MPFO2 Public heating at 80% efficiancy 80% at least 90%
MPFO3 Public heating at 95% efficiency B0% at lsast 95%
MAFO1 _ Apartment fumace at 856% efficisncy 80% at least 85% i
MAFO2 Apartment furnace at 0% efficiency 80% at least 90% |
MAFO3  Apartment furmace at 85% efficiency 80% at least 95% ;
s"?éegy Heat Pump Efficiency Strategies Baseline ESEt;éegg Z?zf:r_?gzz
MHPO1 Water loop heat pump, Alternata 1 TBD TBD TBD
MHPOD2 Water loop heat pump, Alternate 2 TBD TBD TBD
Stratogy Fan Strategies Baseline Strategy Notes
1D Level
MFDOO Baseline fan system power limitation Appendix G Maximum allowed
MFDO1 Fan system power 10% reduction Appendix G 10% reduction
MFDO2 Fan system power 20% raduction Appendix G 20% reduction .
MFDO3 Fan system power 30% reduction Appendix G 30% reduction ‘
MFD04 Proposed fan system design Appendix G proposed design
MLROB VFD on cooling twr fan two speed VFD

90.1-2010 keeps requirement for VIFD on VAV fan molors af 16 hp and farger.

Strategy

Strategy

1D Level
MMTO4 Exceeds Premium efficiancy pump motors Premium  Exceeds Premium

90.1-2010 requires VFD on pump motors for & hp and jarger,

Pump Strategies Baseline Notes

- onditio g of O de A ateqie Base o N ote
MOAD2 CO2 contral of outside alr No control CO2 control
MOAZ22 Carbon monexide sensor control of garage vent fans Always on CO control
MHRS3  Garage heat recovery w/ CO control No recovery 75% efficiancy
MHRS1 Sensible heat recavery No racovery Effic
MHRT1 Total heat recovery No recavery Sensible latent
80.1-2010 requires energy recovery on more AHUS based on outdoor air volumes.
o0 _ ateg
e = dle = (] ategle - ot1e
D ovEe
MHWOO Baseline service water heating system 0% 0%
MHWO1 85% service water heating officiency 80% at least 85%
MHWO2 90% service water heating efficiency 80% at least 90%
MHWO3  95% service watsr heating efficiency 80% at least 95%

Str:lalgegy Appliance Efficiency Strategies Baseline Strit:‘i’: Units  Notes '
ACWO1  Energy Star clothes washers, alt 1 1.26 200 MEF 5
ACWD2 Energy Star clothes washears, alt 2 126 2,50 MEF
ADWO Energy Star dishwashers, alt 1 355 285 kKWhiyr
ADWO2  Energy Star dishwashers, alt 2 355 245 kWhiyr
ARFO1 Energy Star refrigerators, alt 1 NAECA 20% better KWhiyr
ARF02 Energy Star refrigerators, aft 2 NAECA 30% better KWhiyr
AHWO1 Low flow showerheads 2.50 200 gpm @ 80 psi

MidAmetican Energy Altoona Towers, Altoona, 1A
Commercial New Construction Program © THE WEIRT GROUP Introductory Meeting Matarials
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Process Schedule

Proposed Revised
Date Date

Process Step

Responsible

Review building design
Review building characteristics requirements
Review pre-defined strategy list

Strategy List Confirmation 23-Apr-13
Send revised strategy list deseriptions The Weidt Group
Building Characteristics Confirmation 23-Apr-13
Design drawings - CAD Files Architect/Owner
Envelope/Operating Characteristics Architect/Owner
Mechanical Characteristics Mechanical Engineer
Heating/Cooling Plant Characteristics Mechanical Engineer
Electrical Characteristics Electrical Engineer
Incremental Cost Estimating Guide 30-Apr-13
Informs Design Team The Weidt Group
DOE 2 computer models
Baseline model The Weidt Group
Model alternatives within 8 to 10 strategy groups The Weidt Group
Cost Analysis 21-May-13

Design Team

Review strategy results & costs Project Team
Assemble Bundles

Review bundle results and incentives - - o “ Project Team
Introduce verification process The Weidt Group
Receive/review bundle selection MidAmerican Energy

Owner agrees to imp

= ' = = = e

Send construction docs EDA team Owner/ Design Team
Pay design team incentive MidAmerican Energy
Construction document review for strategies The Weidt Group
Field visit lo verify strategies installed The Weidt Group
Pay construction incentive MidAmerican Energy

Note: All dates presented as "typical” for the purpose of discussion in context with the project's design
schedule. Typically, these projects start at late-SD, early-DD sfage.

MidAmerican Energy Altoona Towers, Altoona, lA
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Building Characteristics Forms - Architect

Please forward completed form to Luke Hollenkamp by April 23, 2013.

Building Location

Address:
City: Altoona
State: lowa

Envelope Characteristics

Sefsct all envelope construction characteristics that apply

Wood framse

Steel frame Steel Frame
Frame wf masonry extetior Concrete
Masonry

Metal

=:0n B Entirely below metal deck
7 Wdod fhe C Othetf Combination
Steel frame
Concrete

Nonmetal Total U-Factor {winter}

Metal curtainwall/ storefront Center of glass U-Factor (winter)

Metal punched opening Solar heat gain coefficient
Visible light transmittance

MidAmerican Energy Altoona Towers, Altoona, 1A
Commetcial New Construction Program © THE WEIDT GROUP Intreductory Meesting Materials
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Building Characteristics Forms — Owner or Owner’s Rep

Please forward completed form to Luke Hollenkamp by April 23, 2013.

Building Operation Schedules

Select schedule that best describes opsrational tse for lights and people use

B Lighting B People & Lighting B FPoople H Lighting W People

100% 100% 100%
80% 80% 80%
80% 80% 60%
40% 40% 40%
20% 20% 20%
0% + 0% T 0%
0 3 6 9 1215 18 21 24 0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Hour of Day Hour of Day Hour of Day

Building Type: Housing

MidAmerican Energy Altoona Towers, Altocna, 1A
Commercial New Constructicn Program © THE WEIDT GROUP Introductory Mesting Materiats
April 16, 2013 Frivileged and Confidential 14



Building Characteristics Forms — Electrical Engineer

Please forward completed form to Luke Hollenkamp by April 23, 2013.

Select all that apply: [ 1201240V or 1201208 V, single phase service

[ 277450V, three phase service

: High voltage service with primary metering (>600 V)

Space Type Building Characteristics

Enter design values.

If ceiling height is unknown, enter a safety factor valus to allow for over-design.

If design reflectances are unknown, anter the assumed reflectances,

Horizonal footcandle levels will be used in daylighting strategies. IESNA FC levels are from the Ninth Edition IESNA
Lighting Handbook.

Equip W/sf defines the average internal loads from computers, appliances,and production process within each space
type. It should include factors for diversity, meaning it should be the peak vafue for a typical day.

RS

Apartment 5 | NA ) N/A

Circulation 3 K] 0.10

Storage 10 10 0.10

Mech/efec 30 3 0.20

Restroom 10 3 0.10

Private office 30 5 1.20

Leunge 3 3 0.10

l-aundry 30 3 N/A

Common toom 5 N/A 0.50

Exercise 30 5 0.10

9 hriday retail 50 10 0.05

Day care 30 5 0.20

Garage 1 0.5 0.10
MidAmerican Energy Altoona Towers, Altoona, 1A
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Building Characteristics Forms ~ Mechanical Engineer

Please forward completed form to L.uke Hollenkamp by April 23, 20%3.

Mechanical Zone Type Characteristics

= Enter or select actual vaiuss for each parameter, default values are approximate
based on standard space type conditions

* Enter an *X* fo identify what type of equipment will be used.

Apartment
Circulation
Storage
Mech/elec
Restroom
Private office
Lounge
Laundry
Common room
Exercise
2 hr/day retail
Day care
Garage

035(035|035(0.35)|035|035|035(035|035|0.35| 035|035

035|035 C35) 035|035|035(035]|035|035]|035]|0.35| 035

0.06 | 0.07 | 006 | G.01| 0.09( 030|017 030|026 024|043 0.75

MidAmarican Energy Altoona Towers, Altoona, [A
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Air handler and fan characteristics

Central coollng.r terminal rehea

Central coolingf fan powered terminal reheat

Four pipe fan coil

Water loop heat pump

Ground heat pump

Packaged single zone units

Packaged terminal A/C

Dedicated outside air system (DOAS)

Exhaust fan

Constant volume

Variable air volume

 Supplycfm

Minimum outside air cfm

Design Min % outside air

Is Qutside air dellvered by DOAS?

Expacted Exhaust cfm (1}

(1) This is the expected exhaust from the air handier after accountmg for bull
- Economizer.contro -Blace an-for confrol 1yE
None

nd f Iet exhaust

Air-side economizer (non-integrated)

Air-side econo (integrated)

Drycooler

Water-side economizer

leed cfm

aEConpE P BIS Bpplies lo VAVES RIS ol

Proportlonal to supply cfm

HLALGES
Supply (i ncludmg fi Iters} inches we

Filters only, inches we

Return, inches we

_ Exhaust, inches wc

' Supply fan hp

Return fan hp

Exhaust fan hp N

MaX|mum setpoint

Mlmmum etpomt

Hot water coil

Gas burner

Electric resistance

Heat pump

Other:

No coollng

Air cooled chiller

Water cooled chiller

Heat pump

_ District coollng

Air cooled DX packaged or split

Air cooled DX condensing units

Evap. Cooled DX Rooftops

Base design efficiency, EER

- Include evaporator fan?

Alternate deslgn efficiency, EER

- Include evaporator fan?

MidAmerican Energy
Commercial New Construction Program © THE WEIDT GROLUP
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o

_Fan power credits and deductions ASHRAE 90.1 2007

i

Credits

Supph Particulate: MERV 9 0.5 inw.c
PRYY through 12 ' o

Particulate: MERV 13 .
Supply through 15 0.2 inw.ec.
Particulate: MERV 16 and
Supply greater and electronically

enhanced fllters

2X clean filter
DP

Carbon and other gas-

§ Clean filter DP
phase air cleaners

Supply

Evaporative humidifier/
Supply cooler in series with Device P
another cooling coll

Supply Sound attenyation section 0.15inw.c.

Fully ducted return air

Return 0.5inw.c.
systems

Return Retyrn airflow control 0.5 inw.c.
devices

Exhaust Fully ducted exhaust air 0.5in W
systems

Exhaust Exh_aust airilow control 05inwe,
devices

Exhaust Filters, scrubbers, or other Device DP
exhaust treatment

Outdoor Heat recovery device Device DP
Evaporative humidifier/

Outdoor cooler in series with Device DP
another cooling coil

Deductions

Fume hood exhaust
exception (required if Y

Exhaust | 6 5311 Exception [o]is | ~° WG
faken)

MidAmerican Energy Altoona Towers, Altoona, 1A
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Heat Recovery Characteristics

L

Recovery effectivensss (winter)

Recovery effectiveness (summer)

Supply Static
Exhaust Static
Bypass when heat recovery not needed?

Wheel motor hp

Capacity/Frost control Capacity Frost

Wheel speed

Qutside air bypass

Exhaust air bypass

Trim economizer

No contro}

Frost control calculation

Keep exhaust air above 33 F

Sensible effectiveness (winter)

Sensible effectiveness (summer)

Latent effectiveness

Supply Static
Exhaust Static
Bypass when heat recovery not needed?

Wheel motor hp

T

Capacity/Frost control Capacity Frost

Preheat outside air

Preheat exhaust ait

Wheel speed

Outside air bypass

Exhaust air bypass

Trim economizer

No control

Frost control calculation

Keep exhaust air above 33 F

Based on winter design OA condition

Done by real time calculations

MidAmerican Energy Altoona Towers, Altoona, |A
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Boiler Plant Characterlstlcs

Names s;tems served {or ALL)

Type (water, steam, etc)

Number of units

Output per unit (KBTU/HR)

Total output (KBTU/HR)

Fuel Source {Gas, elsctric, etc)

Rated supply water temperature

< or > Rated return water temperature

Thermal efficiency at rated supply T

< or > Combustion efficiency at rated supply T

Boiler AFUE

Condensing boiler? {Y or N)

Delta T at capamty

Reset bonler supply temip based on outside air temp?

Lower [imit outside temp

Boiler supply temp at low outside temp

High limit outside temp

Boiler supplytemp athlgh utside temp _

Indrcate the p pnmary pump conﬁguratfon by markmg t;fth X"

Each boiler has its cwn pump

A single pump in the primary loop serves all boilers

A bank of pumps in the primary loop serves all boilers

Number of primary pumps

Primary pump head (ft water)

Primary pump GPM (total of all pumps)

Primary pumps have VFDs? (Y or N)

Primary loop min flow ratio

Primary pumps use head pressure reset control'? (Y of N)

Number of'm pumps

Secondary pump head (ft water)

Secondary pump GPM (fotal of all pumps)

Secondary pumps have VFDs?

Secondary loop min flow ratio

Secondary pumps use head pressure reset control? (Y or N)

MidAmerican Energy
Commercial New Construction Program © THE WEIDT GROUP
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Chiller Plant Strategies

Chlller Type Name
Open or Hermetic
Air or Water Cooled air air air
Standard, VFD or Frictionless
Number of units
ltemized cooling tons
Total cooling tons 0 0 0
KWIton at AH RI rated COF‘IdIthI’]S

“KWton at desféﬁgnd|tlons

Designh evaporator leaving water temperature
Design entering condenser temp (Entering water for
coolmg tower outdoor aj i

Reset based on Ioad (wa return T or valve posmons)‘?
Reset based on outside air temp?

Lower limit outside air temp

Chilled water supply temp at low OA temp

High limit outside air temp

Chllled water supp!y temp at high OA temp

Indicate the primary pump configuration by marking with "X"
Each chiller has its own pump

A single primary pump serves all chillers

A bank of pumps in the primary loop serves all
chillers

Number of primary pumps

Primary pump head (ft water)
Primary chiller gpm/ton

Primary pumps have VFDs? (Y or N)
Primary loop minimum flow ratio

Pr:mary pumps use head pressure reset control?

Number of secondary pumps
Secondary pump head (ft water)
Secndary pump gpm/ton
Secondary pumps have VFDs?
Secondary loop minimum flow ratio

Secondary pumps use head pressure reset control?

* KWrton fs compressor only for water cooled units, compressor + condenser fan for air cooled

MidAmerican Energy Altoona Towers, Altocna, |A
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Coollng Tower Charactenshcs

Axial fan or propeller fan

Centrifugal fan

Number of cooling towers

Number of cells per tower

Tower fan hp per cell

Design condenser water setpoint

Design air wetbulb

Designh approach to wethulb

System has water-side economizer mode? (Y or N)

Is tower fluid separated from condenser loop by a heat
__exchanger? (Y or N

Fa”ﬁ cycling

Fluid bypass

Discharge damper

Two speed fan

_ Vanable speed fan

ml:lse resMr N)

Minimum tower setpoint

Does each tower have a reC|rc pump? (Y or N)

Tower recirc gpm/ion

Tower recirc pump head

Tower recirc pum s have VFDs'? (Y or N) N)

lndfcate the conc!enser water pump conﬁguratfon by markm with "X

Each condenser has its own pump

A single pump in the loop serves all condensers

A bank of pumps in the loop serves all condensers

Number of pumps

Pump gpm/ton

Pump head

Pumps have VFDs?

Condenser loop min flow ratio

Primary pumps use head pressure reset control? (Y or N)

MidAmerican Energy
Commercial New Construction Program
April 18, 2013
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Unit size, Tons

enter avg. or attach a list

Approx, no, of units

Cocling EER, Btu/Watt

entering water temp

for EER listed above

ent air temp (db)

for EER listed above

ent air femp (wh)

for EER fisted above

Heating efficiency, COP

entering water temp

for COP listed above

ent air temp (db)

for COP listed above

Supply fan static, in

S

Suppl.y fan static, n

total static

Return fan static, in if applicable
Preheat Type Ht pump, gas, electric, etc
Economizer None or max % outside air

Pump flow, gpmiicn

Number of pumps

Pump head, ft

Total gpm of all pumps

Buikling loop pumps have VFDs (Y or N}

VFD, 2-speed, staging, or Nona

Primary loop min flow ratic

Pumps use head pressurs reset control? (Y or N}

Pump hours of operation

24 hrsfday or w/ fans; prim/2nd

MidAmerican Energy

Commercial New Construction Program
April 16, 2013
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Residential Housing Characteristics

Total number of apartments

Average number of bedrooms per apariment

Average number of bathrooms per apartment

Average number of people per apartment

Number of apartments with laundry in unit

Is there a public laundry area?

Does the kitchen have an exhaust fan that vents to outside?

Are clothes dryers Gas or Electric?

Are cooking stoves Gas or Electric?

Does each apartment have its own electric meter?

Does each apartment have its own gas meter?

do fans Ie onh at nht to vent

Apartments have baseboard heat for central boiler strategies?

Service Water Heating System Characteristics

Number of hot water heater units

Hot water tank size, gal per unit

Hot water heat source (Gas, Electric, or Steam)

Hot water heater input rate (per unit, kBTU/hr}

Hot water system combustion efficiency (baseline)

80%

Hot water system combustion efficiency (design level)

Hot water system supply temperature, deg F

Hot water circulation pump flow, gpm

Hot water circulation pump head, feet

For kitchens: # breakfasts per day

For kitchens: # lunches per day

For kitchens: # dinners per day

MidAmerican Energy
Commercial New Construction Program ® THE WEIDT GROUP
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Introduction

This Report is designed to assist the Owner and Project Team in making energy-related decisions about
building design. In the Introductory Meeting, the group identified a series of energy conservation
strategies appropriate to this building—affecting gas, electricity, district energy, or other energy
sources—and this Report documents the results of computer simulations for each strategy compared to
the baseline. With "hard" numbers attached to each strategy, potential energy savings are clear and cost-
effectiveness can be easily determined.

While the virtual building model estimates overall energy consumption, it is primarily designed to
forecast savings, much like forecasting the savings from buying a fuel-efficient car. Energy consumption
and savings forecasts are based on assumptions about occupancy, operations, weather, and other factors.
As with a car, however, changes in use or operation affect the absolute value of savings, but the relative
value—percentage saved, for example—compared to the less fuel efficient option, will still be valid. [n
the end, it is up to the Owner/operator to use and operate the building effectively in order to realize
savings.

This program should not be construed as correcting or overriding previous decisions or recommendations
of the Project Team. The program is analytical in nature, using tools and methods not normally part of the
customary design contract. The Project Team remains responsible for the implementation of strategies
and final engineering of systems, as well as for determining costs of various strategies.

The process follows a clear methodology of information gathering, collaboration, and analysis in an
integrated setting of three formal meetings. The Owner, Project Team, and The Weidt Group work
together to understand how the building will use energy and where cost-effective savings can be realized,
through design. These are the steps, with the current stage shown in bold.

1. Introductory Meeting
=  Program overview
= Review building design
» Review strategies for modeling
2. Phase 1 Analysis
* Energy modeling of baseline and strategies
= (Cost analysis
3. Stirategy Results Meeting - TODAY
* Review individual strategy results
*  Combine strategies into bundles
4. Phase 2 Analysis

* Bundle energy analysis
*  Further cost analysis

5. Bundle Results Meeting
= Review bundle results
*  Review program incentives
"  Bundle selection
»  Introduction to verification

6. Verification

s Construction Documents review
= On-site verification of strategies
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Project Summary

The following table is a project summary. This information is based on a review of the design documents
and conversations with the Project Team, Additional building characteristics are listed in the Appendices.

Building Summary

Building type Multi-family Housing
Location Altoona, lowa
Building area 130,800 sf

Number of stories

2 - 4 story buildings

Building structure

Wood construction with sloped roof. Using spray foam insulation with a target R-
25 total wall assembly. [nsulation in the attic will be installed at the bottom
chord. Target R-value R-50. Considering an inch of spray foam in the roof with
blown-in insulation on top to reach the R-50 target and reduce infiltration.

Building organization

2 apartment buildings. First floor of Building B will house a fitness center and
extended stay efficiency units available for lease on a monthly basis. First floor
of Building A will have office space and a community room.

Glazing systems

Punched vinyl windows throughout
Window to floor area ratio: 7.4%,; Window to wall area ratio: 16.1%

Fluerescent lighting plannad throughout with an interest in LED lighting whare it

Lighting system(s} makes sense.
Ducted mini-split systems in the apartment units, efficiency units will have
elactric base board heat and through wall air conditioners. An air to air heat
HVAC system(s) pump will be utilized in the community space and offices. An air to air heat

pump with an ERV will be used in the fitness room.
Central gas fired service hot water.

Areas heated

All, except circulation spaces (stairs tempered to 60 degrees)

Areas cooled

All, except circulation and stairs

Electric utility

MidAmerican Energy

Gas utility

MidAmerican Energy

Approx. construction document
completion date

Approx. construction start

Approx. occupancy date

November, 2014

Other notes
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Commercial New Construction Program
February 20, 2014

Altoonha Towers, Altoona, I1A
© THE WEIDT BGROUP Strategy Report
4

Privileged and Confidential




Building Plans
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Energy Analysis Process

DOE-2 Energy Model

The Weidt Group analyzes energy solutions using DOE-2.2, a building simulation program, The program
performs thermal and luminous calculations on an hour-by-hour basis, using typical yearly climatic data,
to determine the building's energy loads and system requirements.

The Weidt Group gathers building description data and assumptions from the Owner and Project Team to
construct the model. Some of the customized operating assumptions include the following,

*  Building geometry

= Building base envelope construction
»  Building programming and operation
* Base mechanical system design

= Base lighting system design

The energy models are simulated using the Des Moines, 1A DOE-2.2 Typical Meteorological Year
(TMY) weather file.

This energy model is intended for comparison of relative differences in net energy use for various design
dallernatives, compared to a baseline condition; it is not intended for system design and/or equipment
selection. In addition, the actual energy use of this building will be different from the DOE-2.2
simulations because there will be differences in the weather, operating parameters, occupancy, and other
circumstances not anticipated in the model. Given those qualifications, however, this model offers energy
savings estimations as good as any other means available for a building that has not yet been built.

Baseline Model

The Baseline model provides a benchmark for comparison of alternatives. The sole purpose of the
Baseline is to establish a starting point for utility program administration. The Baseline uses building
characteristics provided by the Project Team, default operating characteristics representative of this
building type, and minimum performance criteria for building components or systems based upon the
prevailing energy code. A Protocol has been established for Baseline criteria.

Building Characteristics

For this modeling program, a number of building design characteristics, owner operating schedules and
representative utility energy cost tariffs are assumed. This document includes the modeling assumptions
provided by the Owner, Project Team, and The Weidt Group. A summary of this information can be
found in the Appendices.

Incremental Costs and Payback Analysis

The Weidt Group provides default values. Default costs values are based on an assessment of values
provided to us on past projects. The Weidt Group requests that the design team review these values and
provide project specific costs whenever more specification is necessary. The Weidt Group also requests
the design team's cost development assistance for strategies where default values are not available.

MidAmerican Energy Altcona Towers, Altcona, 1A
Commaercial New Construction Program © THE WEIDT GROUWP Strategy Report
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Modeling of Specific Strategies

At the Introductory Meeting, representatives of the Owner, Project Team, and The Weidt Group
reviewed and edited a list of energy savings strategies, so as to bracket a range of acceptable design
solutions. The strategy list can be found beginning on page 12 of this Report. By running a range of
solutions, the model allows comparative analysis between envelope, mechanical and lighting system
energy conservation alternatives.

Isolated Strategy Review

The Weidt Group simulates each strategy individually and compares results to the Baseline model to
illustrate the impact of each strategy alone. It is common for individual strategies to impact the base
models by less than 10%. However, selecting 15 strategies, each with an average value of 2% to 3%,
might result in an annual building energy cost performance on the order of 30% to 40% better than the
baseline. It is important to understand that the results are not always 100% additive; two strategies that
save 2% alone, may not save 4% together. More fikely, they will save 3.2% to 3.8% when combined.

Bundle ldentification

Once the Isolated Strategy Analysis is complete, the Owner and Project Team will identify bundles of
strategies via a spreadsheet tool, The bundles may be roughly organized as follows.

Bundle 1: Include all strategies that are fairly certain to be included in the final design
Bundle 2: Include all of the Bundle 1 strategies, but add those with promising paybacks

Bundle 3: Include all of the Bundle 2 strategies, while adding feasible strategies that optimize
energy savings

The Owner and Project Team may then use the bundles’ economic value to determine an appropriate
construction solution,

MidAmerican Energy Alfcona Towers, Altoona, 1A
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Baseline Building Results

This page identifies the projected baseline energy consumption of this building. The baseline model
assumes all energy design parameters are set to meet the prevailing energy code and provides for
comparison for all modeled energy conservation strategies.

The baseline mechanical system consists of a code level single packaged vertical air conditioner and
electric baseboard heating serving the efficiency units. Code level single package vertical heat pumps
serve the 1-bedroom, 2-bedroom, 3-bedroom, and 4-bedroom apartment units, with electric resistance
baseboard backup heat. The fitness and community room spaces are served by code level air to air heat

pumps. The stair areas have electric resistance heating and the interior circulation spaces are not

conditioned or ventilated. The charts below show the Baseline model breakdown of annual energy
consumption and energy cost. Note that these results do not include exterior lighting or elevator

operation,

The annual energy use prediction for the baseline model is 59 kBtu/sq ft and the energy cost is $1.12/5q
ft. Total energy cost is approximately $146,000 per year at baseline.

Comparative Energy Streams ~Baseline Model

Energy Breakdown (BTU) - Energy Cost Breakdown ($)

Equip
21%

20% 6%

1,800,

Equip
24%

8% Cool

Far/ Pump 10%
7%

Heat
38%

Key Observations

000 kWh Heating $54,600

Peak Electrical Demand 381 kw Cooling $15,000
Annual Natural Gas Consumpticn 1,677 MMBTU Fans / Pumps $10,400
SWH $11,400

Lighting $19,400

Equipment $35,200

= The Btu Energy use is the energy delivered to the building, not including the energy for generation

and transmission of electricity or gas

" Heating is the dominant end use in this building, followed by service water heating, and equipment

MidAmerican Energy
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Baseline Operation Assumptions

The baseline model assumes the following design parameters as well as accompanying operational
assumptions, based upon transmittal information from the Owner and Project Team.

Baseline Base Annual

Floor lightin equipmenty  SYSEM  jihtin Annual
Space Type % area ghting quip air flow ghting o cheduled
area power plug load (CEM/sf) full load fan hours
{Wisf) {Wisf) hours

Apartment 100,900
Efficiency Apariment 8,800 7% 1.54 1.05 0.54 1,000 8,760
Circulation 10,600 8% 0.50 0.10 0.50 8,760 8,760
Storage 200 0% 0.80 0.10 0.50 3,000 3,800
Mech/elec 800 1% 1.80 0.20 0.50 3,500 3,800
Restroom 100 0% 0.90 0.10 0.50 4,300 4,800
Exercise 2,900 2% 0.80 0.10 0.81 4,500 5,400
Locker Room & Shower 200 0% 0.60 0.50 0.50 4,200 5,400
Community Room 1,000 1% 1.30 0.50 0.58 2,400 5,500
Private office 700 1% 1.10 1.20 0.84 3,800 5,000
Open office 500 0% 1.10 1.20 0.68 4,900 5,000
Laundry 100 0% 0.60 7.3 0.50 6,000 8,760
Serving 200 0% 1.20 5.00 0.74 3,700 5,500
Stairs 3,800 3% 0.50 6.10 0.50 8,760 8,760

Total 130,800
Average K ! 8,600

Additional mechanical design assumptions may be found in the Appendices of this Strategy Report. The
Baseline model also assumes the following mechanical design/ operating parameters,

= Non 24/7 spaces operate in a setback mode during unoccupied hours in which thermostats in
conditioned spaces are reset downward in winter and upward in summer

» Outside air dampers for non 24/7 spaces are assumed to be closed at night, and fans cycle on to
maintain nighttime temperature settings

MidAmarican Energy Altoona Towers, Altoona, [A
Commercial New Construction Program ® THE WEIDPT GROUP Strategy Report
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Strategy Summary List

The following tables provide a complete list of the modeled energy conservation strategies described in

this Report.

Str?éegy Envelope Insulation Strategies Bassline Strategy Level Notes
EWNOO Baseline wall assembly: non-residentia)f residential R-16.6/ R-12.8 R-15.6/ R-19.6

EWNO1 R-20 wall for non-residential, R-20 wall for residential R-15.6f R-19.6 R-20

EWNO2 R-25 wall for non-residential, R-25 wall for residential R-16.6/ R-19.8 R-25

EVWNO3 R-30 wall for non-residential, R-30 wall for residential R-15.6/ R-19.6 R-30
ERNOO Baseline roof assembly: non-residential/ resldential R-37/ R-37 R-37
ERNOM R-50 roof for non-residential, R-50 roof for residential R-37/ R-57 R-50
ERNGZ R-80 roof for non-residential, R-60 roof for residential R-37/ R-37 R-50

2(]
D Othe el10pe diegie Base e A1SQ eve Ole

EWRF2 Reduced infiltration standaid reduced

EWWQ2  Window Quilts ne quilt quilt

Strategy

Glazing Strategies

1D U-Factor

Visible
Trans,

WGEADT Baseline: Nonmetal framing 0.35 NIA 0.40 0.44

WGEBO1 Design Glass; M1 Casement 0.27 0.24 0.25 0.44

WGCOo1 Design Glass: Sliding Doors 0.31 0.28 0.32 0.59 :
Str?éegy Daylighting Control Strategies Rggti?dr::; [;?g:?rgt Notes :

DGAD2 Exerclse Stepped Daylighting Fluorescent Stepped 1,406 sf of area controlled

DGAD3 Exercise Dimming Daylighting Fluorescent Dimming 1,877 sf of area controlled

DGAD4 Common Room Stepped Caylighting Fluorescent Stepped 543 sf of area confrolled

DGADS Gommaon Reom Dimming Daylighting Fluorescent Dimming 724 sf of area controlled

DGAQS Stairs Steppad Daylighting Flucrescent Stepped 1,728 sf of area controlled

DGAD7 Stairs Dimming Daylighting Fluorescent Dimming 1,728 sf of area controlled

Autormated mullistep daylighting controls for primary sidelighted areas = 250 sf is required by 90.1-2010

Automatad multistep daylfghting conirois for foplighting when area under skylights or rooftop monitors > 900 sf is required by 90.1-2010

A

[} e O
LCCl Circulation ocoupancy sensor control 20% 30%
LCCI2 Circulation cccupancy sensor control to 1/2 level 10% 16%
LCST1 Storage occupancy sensor control 50% 70%
LOCME1 Mech/elec occupancy sensor conirol 50% 70%
LCRR1 Restroom eccupancy sensor control 35% 56%
LCFT1 Exercise occupancy sensor control 25% 40%
LCLR1 Locker Room & Shower occupancy sensor controt 30% 50%
LCCM1 Community Room occupancy sensor contro! 25% 40%
LCPO1 Private office occupancy sensor control 15% 40%
1.CPO3 Private office dual level cceupancy sensor coniro! 20% 45%
LCPQ4 Private office dual leve! fixture 15% 15%
LCOO1 Open office occupancy senscr contrel 0% 40%
LCLA1 Laundry ococupancy sensor control 25% 40%
LCsV1 Berving occupancy sensor control 5% 25%
LCSW1 Stairs occupancy sensor control 20% 30%
LCSW2  Stairs occupancy sensor control 1o 1/2 lavel 10% 15%

80.1-2010 requires space control with dusi leve! fixtures as well as ocoupancy sensors In most spaces

MidAmerican Energy
Commercial New Construction Program ©® THE WEIDT GROUFP
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Strategy Summary List (continued)

Strategy . . . . Strategy
D Lighting Design Strategies Baseline max Wsf Notes

Cotridor and stairs at As-designed LPD, Cther public

LO1BW spaces at 10% lower than 90,1-2007 LPD (excludes 0,68 0.53 Fluorescent
apartments)
Corridor and stairs at As-designed LPD, Cther public

LozBwW spaces at 20% lower than 90.1-2007 LPD (excludes 0.68 0.50 Fluorescent
apartments)
Corridor and stairs at As-designed LPD, Other public

LO3BW spaces at 30% lower than 80.1-2007 LPD (excludes 0.68 0.47 LED
apartments)
Apartment lighting a't 1, 30% lower than baseline

LO1AP ({includes efficiency units) 1.54 1.08

LOZAP Apartment lighting alt 2, As-designad {includes efficiency 154 0.43 {Apts)
units) . 0.57 {Eff. Units)

90.1-2010 slightly reduces the interlor ighting power allowance for most spaces. Exterior lighting alfowances are also reduced in the siandard.

Strategy

Strategy Reference

Efficiency Size Tons Notes

Cooling Efficiency Strategies Baseline

As-designed through the wall units (Efficiency
MPTO2 Apartments) 9.0 EER 9.BEER 0.0to 5.4 Tons
80.1-2010 skightly increases the efficiency requirement of PTAC, PTHP, walsr and evaporatively cooled DX unifs, and water cooled chillers,
Strategy . . . . Strategy Reference
D Heat Pump Efficiency Strategies Baseline EER/COP Size Tons Notes
202 SEER;;’IS;:E ton weighted
MPTO1 As-deslgned mini-split heat pumps (Apartments) 9.0 EER/ 3.0 COP 12.8 EER/ 3.8 0.0to 5.4 Tons average
' . efficiencles
COP
. . y 13,6 8EER/ 7.7 16 SEER/ 8.0
MPTO3 As-designed heat pump (Community and Fitness) HSPF HSPF 0.0to 5.4 Tons
Strlaéegy Fan Strategies Baseline Strategy Level  Notes
MFDOO Baseline fan systam power limitation Section 6.5.3  Maximum allowed  0.31 bhp/1000cim
MFDO4 Proposed fan system design at 0.17 bhp/1000 ofm Section 853  proposed design  0.17 bhp/1000 cfm
90.1-2010 keeps reguitement for VFD on VAV fan molors at 10 hp and lerger,
Str?l;egy Conditioning of Outside Air Strategies Baseline Strategy Level Notes
MQAQ2 OS control of bathroom exhaust fan No control QS control
MHRS1 Sensible heat recovery (Fitness) No recovery 65% Effic
MHRT1 Total heat recovery (Fitress) No recovery 65% Sensible 85% latent

90.1-2010 requires energy recovery on more AHUs based on outdoor air volumes.

Strategy

D Service Water Heating Strategies Baseline Strategy Level  Notes
MHWO1 91.7% service water heating efficisncy B0% at least 91.7%
MHWQ2 92.5% service water heating efficiancy 80% at least 92.5%
MHWO3  94.1% service water heating efficiency B80% atleast 94.1%

Strategy

Appliance Efficiency Strategies Baseline Strategy Level Units  Notes

1D

ACWD1 Energy Star clothes washers, alt 1 1.26 2.00 MEF

ACWO2 Energy Star clothes washers, ali 2 1.28 2.40 MEF

ADWO1 Energy Star dishwashars, alt 1 355 285 kWhiyr

ADWO2 Energy Star dishwashers, alt 2 355 245 kwhiyr

ARFO1 Energy Star refrigerators, alt 1 NAECA 20% better kwhiyr

ARFO2 Energy Star refrigerators, alt 2 NAECA 30% better kWhiyr

AHWD1 Low flow showerheads 25 1.6 gpm @ 80 psi

AHWO2 Low flow kitchen and hathrocm sink aerators 2.2 1.0 gpm (@ B0 psi
MidAmerican Energy Altoona Towers, Altoona, 1A
Gommercial New Construction Program © THE WEIDT GROUPR Strategy Report
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Integrated Utility

Savings

The table below shows Whole Building results for various individual strategies or groups of strategies in
order to show where the best opportunities are. Note that dollar savings affect payback, and savings
accrue every year for the life of the building.

Annual  For detailed strategy
Strategy Description How does this strategy save energy? Energy descriptions go to
Savings section entitled...
As-designed mini-split heat pumps | Cooling and heating energy is reduced by an $13.006 HVAC Efficiency
(Apartments) increased system efficiency ! Strategies
I . Lighting wattage is saved by reducing light level or R - .
|.owest wattage lighting design increasing lighting system efficiency $7,633 [Lighting Design Strategies
" N Gas and electric consumption of appliances is Appliance Efficiency
Appliance efficiencies reduced by seiection of efficient equipment %6,811 Strategies
O8 control of bathroom exhaust  {Heating and cooling energy are reduced by lowering $3.985 Conditioning of Outside
fan ventilation rates when bathrooms are unoccupied ! Air Strategies
. Building fans energy is reduced relative to maximum ,
Fan system power reduction allowed by Section 6.5.3 $3,255 |Fan Strategies
Gas consumption is reduced by using high efficiency Service Water Heating
Best SWH system service water heaters $1.942 Stralegies
Heating and cooling load is reduced by increasing Envelope Insulation
Max envelope insulation levels 1,790 Stralegies
Occupancy sensor control of Lighting energy is saved by furning lights off when —_ .
lighting applicable spaces are empty $998 | Lighting Control Strategies
Heating and cooling energy are reduced by Conditioning of Outside
Total heat recovery recovering heat frem building exhaust air 3641 Air Strategies
Reduced infiltration Heating and Gooling load is reduced by reducing $6593  |Other Envelope Strategias

infiltration levels

The strategies are defined in detail beginning on page 18 of the Report, as well as selected Appendix
sections, which may be found beginning on page 48. The chart on the following page provides further
visual comparison of the savings potential of these key strategies.

Hourly Whole Building analysis allows us to present integrated results. Individual conservation and
efficiency strategies can affect more than one fuel source. For example, a more efficient lighting design
will produce less heat in a building. This reduction in interior heat gain also reduces cooling energy
needs. If cooling energy is produced by electricity, those savings are integrated into the Annual Dollar
Savings above. However, that more efficient lighting may cause a need for more heating energy in the
winter. If the heating energy came from consuming gas, the additional heating cost would also be

reflected in the values above.

We use the same methodology throughout this Report. A positive Annual Dollar Savings means that the
offsetting changes between electric consumption, gas consumption and central or district energy
consumption result in a savings.
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Annual Energy Savings
$0 $4,000 $8,000 $12,000

$16,000

As-designed mini-
split heat pumps
(Apartments)

Lowest wattage
lighting design

Appliance
efficiencles

58 control of
bathroom exhaust
fan

Fan system power
reduction

Best SWH system

Max envelope

Occupancy sensor
confrol of fighting

Total heaf recovery

Reduced infittration

Key Observations

® The as-designed mini split heat pump system shows the highest savings and incentive potential. The

Potential Incentive Range
$0 $15,000  $30,000 $45000 $60,000

| |

—
-

-
N

mini-split heat pump units show heating, cooling, and fan energy savings compared to the baseline

system

» Reduced lighting power densities in the apartment spaces and common areas also show significant
savings potential. The lighting design savings above account for as-designed lighting power densities
in the apartments, efficiency units, corridors, and stairs; and a 30% lighting power reduction is

applied to all remaining spaces

" EnergyStar appliances and low flow showerheads and faucets show significant equipment energy

savings
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Strategy Descriptions and Results
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Envelope Insulation Strategies

Strategy Objectives

Minimize heat loss through cost-effective insulation choices,

Strategy Descriptions

The envelope insulation strategies incorporate additional insulation to the roof and walls of the building.
The insulation R factors listed in the table below are overall average thermal resistance values of the
entire wall or roof assembly, accounting for:

» Effects of thermal bridging of structural elements such as studs, joists, columns, etc.
*  Average thickness of tapered roofs

= Average for multiple wall or roof assemblies

»  Exierior and interior finishes and air films

The following table identifies a few wall construction types to illustrate the effect of thermal bridging.

Thermal Bridging in a Stud Wall Typical Construction Assembly
8" metal studs with R-19 batt insulation R-10 (U-0.10)
6" wood studs with R-19 batt insulation R-16 (U-0.08)
6" metal studs with R-19 batt insulation and R-6
" . : . . R-16 (U-0.08)
(1" palyiso) continuous insulation
8" CMU with R-12 (2" polyisocyanurate) continuous
& cmL (2" polyisooy ) R-16 {U-0.06)
insulation
Str;t)egy Envelope Insulation Strategies Baseline Strategy Level MNotes
EVWNOO Baseline wall assembiy: non-residentialf residential R-15.6/ R-19.6 R-15.6/ R-19.6
EWNO1 R-20 wall for non-residentlal, R-20 wall for residential R-15.6/ R-19.6 R-20
EVYNO2 R-25 wall for non-residential, R-25 wall for residential R-15.6/ R-19.68 R-25
EVYNDS R-30 wall for non-residential, R-30 wall for residential R-15.6/ R-10.8 R-30
ERNDO Baseline roof assembly: non-residentia’ residential R-37/ R-37 R-37
ERNO9 R-80 roof for non-residential, R-5C roof for residential R-37/ R-37 R-50
ERND2 R-80 roof for non-residential, R-60 roof for residential R-37/ R-37 R-80
MidAmaerican Energy Altoona Towers, Altoona, 1A
Commarcial New Construcfion Program © THE WEIDT GROUP Strategy Report
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Envelope Insulation Results

Wall Insnlation Variations

$0

[T

Wall Anhual Energy Savings
$750 51,500 $2,250

:

$3,000

R-20 wall for non-
residential, R-20 wall
for residential

R-25 wall for non-
resldential, R-25 wall
for residential

R-30 wall for non-
residential, R-30 wall
for residential

Roof Insulation Variations

$0

L

Roof Annuat Energy Savings

§750 §1,600 $2,250 53,000

R-~50 roof for non-
residential, R-50 roof
for residential

R-80 roof for non-
residential, R-60 roof
for residential

Key Points

Wall Potential Incentive Range
$0 $2,500  $5,000  $7,500  $10,000

Roof Potential Incentive Range

$0 $2,600 $5,000 $7,500  $10,000

» Increased insulation values for roof and walls generally save heating energy
= In general, increasing roof and wall insulation values will not be as cost-effective as the other
strategies that have been investigated
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Other Envelope Strategies

Strategy Objectives

Reduce undesired heat foss or gain through cost-effective envelope upgrades beyond increased thermal
resistance.

Strategy Descriptions

Reduced Infiltration: Represents reduced infiltration via improved construction practice. More
information on construction practice strategies may be found in ASHRAE 90.1-2010 Section 5.4.3 Air
Leakage. Reduced infiltration strategy credit will require air barrier construction photos of key wall
locations prior to enclosure and blower door test results. Blower door testing fees are the responsibility of
the Owner or Design Team,

The calculation methodology for reduced infiltration strategies is still under development for many
energy efficiency standards, including ASHRAE 90.1 and the Performance Rating Method described in
Appendix G. In addition, the test protocols to determine a building’s air infiltration are not representative
of a building’s operational condition. Air infiltration testing is conducted using a blower door test with a
fixed test pressure drop of 75 Pa placed on the building which is approximately equivalent to a constant
25 mph wind. Under these conditions a “baseline” infiltration value is around 0.4 c¢fm/sf, where the
denominator square footage is the entire exposed envelope area of the building. The “improved”
infiltration value reported here is assumed to be 0.25 cfim/sf, again when the building is subject to a 75 Pa
test pressure drop.

In reality, infiltration is subject to the exterior wind velocity and direction, as well as the building’s
pressurization developed by the air handling system. In addition, tall buildings exhibit a “stack effect”
which draws in exterior air near the ground and relieves it near the top of the building naturally, similar to
the draw through a chimney. The program modeling methodology does not have the capability to model
all of these factors.

For this energy model, the baseline is simulated with a 0.6 (apartments) and 0.1 (common spaces) air
change per hour infiltration rate, and the program adjusts this rate according to the operating schedule of
the ventilation system and the wind speed/direction from the weather file. Reduced infiltration envelope
measures are calculated using a ratio of “improved-to-baseline” assumptions.

Window Quilts: Represents reduced infiltration and improved window characteristics through the
installation of window quilts on all windows and sliding doors throughout the apartments and common
areas.

Strategy

D Other Envelope Strategies Baseline Strategy Level  Notes
EWRF2 Reduced infiltraticn standard reduced
EWWQ2  Window Quitts no quilt quilt
MidAmerican Energy Altoona Towers, Altcona, 1A
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Other Envelope Results

Annual Energy Savings Potential Incentive Range
$0 $750 %1,500 $2,250 $3,000 $0 $2,500 $5000  $7,500  $10,000

Reduced infiltration

Window Quilts

Key Points

* The reduced infiliration show some savings potential over the baseline

= Use of window quilts shows some energy savings potential when compared to baseline manually
controlled blinds

MidAmerican Energy Altoona Towers, Altoona, 1A
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Glazing Strategies

Strategy Objectives

Manage heat gain, and daylighting through appropriate glass selection,

Strategy Descriptions

A variety of glass types are evaluated compared to the Baseline level glass assembly.

The strategies listed below bracket a range of glazing characteristics which are available from a number
of manufacturers, along with a much larger range of variations based on extent and color of coatings and
tints, number of panes and suspended films, etc. Other characteristics specific to one manufacturer or
product can be simulated.

increased / L/"\ Clear
davtighfing 070 : - Iow-e¢
/ Reduced SHGC low-g
.60 * .
0.50 <3 . .
; ot Reflactive
" ~ o fin
0,30 g
020 —ed
010
reduced 0.00 Y 1 T T " .
lare 0.00 0,05 010 015 0.20 025 0.30 .35 0.40
cooling SHGC heating
benefits bensfits

Strategy

Glazing Strategies

Solar heat gain coefficient (SHGC) is
the fraction of total incident solar radiation
that is transferred through the glazing
system.

Visible light transmittance is a ratio of
the amount of light radiation transmitted
through the glass compared to the amount
of light striking the exterior surface,
Higher values provide more daylight.

Uniit COG Visible

U-Factor U-Factor Trans.

WGAD1 Baseline; Nonmetal framing 0.35 N/A 0.40 0.44
WGBO01 Design Glass; M1 Casement 0.27 0.24 0.25 0.44
WGCo1 Design Glass: Sliding Doors 0.31 0.28 0.32 0.58
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Glazing Results

Annuai Energy Savings Potentiat Incentive Range
$0 $250 $500 $750 $1.000  $1,250 %1500 $0 $500 $1,000 $1,500 $2,000
| | | |

Design Glass: M1
Casement
Design Glass:
Sliding Doors

Key Points

* The as-designed glazing systems for the windows and sliding doors show some heating and cooling
energy savings compared to code glass

= Note that these results do not include daylighting controls, and thus the effects of Visible
Transmittance are not accounted for. See the Daylighting Controls section that follows for the impact
of Visible Transmittance
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Daylighting Control Strategies

Strategy Objectives

Reduce eleciric lighting in spaces with daylight, utilizing automated or manual controls.

Strategy Descriptions
Two types of daylight controls are considered for various spaces in the building,

Stepped Daylighting Control Systems turn off selected
lamps/fixtures within the daylight control zone, This works
best where the daylight level is above the design light level
most of the day. Control device options include exterior or
interior photo-sensors measuring the daylight source
connected to a lighting relay able to switch lights on or off

based on daylight availability or an astronomical time clock, T 1.5xH l
programmed to automatically switch lights off after sunrise

and on before sunset, varying daily.

Dimming Daylighting Control Systems use interior photo-
sensors to control electronic dimming ballasts that gradually
dim or brighten lamps within the daylight zone. This system
can be transparent to the building occupant since the
dimming system continuously maintains the designed light
levels without switching lamps on or off.

f 1.5t02.6x T

Strategy

Region of Daylight
building Control

Daylighting Contral Strategies Notes

DGAOZ Exercise Stepped Daylighting Fluorescent Stepped 1,408 sf of area controlled
DGAO3 Exercise Dimming Daylighting Fluorescent Dimming 1,877 sf of area controlled
DGAO4 Common Room Stepped Daylighting Fluorescent Stepped 543 sf of area controlled
DGADS Common Room Dimming Daylighting Fluorescent Dimming 724 sf of area controlled
DGACS Stairs Stepped Daylighting Fluorescent Stepped 1,728 sf of area controlled
DGAO7 Stairs Dimming Daylighting Fluorescent Dimming 1,728 sf of area controlled

Automated mullistep daylighting conirols for primary sidelighted areas = 250 sf Is required by 90.1-2010
Automated multistep daylighting controis for foplighting wihen ares under skylights or rooflop monifors > 900 sf is required by 90,1-2010
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Daylighting Control Results

Annual Energy Savings Potential Incentive Range

30 $50 $100 $150 $200 $0 $200 $400 $600 $800

Exercise Stepped
Daylighting

Exercise Dimming
Daylighting

Common Room
Stepped Daylighting

Common Room
Dimming Daylighting

Stairs Stepped
Daylighting

Stairs Dimming
Daylighting

Key Points

= Daylight control strategies provide some lighting energy savings

 Daylighting control in the stairs area has been applied to 50% of the lights on each landing. The
stepped strategy is showing higher savings potential than the dimming stralegy, as the stepped
strategy is assumed fo turn completely off while the dimming control is assumed to dim to a
minimum level (30%)
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Stepped Daylighting Controls

typsil. interior Photosensor 2. Exterior Photosensor 3. Astronomical TimeClork
Viewing Out to Window Viewing out to Sky
Can have one sensor and relay Provides one contrel for alt Part of BAS or stand-alone
for each orientation and by flocr perimeter lighting control relays In|  component. Provides one control
¥ desired. IMPORTANT to shisld |  bullding. for all perimeter ighting cordrol
sensor fram light from indirest relays in building.
fixtures hanging below it
advantage! CGreater control of light for space | Fewer cansors to calibrate Simple system to setup and
operate
disadvantage] More controls to calibrate Less energy saving due to wider | May need overide during
deadband ssetling periods of very dark cloud cover
sensor ranged  10-200 FG 100-1000 FG N/A
calibration;  OFF & 50-100 FG & OFF & 8001000 FC and Set latitude of buliding location
ON at 25-50 FG ON at 300-800 FC OFF: 1 to 1.5 hours after sunrise

ON: 110 1.5 howrs befors sunset

b Y

FORATTATTV AR

i v G weE Wt e 2 ‘eﬁiﬁgﬁ ¢ %paﬁaﬂgn

Window head ht'H'

&

Daylight Control Zone Depth = [
{ 1t L5 window head height )

h 4

Control lambs In fixtures where daylight fevel I8 normally above design light level and DO NOT
sontrol ALL lamps in each fixture,

Tandem wire baliasts in each lamp to provide inboard/outboard switching for oceupant control.

3-amp fixture with famps denoted by '@ are on the daylight relay and famps
dencted by ' O 'are not,

Diagram above Is for a typleal open office space. For plassroom spaces provide™aba” switching for
all light fixtures in room and piace the inboard lamp on the daylight control relay.
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Dimming Daylighting Controls

fype  Continuous Dimming Closed Loop Photosensor & Controifer

Controller and Photosensor can be separate or single device.

For open plan office use at least one sensor per space per ficor per orientation,
For tlags room spaces use one sensor coniroliing all lamps in room.

Electronfc Dimming Ballast

Use electronic dimming ballasts for all lampe In the daylight control zone. Connect control wires (yplcally
tow vohage) from photosensor controlier to ali dimming ballast in'the control zone.

advantage, Conlinuous & gradual dimming of the light source improves the ocoupant comfort & reduces the potential
complaints compared to the stepped daylighting contral.

Additional savings with lurnen maintenance: Brand new lighting systems provide 20 to 35% more Hight

than desired 1o account for the degradation In Hight oUtput over time, A well-calibrated control system

provides additional savings Dy dimming lamps to the desired light level, with or without daylight,

disadvantage| Higher first cost compared to stepped daylighting control.

sensor tange! 5100 FC

calibration| Photosensor & Controller

Max. dimming setpoint:  Sef fo begin ditmming at design light level- typ. 50 FC
Min. dimming setpoint:  Set to dim no less than 20% of full fight output

Time delay: Bet from 3 to 8 minutes

Fade rate: Specify at least.a 20 second time fade from min. to max. dirruming
Gonirol output signat: Bpecify compatibility with ballast input signal, typically 1-10 vdo

Dimming Balfast
Min. dimming range: 10 1o 20%
No. of ballasts on control: Chieck the manufacturer's min & max number of ballasts per control

Sensor Depth=1/2t02/3xD

< ?

controler &

"
Fa

Window head ht.'H'

£
»

Daylight Control Zone Depth e D
{2 to 2.5 window head height H- control fixture jamps within this zone) ’

3

A Continuous Dimming Photesensor ypically views a 80%cone of view of the workplane luminance.
For indirest fixture designs It s IMPORTANT to shield or locaie sensor below fixture to prevent
unwanted light from fixture directly controiling systern.

MidAmerican Energy Altoona Towers, Altcona, |1A
Gommercial New Construction Program €@ THE WEIDT ROUP Strategy Report

February 20, 2014 Privilaged and Confidenfial 27



Daylighting Control Zones

aagapesl

1

Building B — Level One Floor Plan
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Building B — Level Two and Level Three Floor Plan
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Lighting Control Strategies

Strategy Objectives

Reduce electric lighting energy by turning lights off (or down) when they are not needed.

Strategy Descriptions

Occupancy sensor control is appropriate for most space types where it is common for lights to be on when
no one is present for periods throughout the day. To reduce “False-Ons” the sensor should not view out a
door or into adjacent spaces. A wall switch is still required to allow occupants to turn lights off when space
is occupied.

Dual level occupancy sensor control of lights is applicable for smaller enclosed spaces. The control
comprises an occupancy sensor with two switches that control two separate lighting circuits in the room. The
circuits connect separate fixtures in the space or separate lamps in each fixture. As the wall-mounted sensor
detects occupancy, it switches ‘on’ one of the lighting circuits, The other circuit has to be manually turned
‘or’. If no occupancy is detected for an extended period, the occupancy sensor switches “off both circuits. If
the space has access to daylighting, the savings can increase further. Presently, this type of integrated sensor
is manufactured by Lutron, Sensor Switch and Wattstopper,

Dual level fixture is applicable for rooms with variable light level
requirements. Manual switches provide for two or more levels of light
output. These strategies provide greatest savings opportunities when
switch design follows an inboard—outboard (“b” lamp “a” lamp) scheme
per fixture,

Df eve! a & b switches a
Entry fo room

Strateay Annual hrs

Lighting Contro! Strategies Peak reduction Notes

reduction
LCCH Circulation occupancy sensor control 20% 30%
LCCI2 Circulation ceoupancy sensor control to 1/2 leve] 10% 15%
L.CST1 Storage ocoupancy senscr contrel 50% 70%
LCME1 Mech/elec occupancy sensor control 50% 70%
LCRR1 Restroom eccuparicy sensor control 35% 55%
LCFT1 Exercise occupancy senscr control 25% 40%
LCLR1 Locker Room & Shower cesupancy sengor control 30% 50%
LCCM1 Community Room ococupancy sensor centrol 25% 40%
LCPO1 Private office accupancy sensar control 15% 40%
LCPO3 Private office dual level ocoupancy sensor control 20% 45%
LCPO4 Private office dual level fixture 15% 15%
LCOO1 Open office occupancy sansor control 0% 40%
LCLAT Laundry occupancy sensor control 25% 40%
LCSV1 Serving oceupancy senscr control 5% 25%
LCSWH Slairs occupancy sensor conirol 20% 30%
LCBW2 Stairs occupancy sensor contrel to 1/2 level 10% 15%

80.1-2010 requires space control with dual level fixtures as well as occupancy sensors in most spaces
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Lighting Control Results

Annual Energy Savings Potential Incentive Range

$0 $100 §200 $300 5400 $500 3600 $0 $760 $1,600 $2,250 $3,000

Girsulation : : : ! ‘
control
Circulation
OCOUPaNcy Sensor -
control to 1/2 level

Storage occupancy
sensor control

Mech/elec cccupancy g
sensor control i

Rastroom occupancy
sensor control

Exercise occupancy
sensor control

Locker Room &
Shower occupancy
sensor control

Community Room I

accupancy sensor
contro|

occupancy sensor

Private office I
control

Private office dual
level oocupancy
sensor control

Private office dual
level fixture

Open office
acolpancy sensor
control

Laundry occupancy
sensor contral

Senving occupancy
sansor control

Stairs occupancy
sensor control

Stairs ccocupancy
sensor control fo 1/2 l

level

Key Points

= Savings due to occupancy sensors can be significant for a building with diverse functions and rooms
with intermittent use

* Depending on the base lighting level and occupancy assumptions, some space types save more
than others

» Ifyour occupancy patterns are different from those assumed for this model, savings could vary from
results presented
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Lighting Design Strategies

Strategy Objectives

Reduce electric lighting energy through appropriate lighting equipment selection and layout.

Strategy Descriptions

The design strategies listed below may combine
various light sources, luminaire types, layouts,
and surface reflectances (wall, ceiling, etc) to
achieve a desired light level in footcandles (fc).

Liaoht Source Relative Efficacy [Im/w]

Tungsten incandescent |12 fa s
Tungsten quartz halogen |
Compact fluorescent
Standard metal halide 400w

. ; "
Light Source Type has the largest impact on oo start matal halc 4500

reducing the overall lighting power density. Light

. ' . . Standard T8 fluorescent

sources with high efficacies (high lumens per ,
. . . High output T5 fiuorescent
Watt) will require less power for the same light Standard T5 flsorescent
Olltpl..lt, all other factors being equa}. The gra'ph 10 Super T8 fluorescent
the right shows the average efficacies of various LED

light sources. These values are known as relative
efficacies because they are for the light source
only, before taking into account losses from the
fixture, optics and other compoenents.

*No relative efficacy listed because an
LED light source cannot operate without
driver electronics and a thermal
management sysiom.

Luminaire Type also influences lighting power density because some Juminaires are more effective at
providing general ambient lighting, while others are intended to provide directional and/or supplemental
lighting. dbsolute efficacy accounts for the combined efficiency of both the light source and the
luminaire. The table below shows typical ranges for absolute efficacies of various types of complete
luminaires (lamp plus fixture and other components).

Recessed Downlight Compact Fluorescent 27-53
LED 33-75
Track/Spotlight LED 25-48
2X2 Troffer 17W T8 Linear Fluorescent 49
32W T8 U-bent Flucrescent 44 - 56
28W T5 Single Tube CFL 60— 64
LED 36-80
High Bay Metal Halide 53
Biandard T8 Fluorescent 79
LED 51-80
Under Cabinet Compact Fluorescent 20-36
LED 16-54
Task/Portable Halogen 9-11
Compact Fluorescent 24 - 43
LED 16 -42

Source: DOE Commercially Available LED Product Evaluation and Reporting (CALIPER) program, Detailed Test Reports, Jul 2006 - Oct 2011

Total Lumen Output of the luminaire is also important to consider. Although a particular luminaire may
have a high efficacy (lumen output per Watt), the total lumen output may be lower than a comparable
luminaire. This is particularly true of LED luminaires. More luminaires arranged in a tighter spacing
would then be required in order to achieve the desired light level,
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Strategy
1D

Strategy |
max W/isf |

Corridor and stairs at As-designed LPC, Other public !
|

Lighting Design Strategies Baseline

LotBW spaces at 10% lower than €0.1-2007 LPD (excludes 0.68 0.53 Fluorescent
apartments)

Corridor and stairs at As-designed LPD, Other public
LOZBW spaces at 20% lower than 80.1-2007 LPD (excludes 0.68 0.50 Fluorescent
apartments)

Corridor and stairs at As-designed LPD, Other public
Lo3Bw spaces at 30% lower than 90.1-2007 LPD (exciudes 0.68 0.47 LED
apartments)

Apartment lighting alt 1, 30% lower than baseline ;

Lo1AP (includes efficiency units) 134 1.08

Apartment lighting alt 2, As-desigrned {includes sfficiency 1.54 0.43 (Apfs)
units) ' 0.57 (Eff. Units)

90.9-2010 sfightly reduces the interior lighting power allowence for most spaces. Exterior lighting allowances are also reduced in the standard.

LO2AP

Important: These are example design strategies that bracket a range of installed watts per sq. fi., based
on generic lighting design alternatives. Watts/sq. ft. is the critical metric defining each strategy — not
footcandle or system type. '

Space by Space Lighting Power Density (W/sf)

Lighting Design

Space Type Li;sm?:ﬂ LOIBW | LO2BW | LO3BW
Circulation 0.50 0.31 0.31 0.31
Storage 0.80 072 0.64 0.56
Mech/elec 1.80 1.35 1.20 1.05
Restroom 0.90 .81 0.72 0.63
Exercise 0.90 0.81 0.72 0.63
Locker Room & Shower 0.60 0.54 0.48 0.42
Community Room 1.30 1.17 1.04 0.91
Computer 1.20 1.08 0.86 0.84
Private office 1.10 0.99 0.88 0.77
Open office 1.10 0.98 0.88 0.77
Laundry 0.60 0.54 0.48 0.42
Serving 1.20 1.08 0.96 0.84
Stairs .50 0.42 0.42 0.42

Note: Apartment and Efficiency Units are excluded from LO1BW, LO2BW, and LO3BW. Lighting
improvements for these space are modeled in separate strategies listed above (LO1AP and LO2APR)
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Lighting Design Results

Annual Energy Savings Potential Incentive Rangse
$0 $2,500 5,000 $7,600 30 $5000 $10,000 $15,000 $20,000 $25,000

Corridor and stalrs at As-designed LFD,
Other public spaces at 10% lower than
80,1-2007 LPD (excludes apartments)

Caorridor and stairs at As-designed LFD,
Other public spaces at 20% lower than
90.1-2007 LPD {excludes apartments)

Corrider and stairs at As-designed LPD,
Other public spaces at 30% lower than
90.1-2007 LPD {excludes apartments)

Apartment fighting alt 1, 30% lower than
baseline {includes efficiency units)

Apartment lighting alt 2, As-designed
{includes efficiency units)

Key Points

= Successful implementation of these strategies requires the power density ranges in the table to the left
be met for each lighting design strategy selected

»  As-designed lighting power densities were provided for the corridor and stair spaces, thus the
common area lighting power strategies include the as-designed values for the corridor and stairs and
then apply a 10%, 20%, and 30% reduction to the remaining spaces.

»  As-designed lighting power densities for the apartments and efficiency units are significantly lower
than the baseline value of 1.54 W/sf, thus show significant energy savings and incentive potential
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Base HVAC Efficiency Strategies

Strategy Objectives

Reduce energy use by selecting higher efficiency systems

Cooling Strategy Descriptions

Through the wall units: Change from the base system to a high efficiency through the wall AC system.
These units will serve the efficiency apartment units, which have electric baseboard heating. The baseline
SPVAC equipment base efficiency is 9.0 EER (cooling).

Strategy

Strategy Reference

Cooling Efficiency Strategies Baseline Efficiency Size Tons

Notes

As-designed through the wall units (Efficiency

Apartments) 9.0 EER 9.8EER 0.01t05.4 Tons

80.1-2010 stightly increases the efficiency requirement of PTAC, PTHP, wafer and evaporafively cooled DX units, and water coofed chillers.

Heating & Cooling Strategy Descriptions

Mini-split heat pumps: Change from the base system to mini-split heat pumps with improved efficiency.
Mini-split heat pump units will serve each apartment space (with additional electric baseboard heating in
some larger apartments), The baseline SPVHP equipment efficiency is 9.0 EER (cooling) and 3.0 COP
{heating).

Air-cooled heat pumps: Change from the base system to heat pumps with improved efficiency. These
heat pump units will serve the fitness and community room/office areas. The baseline efficiency is 13.0
SEER (cooling) and 7.7 HSPF (heating).

Strategy Strategy Reference

1D Heat Pump Efficiency Strategies Baseline EER/COP Size Tons Notes
202 SEERI{I‘IS"I:’.'E ton weighted
MPTO1 As-designed minl-split heat pumps (Apariments) 9.0 EER/ 3.0 COP 12.8 EER! 5.6 0.0 to 5.4 Tons average
’ X efficiencies
COP
. . ) 13.0 SEERI7.7 16 SEER/ 9.0
MPTO3 As-designed heat pump {Community and Fitness) HSPE HSPFE 0.0t0 5.4 Tons
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Base HVAC Efficiency Results

Annual Energy Savings
30 54,000 $8,000 $12,000

$18,000

COOLING
EFFICIENCY

As-designed through
the wall units
(Efficiency
Apartments)

COOLING/HEATING
EFFICIENCY

As-designed mini-
split heat pumps
(Apartments)

As-designed heat
pump (Community
and Fitness}

$0

Potential Incentive Rangea
$30,000 $45,000 $60,000

$15,000

Key Points

* The as-designed mini-split heat pump system shows the highest savings and incentive potential of all

the strategies that were model

=  The through the wall units and air to air heat pump units also show some energy savings, but they are
significantly smaller in scale compared to the mini-split heat pumps which serve a much larger

portion of the buildings
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Fan System Strategies

Strategy Objectives

Reduce the fan energy necessary to move design supply and return aitflow to and from the conditioned
spaces. As these selections are integrated with other building systems, study needs to be accomplished
early in the design process.

Strategy Descriptions

Reduced fan system power: Fan power reduction strategies are design-specific, thus the potential
savings associated with the proposed design are based on the fan power included in the current design.
The following paragraph provides an example of one approach to reducing the fan system power,

* Fan efficiency: Sclect fan components with improved operating efficiency. These may be
accomplished through the design of the fan housing or the blade pitch. Careful selection nearest
maximum efficiency can help reduce static losses inherent within the fan.

Str?tt)egy Fan Strategies Baseline Strategy Level  Notes
MFDOG Baseline fan system power limitation Section 6.5.3  Maximum allowed  0.31 bhp/1000cim
MFDO4 Propesed fan system design at 0.17 bhp/1000 cfm Section6.5.3  proposed design 017 bhp/1000 cfm

90.1-2010 keeps requirement for VFD on VAV fan motors af 10 hp and larger,
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Fan System Results

Annual Energy Savings Potential Incentive Range
$0 $500 $1,000 $1,500 $2,000 $2,500 $3,000 $3,500 $0 $5,000 $10,000 $15,000

I 1 I i L 4

Baseline fan system
power fmitation

Proposed fan system
design at 0.17
bhp/1000 efm

Key Points

= A reduction in fan power associated with the mini-split heat pump systems serving the apartment
spaces shows significant fan energy savings and incentive potential
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Conditioning of Qutside Air

Strategy Objectives

Reduce energy use by adjusting the volume of outside air that needs conditioning according to the actual
building load or by recovering heat/cool from return air or equipment.

Strategy Descriptions

Sensible Energy Recovery: This strategy represents recovery of sensible heat from the exhaust air
streans to the unconditioned ventilation air. This strategy may be accomplished with a run-around loop,
flat plate heat exchanger, heat wheel, or heat pipe heat exchanger. This strategy is assumed to have an
effectiveness of 65% at design airflow and temperature, and applies to fitness area of the building. The
strategy also assumes that 90% of the building exhaust volume is gathered for energy recovery use.

Total Energy Recovery: This strategy represents recovery of both sensible and latent heat from the
exhaust air streams to the unconditioned ventilation air. This is typically accomplished using an enthalpy
wheel or permeable membrane cross-flow heat exchanger. This strategy is assumed to have both sensible
and latent effectiveness of 65% at design airflow and temperature, and applies to fitness area of the
building. The strategy also assumes that 90% of the building exhaust volume is gathered for energy

recovery use,

Strategy Conditioning of Outside Air Strategies Baseline Sfrategy Level Notes
MOAD2 05 control of bathroom exhaust fan No confrol 5 control
MHRS1 Sensible heat recovery (Fitness) No recovery 65% Effic
MHRT1 Total heat recovery (Fitness) No recovery 65% Sensibla B5% latent

90.1-2010 requires energy recovery oh more AHUs based on oufdoor air volumes.
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Conditioning of Outside Air Results

Annual Energy Savings Potential incentive Range
$0 250 $500 $750 $1,000 5o $500  $1,000 $1,500 $2,000 $2,500

] I

Sensible heat
recovery (Fitnass)

Total heat recovery
{Fithess)

Key Points

* Heatrecovery for the dedicated outside air system serving the fitness room shows some energy
savings potential, with minimal additional savings when adding the latent effectiveness of the total
heat recovery option
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Heat Recovery Control Issues

All heat recovery systems must be able to control the capacity of the heat recovery both to prevent
overheating of ventilation air during milder weather and to prevent frost buildup during colder weather.
One method of capacity control that applies to all heat recovery system types is the use of an air bypass
around the heat recovery media. For run-around loop heat recovery, capacity can be reduced by varying
the liquid flow rate, either by throttling or by a variable frequency drive on the pump motor. For heat
wheel systems, capacity can be reduced by a variable speed drive on the wheel motor. These issues are
best described by examples.

Overheating

To illustrate the issue of overheating, a simple heat wheel can be considered, with a heat recovery
effectiveness of 75% and a ventilation rate of 20%. A schematic of the heat wheel as it is situated in an air
handler is shown below.

/E/EA 2 Exhaust air Return air

: .- Tea2, Wea2 g Tra, Wrae:;;. ' / / Tra, Wra

:\ Outside air ‘g 0A2 Mixed air
I_\\\: Toa, Woa * Toa2, Woa2 Tma, Wma

The following table shows the performance of the heat wheel at different outside air temperatures. For
each outside air temperature, the table lists the mixed air temperature with no heat recovery, the mixed air
temperature with full heat recovery, and the desired mixed air temperature that would just meet the
requirements of the air handler. At an outside air temperature of -10 F, the full output of the heat wheel
would raise the mixed air temperature to 68 F, or | F above the desired temperature of 67 F. In order to
prevent this overheating, the capacity of the heat wheel must be reduced to 93%. As outside air
temperature increases, the “full recovery” mixed air temperature increases and the desired mixed air
temperature decreases due to reduced envelope heat loss. Further reductions in heat recovery capacity are
needed to prevent overheating of the mixed air and subsequent re-cooling. For outside temperatures
ranging from 20 F to 60 T, the heat wheel must be completely disabled, and the system operates in
economizer mode,

_ Percent _ Toa2, full Tma,no Tma, full Tma, Heat
Efficiency OA recovery recovery recovery desired recovery
' part load
75% 20% 72 -10 52 56 68 67 93%
75% 20% 72 0 54 58 68 65 B89%
75% 20% 72 10 57 60 69 63 37%
75% 20% 72 20 58 62 69 61 0%
75% 20% 72 30 62 64 70 59 0%
75% 20% 72 40 64 68 70 57 0%
75% 20% 72 80 69 70 71 55 0%
75% 20% 72 80 74 74 72 55 100%
75% 20% 72 100 79 78 73 53 100%
MidAmerican Energy Altoona Towers, Altocna, 1A
Commercial New Constructicn Program © THE WEIDT GROUP Strategy Report
February 20, 2014 Privilaged and Confidential 42




Frost Control

When moist return air passes through the
exhaust side of a heat recovery system,
the temperature of the air drops, and the
relative humidity increases, If the
temperature reaches the dew point, then
water will condense out of the air, If the
temperature is below 32° F, then ice can
form, potentially damaging the heat
exchanger. For a sensible-only heat
exchanger, the process statts off
following a horizontal line on the
psychrometric chart from the return air
condition to the dew point, and it then
follows the saturation line as shown in the
figure to the right.

M, graing per pound of dry air

40 Saturation line of
. " psychrometric chart
— 7’
30 +
Return air
251 condition; 72
20 |F, 30% RH
// Reduce heat recovery
15 capacity to keep
leaving exhaust
10 4 temperature safely
above freeze point
5
0 ¢ t .
10 30 50 70
Toa, db

For a total enthalpy heat exchanger, the process follows a diagonal line on the psychrometric chart that
extends from the return air condition to the outside air condition. If the diagonal line crosses the saturation

curve (line ABC in the figure below), then condensation will occur, and possibly frost. One method to

prevent frost is to reduce the capacity of the heat exchanger (via bypass or wheel speed) to keep the
exhaust air from reaching the saturation line (point B). A more effective method to prevent condensation
is to preheat the entering ventilation air such that the line drawn from the return air condition no longer

crosses the saturation line, as shown by line A1) in the following figure.

40 ——— | Design . Saturation line of -
I condition: / psychrometric chart
-15 F, 85% RH
L3 ! :
5 o ! 2 grains / % A
E 30 I / /
[T
o
o 25 e \ .
= / Return air
] dition: 72 F
8 20 Without Preheat: SRy
@ frost problem 7 ’
% 15
A= I With Preheat:
g 10 ! /_______._— no frost problem
S 5 L
,%\/ Design OA humidity line (2 grains/lb)
0+rC D L : : t ' } ; :
-20 0 20 40 60 80
Preheat Toa, db

100
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Service Water Heating (SWH) Strategies

Strategy Objectives
Reduce overall energy use of service water heating plant and distribution systems.
Strategy Description

Improved SWH efficiency: Install improved efficiency SWH systems as listed in the table below.
Details of the base SWH system are provided with other building characteristics in the Appendices.

Strategy

D Service Water Heating Strategies Baseline Strategy Level  Notes
MHWO1 91.7% service water heating efficiency 80% at least 91.7%
MHWO2  92.5% service water heating efficiency 80% at least 92.5%
MHWO3  94.1% service water heating efficiency 80% at loast 94.1%
MidAmerican Energy Altoona Towers, Altoona, 1A
Gommerclal New Construction Program © THE WEIDT BREIUP Strategy Report
February 20, 2014 Privileged and Confidential 44




Service Water Heating Strategy Results

Annual Energy Savings Potential Incentive Range
$0 $500 $1,000 $1,500 $2,000 $2,500 0 $2,000 $4,000 $5,000

91.7% service water
heafing efficiency

92.5% service water
heating efficiency

94.1% service water
heating efficiency

Key Points

» Service water heating was a significant end use in the building, thus improvements to the service
water heating efficiency show good energy savings and incentive potential

MidAmerican Energy Altoona Towers, Altoona, 1A
Commercial New Construction Program © THE WEIDT GROUP Strategy Report

Fehruary 20, 2014 Privileged and Confidential 45



Appliance Efficiency Strategies

Strategy Objectives

Reduce energy consumption by selecting higher efficiency appliances.

Strategy Descriptions

The strategies described below are improvements over the requirements of the National Appliance Energy i

Conservation Act (NAECA),

Clothes Washer Alt 1: Change from unit that just meets Appliance Energy Act to one that just meets
ENERGY STAR® requirements, This would be a top-loading unit with low water use and improved spin

effectiveness. The performance is rated using the Modified Energy Factor (MEF), which is the load
capacity in cubic feet divided by the energy consumption per cycle (cu fi/kWh/cycle). Since the washer
spin cycle affects dryer energy, the energy consumption in the MEF includes dryer use. An MEF of 2.00

or higher will qualify for this strategy.

Clothes Washer Alt 2: Change from unit that just meets Appliance Energy Act to a unit with MEF rating
of 2.40 or higher. This would be a front-loading unit with low water use and improved spin effectiveness.

Electric use by the washer itself may increase under the clothes washer strategies, but domestic hot water

use will likely decrease, as will dryer energy use.

Dishwasher Alt 1: Change from unit that just meets Appliance Energy Act to one that just meets
ENERGY STAR requirements. Dishwashers are rated using kWh/yr of electricity and a unit that uses 295

kWh/year or less will qualify for this sirategy.

Dishwasher Alt 2: Change from unit that just meets NAECA to one that exceeds ENERGY STAR

requirements by at least 22%. A unit that uses 245 kWh/year or tess will qualify for this strategy.

Refrigerator Alt 1: Change from unit that just meets NAECA to one that just meets ENERGY STAR

requirements. This will exceed the basic Baseline requirement by 20%,

Refrigerator Alt 2: Change from unit that just meets NAECA to one that exceeds ENERGY STAR
requirements by at least 15%. This will exceed the basic Baseline requirement by 30%.

Low flow showerheads: Change from showerheads that use 2.5 gallons per minute at a line pressure of
80 PSI to showerheads that use only 1.6 gallons per minute. Energy savings for this strategy take the form

of domestic hot water consumption.

Low flow faucets: Change from faucets that use 2.2 gallons per minute at a line pressure of 60 PSI to
showerheads that use only 1.0 gallons per minute. Energy savings for this strategy take the form of

domestic hot water consumption.

For a complete list of ENERGY STAR appliances see the website: http://www.energystar.eoy

Strategy

Appliance Efficiency Strategies Baseline Strategy Level

Units Notes

ACWO1 Energy Star clothes washers, alf 1 1.26 2.00 MEF

ACWO2 Energy Star dlothes washers, alt 2 1,28 240 MEF

ADWO1 Energy Star dishwashers, alt 1 355 295 KWhiyr

ADWO2 Energy Star dishwashers, alt 2 355 245 KvWhiyr

ARFO1 Energy Star refrigerators, aft 1 NAECA 20% betler kWhiyr

ARFO2 Energy Star refrigerators, alt 2 NAECA 30% better kihiyr

AHWO1 Low flow showerheads 2.5 1.8 gpm @ B0 psi

AHWO2 Low flow kitchen and bathroom sink aerators 22 1.0 opm & 60 psi
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Appliance Efficiency Results

$0 $500

[ I

Annual Energy Savings

51,500 $2,000

$2,500

Energy Star clothes
washers, alt 1

Energy Star clothes
washers, alt 2

Energy Star
dishwashers, alt 1

Energy Star
dishwashers, alt 2

Energy Star
refrigerators, alt 1

Energy Star
refrigerators, alt 2

Low flow
showerheads

Low flow kitchen and
bathroom sink
aerators

Key Points

30

$2,000

Potential Incentive Range
$4,000 $6,000

L 1

$8,000

* All appliances save energy dollars; cost effectiveness is dependent on added appliance cost

*  Dishwashers show an electric penalty because they use more motor energy to wash dishes with less
hot water, thus dollar savings come from hot water savings

* Low flow showerheads and faucets save gas energy
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Appendix A. Building Characteristics

The following pages show some key building modeling parameters forwarded from the Design Team and
incorporated into the energy model.

These parameters have been used to characterize the building in the DOE-2.2 model.
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Building Location

Address:
City: Altoona
State: lowa

Envelope Characteristics

Select all envelope construction characteristics that apply

Wood frame X Wood Frame X c
Steal frame Steel Frame

Frame wf masonry exterior Concrete

Masonry

Metal stilat

Entirely above deck/ continuous

A
B Entirely below metal deck
Wood frame X C

Other/ Combination

Steel frame

Concrete

Nonmetal X Total U-Factor {winter} 0.27
Metal curtainwall/ storefront Center of glass U-Factor (winter) 0.24
Metal punched opening Solar heat gain coefficient 0.25

Visible light transmittance 0.44
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Building Operation Schedules

Selact scheduie that best describes ope

rational use for lights and people use

B Lighting B People

60%
40%
20%

0% +

0 3 6 9 12 15 18 21 24
Hour of Day

b £ =
Lighting B People
100%
80%
B0%
4C%
20%
0% 4
0 3 6 9 121518 21 24
Hour of Day

60% -

40%
20%

0%

B Lighting R People

0 3 6 9 12 15 18 21 24
Hour of Day

Building Type: Housing

Typical apartment schedule

Office space follows typical schedule with weekend operation
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MidAmerican Energy - Large General Service with Electric Space Heating

Price Schedule LES, Secondary Voltage

Fixed Monthly Charge $138.37  per meter

Demand Charge - Summer $7.07  perkw

Demand Charge - Winter 34.65 perkwW

Electric Summer Consumption: $50.04213  per kWh, first 250 hours x kW of demand

$0.02885  per kWh, next 150 hours x kW of demand
$0.02055  per kWh, over 400 hours x kW of demand
Electric Winter Consumpticn: $0.02664  per kWh, first 250 hours x kW of demand
$0.02442  per kWh, next 150 hours x kW of demand
$0.02055  per kWh, over 400 hours x kW of demand

Adiustments:

Alternale Energy Producer Cost Recovery Clause $0.00021  per kWh
Energy Efficiency Cost Recovery $0.00208  per kWh
Cooper Nuclear Station Capital Additlons Tracker $0.00000  per kWh
Carbon Reduction Cost Recovery, CR ($0.00030) per kWh
Revenue Adjustment Clause $0.00  perkw

Revenue Adjustment Clause ($0.00008) per kWh

Please note that charges listed above da not include the tax adjustment charges or reactive demand charges that may apply
to this building. Please see tariff and riders for more information on these charges.

Summer menths: June - September Winter months: October - May

Gas Rate Assumed for Model **

Natural gas consumption rate: $0.720  per therm*™

**Natural gas rates tend to fluctuate significantly from season tc season, based on market pricing. The rate above
I8 an arbitrary choice, with no particular prediction or endorsement of this rate by MidAmerican Energy implied.
The owner and design team may use this rate in this analysis, or suggest a rate based upon the teams' outlooks,
with regard to gas futures.

MidAmerican Energy - Residential, Apartment With Electric Space Heating

Price Schedule RHS

Fixed Monthly Charge $9.41  per month / meter

Energy Charge - Summer $0.09003  per kiWh, first 600 kwwh
$0.09003  per kWh, over 600 kWh

Energy Charge - Winter 50.08728  per kWh, first 600 kWh
$0.03204  per kWh, over 600 kWh

Adiustments:

Alternale Energy Producer Cost Recovery Clause $0.00021  per kWh

Energy Efficiency Cost Recoveary $0.00321  per kWh

Cooper Nuclear Station Capital Additions Tracker $0.00000  per kWh

Carbon Reduction Cost Recovery, CR {$0.00057) per KWh

Revenue Adjustment Clause ($0.00010) per kWh

Please note that charges listed above do not include the tax adjustmant charges that may apply to this building. Please ses
tariff and riders for more information on those charges.

Summer months: June - September Winter months: Oclober - May
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Space Type Building Characteristics

Enter design values.
If ceiling height is unknown, enter a safety factor value to allow for over-design.
If design reflectances are unknown, enter the assumed reflectancas.

Horizonal footcandle levels will be used in daylighting strategies. IESNA FC levels are from the Ninth Edition IESNA
Lighting Handbook,

Equip W/sf defines the average internal loads from computers, appliances,and production process within each space
type. It should include factors for diversity, meaning it should be

Apartment

Efficiency Apartment 9.0

Circutation 9.0

Storage 10.0

Mechfelec 10.0 07 0.4 0.2

Restroom 10.0

Exercise 9.0 0.7 0.4 0.2

Locker Room & Shower 10.0

Community Room 9.0 0.7 0.4 0.2 5 NFA 10 0.50

Computer 9.0 3 0.10

Private office 9.0 0.7 0.4 0.2 30 5 40 1.20

Open office 9.0 30 5 1.20

Laundry 9.0 0.7 0.4 0z 30 3 30 7.31

Serving 9.0 50 3 5.00

Stairs 9.0 3 3 0.10
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Average number of bedrooms per apartment

Average number of bathrooms per apartment

Average number of people per apariment

Number of apartments with laundry in unit

Is there a public laundry area?

yes
Are clothes dryers Gas or Electric? Electric
Are cooking stoves Gas or Electric? Electric
Does each apartment have its own electric meter? Yes
Does each apartment have its own gas meter? No
Apartments have baseboard heat for central boiler strategies? No
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Service Water Heating System Characteristics

Number of hot water heater units 2
Hot water tank size, gal per unit 100
Hot water heat source (Gas, Electric, or Steam) gas
Hot water heater input rate (per unit, KBTU/hr) 399
Hot water system combustion efficiency {baseling) 80%
Hot water system supply temperature, deg F 140
Hot water circulation pump flow, gpm 20
Hot water circulation pump head, feet 20
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Mechanical Zone Type Characteristics 1
|

= Enter or sefect actual values for each paramster, default values are approximate
based on standard space type conditions

« Enter an "X" to identify whal type of equipment will be used,

o § °
E 5Bl E|l o 8| | al|Esl®@| & 8| &
il c 2 = o S 3] ] a e 5 e |
E |gE|l & © g o o 2= & =1 S |
= 5T = 5 = +2 o Q c &L c =]
S eg 2|3 | 2|8 |8 |85 25| 8|8
-l [=]
Space Type &
B e ey
e X X X X X X X X X X X
X X X X X
X X X X X X X X X
0.46 0.00

1.00 | 1.00 | 1.00 | 1.00{ 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00

046 0.00
1.00) 100 | 1.00| 100|100 | 1.00 | 100! 1.00| 1.00 | 1.00 | 1.00 | 1.00

0.00) 0.0/ 006 | 007} 006 | 0.01|026| 050|030|0.08/| 009|017
qr=] 0.08 | 0.13 | 0.00 0.00

Zone heat source
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Mechanical Zone Type Characteristics

« Enter or select actual
values for each

* Enter an "X" to identify what type of equipment will be used.

Serving
Stairs

Space Type
Al = ] X X

X
x X
Perimeter Zone:
nes haveds
Gl 1.00 | 1.00

1.00

0.08

0.00
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Alr handler and fan characteristics

Corridors

Central coollngl terminal reheat

Cantral cooling/ fan powered terminal reheat

Four plpe fan coll

Water loop heat pump

Ground heat pump

Packaged single zone units X

Packaged terminal A/C X X X X

Heating and venlilation unit

Dedlcated outside air system (DOAS) x

Exhsust fan

Consiant volume

Variable air volume

Supply ofm

Minimum cutside alr ofm

Design Min % outside air 35% 100%
Is Quiside alr defivered by DOAS? Y

Expected Exhaust ¢fm (1)

(1) Thfs Is the expected exhaust from the air handler after accounting for bun'dmg pressurization and toilel exhaust

Alr-side economizer (non-integrated)

Alr-slde econo (Integrated)

Drycooler

Waler side econom|zer

Fixed cfm

] rl?rgpqrtional 0 supply cfi
mafe

S-ufapl-yu(-iﬁcluding ﬁlrers), inches wc

Fitters only, inches we

Return, inches we

I_§x_haqst. Inches we
Ean horsepoler—
Supply fan hp

Return fan hp

| Exhaust fn hp

Hot water coil

Gas bumer

Electrie resistance X X

Heat purop X X X

Other:
Golifg kAN System T i e stEmSIake. detaiat ont
No cooling X X

Air cooled chiller

Water cooled chiller

Heat pump

Dlslrict coollng

Alr c.uoled DX packaged or split X X X

Air cooled DX condensing units

Evap. Cooled DX Rooflops

Base design efficiency, EER

- nclude evaporalor fan?

Allernate design efflclency, EER

- Include evaporakor fan?
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Heat Recovery Characteristics

65%

Recovery effectiveness (winter}

Recovery effectiveness (summer) 65%

Supply Static 0.75

Exhaust Static 0.75

Bypass when heat recovery not needed? Yes

Wheel motor hp 0.25
Capacity/Frost control Capacity Frost
Wheel speed X X
Outside air bypass

Exhaust air bypass

Trim economizer

No control

Frost control calculation

Keep exhaust air above 33 F

Sensible effectiveness (winter)

65%

Sensible effectiveness (summer) 65%

Latent effectiveness 65%

Supply Static 0.75

Exhaust Static 0.75

Bypass when heat recovery not needed? Yes

Wheel motor hp 0.25

Capacity/Frost control Capacity Frost

Preheat outside air -

Preheat exhaust air

Wheel speed

Qutside air bypass X X

Exhaust air bypass

Trim economizer

No centrol

Frost control calculation

Keep exhaust air above 33 F

Based on winter design OA condition

Done by real time calculations X
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Appendix B. Detailed Results

The following pages provide detailed energy analysis results in terms of cost, consumption, and demand

calculations for the base building and all strategies.
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Energy Costs
130,751 SQLFT.

Itemlzed Costs Totals per bidg sq. ft | Totals for Bulilding
k]
" 2 ] " .
i 0§ & 5 3 3|é O B
g g 2 = 9 2|3 5P § 5 3
Strategy E & £ & 9 ElEE 25 2 i i
Basgsline; QODE1 $.417 5114 $.080  $.087 5149 5268| $4.12 $146,007

R-20wall for non-residential, R-20 wall for residentlal; EWNC1 5415 $.115 $.080 $.087 §149  §269| $1142  $0.00 0.1% $145,788 $211
R-25 wall for non-restdentlal, R-26 wall for residential; EWNO2 | 5408 §.148 $.080 3087 $148 §$269] $11 s0o0d 0.6% $445,118 %689
R-30wal! for non-reskdential, R-30 wall for residential; EWNO3 | $.404  $.116 $.081 5087 §.149 $280| S50 S0 0.9% | $i4d4.567 $1,340
R-50 roof for nan-residentlal, R-50 roof for residential; ERNO{ 5416  §.115 $080  $.087 $.149  $269] S 5000 0.2% $145,702 $305
R-60 roof fer non-residentlal, R-60 roof for recidential, ERNOZ | $.413  $.115 $080 5087 §149 $.269] S111 S0.00 0.3% | $145557 §450
Design Glass: M1 Casament, WGE01 8416 $111 $080 5087 $.148 5269 S §0.00 0.4% $1a5418 $589
Design Glags: Sliding Doers; WGGO 5417 $.113 $080  B087 5140 5280 $6AT §0.00 0.2% $145,771 $236
Reduced Infilration; EWRF2 | §.411  $.118 $080 %087 §149 p260| 5611 §0.00 0.4% $145414 $4503
Window Quills; EWWG2 $.420  $.108 $.080  $.087 §140  5289] S$441 $0.00 0.3% $145,637 $370
Exercise Stepped Daylighting; DGAD2 $.418  $.114 $080  $.087 5148 5269 612  §0.00 0.1% $145,928 $79
Exercise Dimming Daylighting; DGA03 [ $.418  $.114 $.080 5087 $.147 3280 $442  $000 0.1% $145,891 $116
Gommon Room Stepped Daylighting; DGA04 | $.418  $.114 $.080 %087 $148  $260| $142  $0.00 0.0% $345.972 $35
Common Room Dimming Daylighting; DGAOS | $.418  $.114 $.080 5087 $.148 52695 $1.12  $0.00 0.0% $145,863 $44
Stalrs Stepped Daylighting, DBA0G $.418 5115 $.080 5.087 $.147 5269| #1142  §0.00 0.1% $145,885 $122
Stalrs Dimming Paylighting, DGAOT §.418 5115 $.080 5.087 §.147  $269| $1.12 %000 C.1% $145,004 $103
Circulatlon oceupanoy senser control; LCCI | $.420  $.415 $080 5087 $142  $269]| 111 50.00 0.4% $145,489 $518
Circulation cocupancy sensor control to 1/2 level; LCCIZ | $.419  §.115 $080 5087 §$.145 $260| S611 %000 0.2% $145,750 4257
Storage oocupancy sensor control, LECSTY $418  $.114 $.080  $.087 5149 5269 $412  $0.00 0.0% $146,001 56
Mechfelec occupancy sensor control; LCMET | $.418  $.115 $08) 5087 §147 3269 $412  $0.00 0.1% $i45010 $o7
Restroom oocupaney senser control, LORR1 417 $.114 $080 5087 §149 3269 $142  $0.00 0.0% $146,002 &5
Exercise occupancy sensor contral; LSFT1 $.418  §.114 $080 5087 $.146 3269 $1.12  $0.00 0.1% $145.853 $154
Locker Room & Shower oceupancy sensar contral; LOLR1 | $.417  $.114 $080 5.087 §$.140 $262] $142 j000 0.0% $146,002 $5
GCommunity Room occupancy sensor control, LCCM1 | $.418  $.114 §$.080 $.087 $148 $269| $142 5000 0.0% $145,079 $28
Private cffics occupancy senser contral; LCPO1 | $.418  $.114 $080 5.087 5148 $.269f $112  $0.00 0.0% $145,082 $25
Private office dual leve! ocoupancy senser contrel; LOPO3 | $.418  $.114 5080 $.087 $.148  $268) $112 50.00 0.0% £145,077 $30
Private office dual level fixiure; LCPO4 §.418  §.114 $080 5087 5149 $265) $1.12  $0.00 0.0% $146,996 M
Open office oosupancy sensdr eentrel, LCOOT | $.498  §.114 3080 $.087 £149 $288F $1.12 $0.00 00% | $i45988 $21
Laundry cccupancy sensor control, LOLA1 $497  $114 5080 $.087 $149 $.268 $112  $0.00 0.0% $148,002 55
Serving occupancy sensor conlrol; LSSV §417 114 $.080  $.087 5149 5268} $112 30.00 0.0% $446,002 $5
Stale cocupanay sensor control, LCSW1 | $.419  $.115 5080  5.087 8146 §£269| $142  $0.00 0.1% $145,878 §$120
Staire oceupancy sensor conirel lo 142 level, LOSW2 3418  §115 §080 §o087 $148 $269| $112  30.00 0.0% $145,030 $88

Corridor and stairs at As-designed LPD, Other public spaces al 10% lower than 80.1-2007
LPD {excludes apartments), LO1BW | $.422  §.115 5080 §.087 $.137  $260( $1.11 3001 0.5% $145,239 §768

Gorfldor and stairs at As-designed LPD, Other public spases at 20% lower than §0,1-2007
LPD (excludes aparimenisy; LOZBW | $.423  §.115 5080 5087 51435 $269| $141 $001  06% [ $145156 $851

Gonridor and stairs at As-designed LPD, Other public spaces ai 30% lower than 80.1-2007
LPD {ekcludss spartmens);, LOIBW | $424  $115 $080 $087 3934 $269( $1.41  som 0.6% | $145071 4036
Apartment fighting alt 1, 30% lower than baseline (Includes efficlency unite); LOAP $428 5110 3080 §087 3520 $269| $1.40 3002 1.8% $143,311 $2,606
Apartment lighting alt 2, As-desgned {inciudes efficiency unlis); LOPAP $.445  £.103 $.081 §.087  3.081 %269 $1.07 30.05 4.5% $133.410 $6,687
As-designed through the wall units (Efficlenay Apartments); MPTD2 $417  $114 5080 5087 $.140 526D| $142 3000 0.1% $145,925 $a2
As-designed minl-split heat pumps (Apartments); MPTO4 $368  5.076 8080 §087 $.149 $.289( $1.01 3011 9.5% $132,101 $13,906
Ag-designed heat pump (Community and Fitness), MPTO3 | $417  §.113 $.080 5.087 5148 $260( $1.12  $0.00 0.1% $145,833 $174
Bagellne lan system power limitation; MFDDO $417 R4 $.080 5.087 $i49  $269| $112  $0.00 0.0% $146,007 0
Propased fan system design st 0.17 bhp/1000 ¢im; MFDO4 5433 5108 $.044 5087 148 5260 $1.09  $0.02 2.2% $142,752 $3,265
D3 control of bathroom exhaust fan; MOAD2 5372 5425 $.084  $087 $149 $.269| $1.00  $0.03 2.T% §142,022 $3,085
Senslble heat recovery (Fiiness), MHRS1 5412 RS $.080 §087 %142  5.26%| 5441 $0.00 0.4% $145,369 $618
Total heat recovery (Fitness), MHRT 5412 $.114 $.081 $087 $14% §289| $1.41  $0.00 0.4% $145,268 $841
91.7% service water heating efislency; MHWO1 5417 $114 $.080 $076 $149 5268| $1.41  $0.01 1.0% $144,563 $1,444
92.5% service water heating efficlency; MHWOQ2 5417 $.114 $.080 5075 5149 $28%] $.40 009 1.1% $144.472 $1,638
94.1% service water heating efficlercy; MHWO3 5417 §.114 §.080 §072 $149 5289 $1.10 5009 1.3% $144,065 $1,042
Energy Star clothes washers, alt ; ACWO1 422 5112 $.080 §083 %5149 $.254 $1.10 $0.02 1.4% $143978 $2,028
Enargy Star clothes washers, alt 2; ACW02 | 3.422 35,113 $.080 §079 5140 §.255 $1.10 50,02 1.8% $143,620 $2,378
Energy Star dishwashers, alt 1, ADWO1 5417 5.116 $.080 §.084 $.449 5271 $1.12  $0.00 0.1% $145 809 $198
Enargy Star dishwashers, alt 2; ADWO02 | 5417 5115 §.080 $084 $.148 5270 .11 $0.00 0.2% $146,731 $276
Energy Star refrigerators, all 1, ARFO1 $420  $.114 §.080 5.087 $.140  5.261 $1.11 5001 Q.5% 5145222 $785
Enargy Slar refrigerators, alt 2, ARFO2 | 5422 §.143 §.080 HOBY  $.149 5257 | H.11 500% 0.8% $144,836 $1,171
Low flow showerheads; AHWO1 §.417  $114 §.080 3070 5143 §.289| $1.10 5002 1.5% $143,817 §$2,190
Low flow kitehen and bathtoom sink aeralors; AHWGR | §.417  $.114 §.080  $.081 $140  §289] $1.41  $0.09 0.5% $145,2{1 $795
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Annual Energy by End Use

130,751 SQ.FT.
ltemized KBtu/sf Totals
o
3 ‘Sﬁ us
§ g z ¢ £ 8|33 =
Strategy uny [&] L. o i | ] £ [#)]
Baseline; CODE1 19.0 5.2 36 121 8.8 12.3 58.03
R-20 wall for non-residential, R-20 wall for rasldential; EYWNO{ 189 52 36 121 8.8 12.3 5892 0.2%
R-25 well for non-residantial, R-26 wall for residential; EWN02 185 5.2 36 121 6.8 123 58.49 0.9%
R-30 wall for non-residential, R-30 wall for residential; EVWNO3 18.2 52 36 121 838 12.3 58.20 1.4%
R-80 root for non-residential, R-50 roof for residential; ERNOA 18.8 52 38 121 8.8 12.3 58.84 0.3%
R-60 roof for nen-residential, R-80 roof for rasidential; ERNO2 18,8 52 36 121 638 12.3 58,74 0.5%
Deslgn Glass: M1 Casemeant; WGBO1 18.9 5.1 36 121 838 123 5877 0.4%
Design Glass: Sliding Doors; WGC01 16.0 5.1 36 121 8.8 12.3 58.93 0.2%
Reduced inflltration; EWRF2 186 52 36 121 X ] 12.3 58,63 0.7%
Window Quills; EWWQ2 19.2 5.0 36 121 6.8 12.3 5896 0.1%
Exercise Stepped Daylighting; DGADZ 19.1 52 36 124 6.8 12.3 50.00 0.1%
Exercise Dimming Daylighting, DGAO2 19.1 52 36 121 6.7 12.3 58,97 0.1% .
Commeon Room Stepped Daylighting, DGAC4 19.0 52 386 121 6.8 123 59,02 0.0% j
Commen Reom Dimming Daylighling; DGA0S 19.0 6.2 36 124 6.8 12.3 50.01 0.0%
Stairs Sleppaed Daylighting; DGADB 19.1 5.2 36 121 6.7 12.3 58,95 0.1%
Stairs Dimming Daylighling; DGA07 19.1 52 38 12.1 6.7 12.3 5B.87 0.1% ’
Ciroulation cccupancy sensor control; LGCL1 19.0 52 38 121 64 12.3 58.68 0.6%
Circulation occupancy sensor control to /2 level; LOGI2 19.0 5.2 36 124 66 123 58.85 0.3%
Slorags occupancy sensor control; LCST1 18.0 52 36 121 6.8 12.8 59.03 0.0% ‘
Mech/elec cccupancy sensor control; LCME1 19.0 52 36 121 8.7 12.3 58.97 0.1%
Restrecm occupancy ssnsor contrel; LCRR1 19.0 52 36 121 6.8 12.3 59,03 0.0%
Exercise occupancy sensor eentrol; LCFT? 191 52 38 121 6.7 12.3 58.93 0.2%
Locker Room & Shower cocupansy sensor control; LCLR1 19.0 62 36 121 6.8 12.3 50.03 0.0%
Community Room occupancy sensor conlrol; LCCRM1 19.0 52 36 121 8.8 12.3 5001 0.0%
Frivate office occupancy senscr control, LCPO1 19,0 52 38 1241 6.8 123 59,02 0.0%
Private office dual levsl cccupancy sensor control; LCPO3 19.0 52 36 121 68 123 52.01 0.0%
Private offics dual ieval fixture, LCPOA 19.0 6.2 36 124 6.8 123 50.03 0.0%
Onpen office occupancy senscr contral; LCOO1 19.0 5.2 36 121 6.8 12.3 508,02 0.0%
Laundry cccupancy sensor oontrol; |CLA1 19.0 52 36 1241 6.8 12.8 $9.03 0.0%
Serving occupancy sensor centrof; LCSV 19.0 5.2 36 121 6.8 12.3 50.03 0.0%
Stalrs occupancy sensor contral; LCSW1 19,1 62 36 121 87 12.3 58.93 0.2%
Stairs cccupaney sensor control to 172 level; LOSW2 191 5.2 38 121 67 12.3 58.98 0.1%
Corridor and stairs at As-designed LPD, Cther puklic spaces at 10% lawer than 90,1-2007
LPD (excludes apariments); .01BW 19.1 62 36 121 8.2 12.3 58.47 1.0%
Corrider and slairs at As-designed LPD, Cther public spacss at 20% lower than 90.1-2007
LPD (excludes apartments), LO2BWY 191 52 36 1241 8.1 12.3 58.41 1.1%
Corrider and stairs at As-designed LPD, Other public spaces at 30% [awer than 90.1-2007
LPD (excludes apartments); LO3BW 19.1 52 38 121 6.1 12.3 58.35 1.2%
Apartmend lighting alt 1, 20% lowar than baseline (includes efficiency units); LC1AP 195 5.0 36 121 £S5 12.3 57.90 1.8%
Apartment lighting alt 2, As-designed {includas efficiency unils); LO2AP 200 4.6 36 124 3.6 12.3 56.27 4. 7% :
As-designed through the wall units (Efficiency Apartments); MPT02 90 52 36 121 68 12.3 59.00 0.1% :
As-designed minl-split heat pumps (Apartments);, MPTO1 1586 32 26 121 8.8 12.3 52.47 11.1%
Asdesigned heat pumg {Community and Fitness), MPTO3 190 52 36 121 6.8 123 58.96 0.1%
Baseline fan systom power limitation, MFDOD 19.0 5.2 a8 121 5.8 12.3 59.03 0.0%
Proposad fan sysiem design at 0.17 bhp/1000 ci; MFD04 19.6 49 20 1241 88 123 57.69 2.3%
08 control of bathroom exhaust fan, MOAO2 161 5.4 36 121 6.8 123 58.24 4.7%
Sensible heat recovery {Fitnass); MHRS1 18.7 52 37 124 6.8 12.3 58.76 0.58%
Total heat recovery (Fitness); MHRT1 18.8 5.2 3.7 124 8.8 12.3 58,76 0.5% :
©1.7% sarvice waler heating efficiency; MHWO1 19.0 52 368 105 68 12.3 57.50 2.68% :
82.6% service waler heating efficiency; MHW02 1.0 52 36 104 6.8 12.3 57.41 2.8%
84,1% sarvice walter heating efficiency; MHWO3 160 52 36 100 6.8 12.3 56,97 3.5%
Energy Star clothes washers, alt 1, ACWO1 19.2 5.1 36 il5 68 1.5 57.79 2.1%
Energy Star clothes washers, alt 2, ACWOD2 1e.2 8,1 36 1.0 6.8 116 57.38 2.8%
Energy Star dishwashers, alt 1, ADWM 18.0 52 36 W7 8.8 12.3 58.74 0.5%
Energy Slar dishwashers, alt Z; ADW02 18.0 5.2 38 1.7 6.8 12.3 58.68 0.6%
Energy Star refrigerators, alt 1; ARFO{ 18.1 5.2 36 121 6.8 11.9 58.68 0.6%
Energy Star refrigerators, alt 2; ARFO2 182 52 3B 124 6.8 1.7 68,61 0.8% :
Low flow showerheads; AHWO1 18.0 52 3.6 a7 8.8 123 66.71 3.9% 1
Low flow kltchen and bathroom sink asrators; AHWD2 18.0 5.2 36 112 6.8 12.3 58.1¢ 1.4% :
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Peak Conditions
130,751 SQ.FT.

Penk Elsctric Gas Cooling Heating
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Basellne; CODE1 2.9 381 590 807 146 2,783
R-20 wall for non-res!dential, R-20 wall for resldential; EVYWNO1| 2.8 381 0 % 590 0% 898 145 1 1.0% 2,7 12 0.0%
R-25 wall for non-residentlal, R-25 wall for residential; EVWWNO2| 2.9 379 2 1% 590 0% 808 144 2 1.0% 2,735 48 2.0%
R-20 wall for non-res|dentlal, R-30 wall for residential; EWNO3| 2.8 a7 3 1% 580 0% 216 143 3 2.0% 2710 73 30%
R-50 roof for houty R-50 roof for ial; ERND{| 2.8 380 1 0% 500 0% 203 145 1 1.0% 2,769 14 1.0%
R-60 roof for nen-r ial, R-B0 roof far ial; ERNO2| 2.8 37e 2 1% 5OG % 206 144 2 1.0% 2,762 21 1.0%
Design Glass: M1 Casement; WGBQ1| 2.8 377 4 1% 690 0% 924 141 5 0% 2,766 27 1.0%
Design Glass: Sliding Doors; WGG0t| 2.9 3re 2 1% 580 0% 90T 144 2 1.0% 2,772 1 0.0%
Reduced Infillration; EWRF2| 2.2 379 2 % 590 0% 906 144 2 1.0% 2,702 3] 3.0%
Window Quills; EWWOR{ 2.8 376§ 1% 550 % 928 141 5§ 3.0% | 2,784 {1} 0.0%
Exerclse Stepped Daylighting; DGADZ| 2.9 s> A 0% 690 0% 899 145 1 1.0% 2,783 o 0.0%
Exercise Dimming Daylighting; DGAOY 2.8 3|0 1 0% 590 0% 899 145 1 1.0% 2,783 0 0.0%
Common Roam Stepped Daylighting: DGADH 2.8 WO 0% 5490 0% 898 146 0 00% | 2,783 0 0.0%
Common Room Dimming Daylighting; DGA0S| 2.9 |0 1 0% 590 0% 898 146 o 0.0% 2,783 0 0.0%
Stairs Stepped Daylighiing; DGA0S| 2.9 /01 0% 550 0% Bg? 146 0 00% | 2,783 0 0.0%
Stairs Dimming Daylighting, DGAQY| 2.9 /1 0% 550 0% 897 146 0 0.0% 2,783 0 0.0%
Girculafion occupancy sensor conlrol; LCCIH| 2.9 are 2 1% 500 0% B9Y 148 0 0.0% 2,783 1} 0.0%
Clroutation cccupaney sensar confrol to 1/2 level; LCCI2| 2.9 380 1 0% 590 0% 8g7 148 [1] 0.0% 2,783 o 0.0%
Storage cccupancy sensor control, LGSTA| 2.9 17 I 0% 580 0% ag7 148 1] 0.0% 2,783 1] 0.0%
Maoh/elec occupancy senser control; LOME1| 2.9 .o i 0% 620 0% a8a7 148 [1] 0.0% 2,783 [+ 0.0%
Restroom gecupancy sensor contral; LCRR1| 2.9 8 0 0% 620 0% 897 146 [} 0.0% 2,783 0 0.0%
Exerclse oocupancy senser control; LCFT1| 29 /0 1 0% 590 0% 899 145 1 1.0% 2,784 {1) 0.0%
Locker Room & Shower otcupancy sensor centrol; LCLR1| 2.9 |0 0% 590 0% 897 146 [} 0.0% 2,783 1] 0.0%
Commmunity Room occupancy sehsar conlol; LCCM| 2.9 ;3 ] 0% 590 1) 898 146 0 0.0% 2,783 ] 0.0%
Private office ocoeoupancy sensor contrel; LCPC1| 28 a0 0% 590 0% 897 146 Q 0.0% 2,783 a 0.0%
Private office dual leve) occupancy sensor conirol; LOPO3| 2.8 38 0 0% 590 0% 898 146 Q 0.0% 2783 0 0.0%
Private office dual level fixture; LCPG4| 2.8 |1 0 0% Go0 0% 897 146 ? 0.0% 2,783 [} 0.0%
Open office oscupancy sensor control; LCOOT1| 2.9 k=L ] 0% 540 0% 807 446 L1} 0.0% 2,783 1] 0.0%
Laundry ocoupancy sensor control; LCLA1| 2.8 w0 0% 590 0% 897 146 il 0.0% 2,783 0 0.0%
Serving oceupancy sensor control, LGSV1| 2.9 38/ 0 % 590 0% 897 148 ] 0.0% 2,783 [i] 0.0%
Slairs occupancy sensor control; LCSW1| 29 380 1 0% 590 0% 897 148 0 0.0% 2,785 4] 0.0%
Stales oocupancy sensor conlrol 1o 1/2 level, LCSW2{ 2.8 381 0 0% 530 0% 897 146 0 0.0% 2,784 (U] 0,0%
Gaorridor and stairs at As-designed LPD, Other public spaces al 10% |ower than 90.1-2007]
LFD (excludes apartmsnis); LO1B 28 378 3 1% 530 0% 828 146 a 0.0% 2,785 {2} 0%
Caoridor and stalrs at As-designed LPD, Other public spacaes al 20% lower than 90.1-2007)
LFD (excludes apartmants); LO2BYW] 2.0 378 3 % 590 0% 899 145 1 1.0% 2,786 3} 0.0%
Gorridor and stalrs at As-designed LPD, Other public spaces al 30% lower than 80.1-2007|
LFC {excludes apartments); LOSBYW] 2.0 377 4 1% 590 0% 800 145 1 +.0% 2,786 (3 0.0%
Apartment [ighting alt 1, 30% lower than basaline {includes efficlency units); LOTAF| 2.8 W on % (1) 0% 932 140 8 4.0% 2,802 (19} -1.0%
Apartment lighfing alé 2, As-deslgned {ncludes effidlency unlts); LOZAP| 2.5 3¢ 6 13% 590 0% 954 133 13 9.0% 2827 (45) -2.0%
As-designed through the wall units {Efficiency Apariments), MPTOZ[ 2.3 s 1 0% 500 0% 897 146 0 0.0% 2,783 0 0.0%
As-deslgned minksplit heat pumps (Apariments), MPTO1] 256 328 B3 14% | 590 0% 860 152 (] “4.0% | 2,783 0 0,0%
As-designed hesl pump (Community and Fltness); MPT03] 2.9 Ife 2 1% 890 0% as7 146 0 0.0% 2,783 o 0.0%
Baseling fan syslom power imltation; MFDOD] 2.9 381 0 0% 590 0% Bov 148 0 0.0% 2,783 o 0,0%
Proposed fan system design at 0.17 bhp/1000 ¢im; MFDD4| 2.8 371 i % 590 0% 214 143 3 2.0% 2,808 (26} -1.0%
08 conlrol of bathtoom exhausi fan; MOADZ| 2.8 379 2 1% 500 0% 916 143 3 2.0% 2,508 275 10.0%
Sensible heal recovery (Filness); MHRS1| 2.9 38/ 0 0% 520 0% 87 146 o 0.0% 2,732 51 2.0%
Total heat recovery (Fitness); MHRT1| 2.8 280 i 0% 580 0% a07 144 2 1.0% 2,732 5 2.0%
81.7% service waler eating efiiciency; MHWO1| 2.9 3| 0 % 520 12% 897 146 4 0.0% 2,783 L] 0.0%
92,5% service waler heating efficiency; MHW02| 2.9 81 0 % | 640 14% | 897 146 ¢ 0.0% 2,783 ] 0.0%
94,1% service waler heating efficiency; MHWO03| 2.9 |/ 0 % 500 15% 897 146 [} 0.0% 2,783 Q 0.0%
Energy Star clothes washers, alt 1; ACWO01| 2.9 I’y 8 2% 580 2% 909 144 2z 1.0% 2,789 &) 0.0%
Energy Star clolhes washers, slt 2; ACWO02| 2.9 d 7 2% &70 3% ap8 44 2 1.0% 2,789 {6) 0.0%
Energy Star dishwashers, elt 1; ADWO01] 2.9 382 ({1} 0% 590 0% 898 148 1] 0,0% 2,783 Q 0.0%
Energy Ster dishweshers, alt 2; ADWO02] 2.9 a2z (1} 0% 580 2% 896 146 Q 0.0% 2783 1] 0.0%
Energy Star reftiperators, alt 1, ARFO1| 29 s .- 1% 590 0% 901 145 1 1.0% 2,786 (&) 0.0%
Energy Star refiigerators, alt 2, ARFO2| 29 wWr o4 1% 580 % 203 146 1 1.0% 2,788 (1] 0.0%
Low flow showarheads; AHWO1| 29 ek I 0% 450 24% 807 148 Q 0.0% 2,783 o 0.0%
Low fiow kitchen and bathroom snk aeralors; AHWD2| 28 381 0 0% 540 8% 897 46 0 0,0% 2,783 o 0.0%
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Annual Energy by Fuel Source
130,751 SQLFT.

Annual Energy Annual Electric Annual Gas
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Baseli CODE1 7719 1,800,053 1,577.1
R-20 wall for non-residential, R-20 wall for residential, EVWNO1 7,708 15 0% 1,795,564 4499 0% 16771 00 0%
R-25 wall for nen-residentlal, R-26 wall for razidential; EVYNO2 7,648 1% 1,778,181 20,892 1% 18771 09 0%
R-30 wall for non-residential, R-30 wall for residential; EWNO3! 7,610 108 1% 1,768,168 31,888 2% 1,577.1 Q.0 0%
R-50 roof far nen-rasidentlal, R-50 roof for residential ERNO1 7,662 26 0% 1,792,45% 7.504 0% 1,577.1 0.0 0%
R-80 roof for non-residential, R-60 roof for residential ERNO2 7,681 38 0% 1,788,844 11,208 1% 1,577.1 00 0%
Dasign Glass: M1 Casement; WGB01 7.685 M 0% 1,780,112 8,841 1% 1,577.1 0.0 0%
Design Glass: Sliding Daors; WGC01 7,706 13 0% 1,796,194 3,859 0% 1,677.1 0.0 0%
Reduced infiltration; EVWRFZ 7,667 52 1% 1,784,735 15318 1% 16771 00 0%
Window Quills; EVWWQ2 7,708 10 0% 1,787,214 2,039 0% 1,577.1 0.0 0%
Exarcfse Slepped Daylighling; DGAD2| 7.714 5 0% 1,798,728 1,324 0% 16771 0.0 0%
Exerclse Dimming Daylighting; DGAD3) 7791 8 0% 1,767,773 2,280 0% 15771 00 0%
Common Room Stepped Daylighting; DGAD4 7797 2 D% 1,799,403 650 0% 1,877.1 0.0 0%
Cemmon Reem Dimsming Daylighting; DGADS| 7,718 3 0% 1,769,264 799 0% 1,577.1 0.9 0%
Stalrs Stepped Daylighling; DGAOS 7.708 0% 1,797,040 3043 0% 1,577.1 00 0%
Stairs Dimming Daylighling; DGAD7| 7,710 4 % 1,797,403 2650 0% 1,577.1 0.0 0%
Clroulation oceupancy sensor cenlrol; LCCH 7872 47 1% 1,786,203 13,760 1% 1,877.1 0.0 0%
Girculation occupancy sensar control to 1/2 Javal; LGCI2 7,685 2 0% 1,793,185 8,868 0% 1,677.1 0.0 0%
Slorage oscupansy sensor control; LCST1 7.718 1 0% 1,768,605 248 D% 15771 0.0 0%
Mechielec ocoupancy senser control; LOMET 7,710 9 0% 1,757,502 25581 0% 5771 0.4 0%
Restream oceupansy sensor contral; LCRR1 7,718 1 0% 1,792,819 234 0% 5771 00 0%
Exeicise ncoupancy senser control, LCFT1 7,708 14 0% 1,796,000 4053 0% 1,577.1 0.0 0%
Locksr Recom & Shower occupancy sensor control; LCLRY 7,718 1 0% 1,799,871 182 0% 15771 0.0 0%
Communfty Roem occupancy sensor conlrol; LCCM1 7,716 3 D% 1,799,286 767 0% 1,577.1 0.0 0%
Private office cccupancy senser confrel; LCPO1 7717 2 D% 1,799,412 641 0% 1,577.1 0.0 0%
Private office dual level occupancy senser contrel; LCPO3 7,718 3 D% 1,799,290 783 0% 1,5771 0.0 0%
Frivals office dual level fixture; LCPO4 7718 1 D% 1,799,728 325 0% 1,577 0.0 0%
Open office oceupansy sensor conltrel; LCOO 7,77 2 D% 1,799,464 588 0% 1,677.1 0.0 0%
Laundry occupancy sensor confrof; LCLA1 7,718 0 D% 4,799,900 144 0% 1,577.1 0.0 0%
Serving ocoupancy sensor control; LGSV 7,718 1 0% 1,799,898 185 0% 1.677.1 .0 0%
Siairs occupancy sensor contrel; LCSWA 7,706 13 0% 1,706,246 3807 D% 15771 0.0 0%
Stairs occupancy sensor control to 172 level; LCSW2| 7712 7% 1,798,124 1,928 0% 1,677.1 6.0 0%
Coridor and stairs al As-deslgned LPD, Other public spaces at 10% Jowaer than £0,1-2007
LPD {excludes apariments); LO1BW] 7545 4 1% 1,778,444 21609 1% 15771 0.0 0%
Coridar and stalrs al As-designed LPD, Othar public spaces at 20% lower than 90.1-2007
LPD {excludes apartmants), LO2BW] 7,637 82 1% 1,776,161 23,892 1% 15774 0.0 0%
Corridor and stairs al As-designed LPD, Other public spaces at 30% lowsr {han 99.1-2007
LPD (excludes apartments); LD3BW]| 7620 89 1% 1,773,885 25,168 1% 15771 0.0 %
Apartment lighting alt 1, 30% lower than basaling (includes effisiency units), LO1AP 7571 148 2% 1,756,738 43,314 2% 1.577.4 0 0%
Apartment lighting all 2, As-tlesignad (includes efficiency unils); LOZAP 7,358 361 &% 1,694,265 105,788 6% 15774 0.0 0%
As-desligned threugh the wall units (Efficiency Apartments); MPT02, 7715 4 0% 1,798,815 1,238 0% 1,677.1 G0 0%
As-designed mini-spli heat pumps (Apariments); MPTO1{ 6,860 Bsg 1% 1,548,442 251,611 14% 15771 0.0 0%
As-designad heat pump (Community and Fithess);, MPTC3) 7,707 i1 0% 1,796,724 3,329 0% 1,577.1 0.0 0%
Baseline fan system power limitation: MFDOO 7,719 [ 1,800,053 0 0% 1,577 0.0 %
Proposed fan system design at 0.17 bhp/1000 efm; MFDO4 7543 178 2% 1,748 673 51,380 3% 16774 [1X] %
©CS control of bathroom exhaust fan; MOAD2 738 365 5% 1,692,973 107,080 6% 157741 0.0 0%
Sensible heat recovery (Fitness), MHRS1 7682 38 0% 1,789,461 10,552 1% 1,677.1 0.0 0%
Total heat recovery {Fitness); MHRT1 7683 B 0% 1,789,458 0595 1% 15774 0.0 0%
91.7% sonvice watar healing efficiency; MHWO1 7618 201 3% 1,800,053 o 0% 13165 2006 13%
92.5% senvice water healing efficiancy; MHWO0Z 7.506 213 3% 1,800,053 o 0% 13639 2132 14%
94,1% service water healing efficiency; MHWO03 7449 270 3% 1,800,053 ¢ 9% 13074 2697 17%
Energy Star clothes washers, all 1; ACWO1 7.556 163 2% 1,773,802 26160 1% 16028 743 5%
Energy Star clothes washers, all 2; ACW02| 7,500 219 3% 1,776,380 24673 1% 14423  134.8 %
Energy Star dishwashers, all 1; ADW01 7,680 30 1% 1,802,375 {2.322) 0% 15304 46,7 3%
Energy Star dishwashers, all 2; ADWD2| 7,672 7 1% 1,801,914 {1,861 0% 15235 536 3%
Energy Star refrigerators, alt 1; ARF01 7673 48 1% 1,788,568 13,485 1% 1,677.1 0.0 0%
Energy Star refrigerators, alt 2; ARF02 7,650 6 1% 1,775,944 20,109 1% 15771 0.0 0%
Low flow showerheads; AHWO1 7416 304 4% 1,800,053 0 0% 1,272.9 3042 16%
Low flew kitchen and batiwoom sink aerators; AHWD?Z| 7,608 111 1% 1,800,053 0 0% 14865 1106 7%
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Appendix C. Lighting Control Sequences and Schematics

The following guidelines provide greater background through conceptual schematics and sequences
toward effective installation of lighting controls.

Introduction
The sections on each space type are laid out in the same manner and include the following elements.

Each lighting control design strategy contains a plan-view diagram for each control scenario. The text
describes the device types to use, the device features and settings that work best, and suggestions for
sensor locations.

Pattern Symbol Legend

Below are the symbols for lighting controls and electrical devices that are used.

Dimmer wall Mo Photoswitch ) j

switch

Wallbox

occupancy sensor | 08 Photosensor @
— LMC

Ceiling-mount Local master controller

occupancy sensor

Wall-mount ®
occupancy

Junction box

sensor
Transformer relay 110V or 277V power line —
Time @) -

Clock . Low voltage power line.

Note: Generic control devices are used in the strategies. To use the strategies most effectively, you should
consult the manufacturer’s technical specifications to check actual coverage templates (pattern, distance,
and sensitivity), required coverage overlap, control feature options, calibration setting limits, ambient
temperature sensitivity range, and electric load requirements (where applicable).
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Circulation Spaces Occupancy
Design Pattern Responsive
Occupancy Sensor

Savings

Application and Savings

Occupancy sensots are good in situations where there are long periods {over 1/2 hour) of no
occupancy in circulation spaces or on stairs when the building is open. Buildings where this is
typical include elementary schools, auditoriums, and offices with very long hours of operation.
Energy savings may range from 20-40%.

60

B
=1

20

% Lighting Power

o

Tty Control Devices
* Occupancy Sensor

I ’ | J ‘ —Use Passive Infrared sensors in

H ” ‘ circulation spaces where the line of site is

unebstructed and exact detection coverage

limits are required to reduce “false-ons.”

—Use Ulirasonic sensors in circulation

One occupancy sensor (OS) spaces and stairways that are completely

with bi-directional enclosed and where ceilings are below 14,

coverage cornecled io a Cautions: _
transformer relay (TR} —Don’t use ULT sensors in locations with i
; ! controlling lights within high air flow through doorways or :
c" edch occupancy Sensors vestibules.

ﬁ T detection zone.

Device Locations

) + Center ceiling-mounted sensors in the
corridor with the receiver openings
pointed down the corridor.

a)

¢ Locate high-wall or corner-mounted
sensors to favor coverage at points of
enfry such as lobby entrances and main
I\ug doorways. Good overlap of sensor

4 kglﬁ@\@ t coverage is mandatory,

Design Considerations Recommended Features _
» Don’t connect the emergency lighting * Automatic on/ off :
circuit to the sensor controlled circuit. + Time-out sciting range to 30 minutes :
» Sensitivity calibration adjustment for
ultrasonic sensors
» Sensor design with long linear coverage (50-
907)

Recommended Settings

¢ Set a 5-10 minute time-out setting for K-12
schools with traditional one-hour long classes.

* Set a 10-15 minute time-out sctting for
circulation spaces with long hours of operation
and light use during non-traditional hours, A
time-out setting in the high range will reduce the
inconvenience of “false-offs.”
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Open Offices

Design Pattern

Savings

% Lighting Power
23 2888

o

2 4 8 12 4 8 12
Thne of Day

Typical sensor
coverage zone

Application and Savings

Occupancy

Responsive
Occupancy Sensor

Oceupaney sensor control is good for open plan offices that have long total hours of operation
(1012 hr/day or more} but have fewer users outside of traditional office hours. Without controls,
cleaning crews or one worker may keep lights on in large unoccupied areas for fong periods.
Large open office areas can be divided info zones controlled by occupancy sensors so that lights
are turned down or off in areas that aren’t occupied. Most of the lighting energy will be saved
outside of traditional working hours sinee it is unusual for all workers within a coverage zone to
be absent during regular working hours. Energy savings typically range from 15-25%.

One occupancy sensors (OS5} and one transformer velay (TR) for each of two

overlapping detection zones.

Design Considerations

» Small separate lighting zones will give the

most energy savings because it is often the

case that not all work zones are occupied at

the same time.

o Use transformer relays (TR) to control

fixtures from low-voltage sensor signals.

e Provide menual switches to turn lights off
also.

Control Devices

» Occupancy Sensor

- Use ultrasonic sensors for spaces with
high partitions. In most cases, 6-8 work
stations can be sensed from one ulirasonic
Sensor,

— Use passive-infrared or dual-mode
sensors when partitions are low or not
present and coverage limits need to be
tightly controlled to reduce “false ons.”
-~ Use personal-work-station occupancy
sensors in spaces with task lights and
multiple electrical devices.

Device Locations

¢ Good overlap of sensor.coverage is
mandatory. The design pattern shows two
sensors controlling two separaie switch
legs., The coverage zones overlap the
fixtures controlled by one row to maintain
adequate far-field illumination for the work
stations in adjacent areas.

Cautions:

» Inadequate sensor overlap will turn lights
off too close to occupied work stations.

» Avoid detecting motion in main
circulation aisles,

Recommended Features
s Automatic on/off
s Time-out setting range to 30 minutes

Recommended Settings

e Set the time-out selting in the high range,

(15-25 minutes) to reduce the

inconvenience of “false-offs.”

* Adjust the sensitivity calibration after all

furnishings are in place. When work

stations are rearranged or altered, it is a

good idea to verify and adjust sensor :
coverage. '
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Private Offices

Design Pattern

2

% Lighting Power
- B & 8 8

12 4 8 12 4 & 12
Time of Day

Application and Savings

Occupancy sensot control is good for most private offices where it is common for the occupant
to be “in the office” but away from their desk for short or long periods throughout the day.
Sensor type is dependent on size of room, furniture arrangement, and door opening locatiens,
Lnergy savings typically range from 35-65% based on how much the room is occupied and
how diligently the occupant turns the lights off when leaving. Energy savings may coincide

with peak building electrical use.

/
oy
R

Wallbox sensor (OS) controlling the ambient lighting circuil,

Wall mount sensor (OS) connected to a transformer-relay (TR)

controlling all ambient lights.

Design Considerations

¢ Manual on/auto off control gives the
occupant greater contrel of the space and may
increase energy savings in rooms with
daylight.

Occupancy

Responsive 5
Occupancy Sensor ;

Control Devices

s Occupancy Sensor

— Wallbox sensors are the most cost-
effective “packages” and work well in
small private offices where furnishings will
not obstruct the sensor’s view of the task
area. Both ULT and PIR technology is
available,

- Ceiling or high-wall mounted sensors are
less likely to be obstructed when
furnishings are rearranged or added to an
office. Consider ULT, PIR, or dual-mode
technology,

— Personal-work-station occupancy sensors
work well to control task lights and other
electrical loads besides the ambient

lighting,

Device Locations

+ Locate wallbox sensors on the same wall
as the entrance door on the latch side of the
door.

* Mount ceiling sensors near the center of
room over the main desk area.

» Locate high-wall sensors in the corner of
the room near the main doorway.
Cautions:

* Avoid locating the sensor behind a door
or potential file cabinet locations.

» For PIR sensors, avoid locations where
they “view” out the door.

Recommended Features

e Manual On/Auto Off

» Sensitivity calibration adjusiment for
ultrasonic sensors

Recommended Settings

= Set the time-out setting in the low range
(8-10 minutes).

o Set the sensitivity calibration after all
furnishings are in place.
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File/Storage Rooms Occupancy
Design Pattern Responsive

Occupancy Sensor

Savings

=]
=]

§ o Application and Savings
g™ Occupancy sensor control is good for most file/storage rooms that are used infrequently and for
£ :" short periods. Lights tend to be left on all day due to the diversity of users and the enclosed
2 ; nature of the space. Occupancy sensor type and placement is dependent on storage height and
12 4 8 12 &4 s 12 roomlayout. Energy savings range from 35-65%.
Time of Day
Control Devices
= Occupancy Sensor
Typical sensor detection coverage zone —Use ultrasonic {(ULT) or andible/
\ microphonic ceiling sensors in spaces with
. . high shelving.
it A$—$ﬂ—-—\@ N | —Use passive infrared (PIR) sensors in
4 | A, | 4 H W : smaller filing/storage rooms where the
A <A T T center of the room is open and high
' = M R = — ; shelving is located around the perimeter.
T S Tl e ®
7] [ [P Ml Device Locations
i ’ i i » Follow the manufacturer’s
i = — _ﬂ i recommendations for the specific device,
i Generally;
: - = |1 o - ; » Spaces greater than 800 ft* with aisle
L Qi g5 AT shelving near the ceiling will typically
L] [ L] ] require more than one sensor.
Recommended Features
A occupancy sensor (O5) connected to a transformer relay (TR) » Automatic on/off is preferred
cortrolling the lights within separale lighting control zones. « Range and sensitivity control Tor ULT
SenSors
Design Considerations Recommended Settings
o In rooms less than 800 1%, contro! all lights s Set time-out setting at 8-10 minutes
with a single control circuit { one transformer o Adjust ULT sensor sensitivity after
relay). furnishings are in place,
« Divide rooms greater than 800 ft* into
separate control zones to improve cnergy
savings. Use multiple transformer relays.
Make sure to provide 15-20% coverage
overlap (as shown).
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Appendix D. LED Lighting

Source: Manufacturers' product data shests from Cres, Lithonia, Finelight and Philips.

Introduction

Light-emitting diode (LED) technology is developing rapidly into a universal light source as more price-
and performance-competitive LED products are introduced to the market. New generations of LED
devices become available approximately every 4 to 6 months. The best LED products currently meet or
slightly exceed the efficacy of linear fluorescent luminaires used for general overhead lighting, previously
the most efficient lighting technology on the market, However, the performance range for LEDs varies
widely among product types and manufacturers. For this reason, lighting designers must be careful when
selecting LED products and also because LEDs have unique characteristics and caveats compared to
traditional light sources.

LED Characteristics

The following is a summary of the unique characteristics of LEDs. This information was gathered from
the LIGHTFAIR® International 2012 conference and tradeshow in Las Vegas, NV.

* LED lamps do not "burn out” like traditional light sources, but instead they gradually dim over time.
LED light sources are typically rated in terms of the runtime until the light output has decreased to
70% (Lo) of the initial value, about where it starts to become noticeable to the eye. LED lifespan is
not affected by the number of starts the light source experiences, unlike lincar fluorescents.

» LEDs also do not have ballasts. For a linear fluorescent lamp, the ballast factor determines the light
output of the fixture and affects the lamp life. The higher the ballast factor, the more light output, but
the shorter the lamp life. Because of the various factors that affect the lifespan of linear fluorescent
lamps, comparisons of the expected lifetime maintenance savings of LED light sources to linear
fluorescents is difficult.

*  Many LED luminaires do not have replaceable components and are not field-serviceable, The
designer should consider the expected lifespan of the product when selecting non-serviceable LED
luminaires for areas that require long runtimes.
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®  The efficacy (lumen output per Watt) of traditional light sources is rated for the lamp only. Since
LED lamps cannot be separated from their driver and heat-dissipation system (usually part of the
housing), the lumens per Watt of the entire LED luminaire is measured. This often makes
comparisons of the efficacy of LED luminaires to traditional light sources difficult.

* The efficacy of LED light sources varies by the correlated color temperature (CCT) of the light
emitted. LED light sources with lower CCT values, 2700 to 3500 K, appear more traditionally
yellowish in color, but have up to 30% reduced efficacy compared to those with higher CCT values
and more bluish light.

* LEDs emit directional light. This is an advantage in Juminaires such as downlights and track lights,
but makes designing LED luminaires for general ambient lighting a challenge.

® The color of the light output from LEDs may change over time, when dimming, and when viewing
the light source from different angles, as well as varying from luminaire to luminaire.

= LEDs may have a size advantage over traditional light sources. The light source itself is very compact
and low-profile. However, the LED light source must be combined with driver/controller electronics
and a thermal management system in order to operate, which may, depending on the design, make the ;
LED product as bulky, or bulkier than, traditional light sources. !

* LEDsdo not have breakable glass bulbs or delicate filaments, which may make them more durable
than traditional light sources for particular applications,

= The performance of LED light sources improves in cold temperatures, which makes them particularly
suitable for walk-in cooler and freezer rooms, refrigerated warehouses, and unconditioned spaces in
cold climates-—areas where fluorescent light sources may suffer performance degradation.

" LEDs come to full brightness instantly when turned on.

* Many LED luminaires come with 0 — 10V dimming as a standard feature. This is important to note
when comparing costs to linear fluorescent fixtures, which require special ballasts for dimming.

* LEDs do not produce any infrared (IR) or ultraviolet (UV) emissions, which makes them suitable for
display lighting of foed or delicate items.
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Comparison of Lighting Performance

The following tables compare performance of LEDs lighting with other lighting systems for
various applications. This data is taken from the Mar 2007 — Oct 2011 Detailed Test Reports of the DOE
Commercially Available LED Product Evaluation and Reporting (CALIPER) program (homepage:

http://www].eere.energy.gov/buildings/ssl/caliper.html), unless otherwise noted.

952 85 2,946 77
LED 10-53 1,072 44 2,995 84
LED 10-52 983 38 3436 76
CFL 09-66 952 2 3,392 82
CFL 09-45 872 31 3,168 83
CFL 07-21 514 42 2,729 82

B R T

Comparison of Track/Spotlight Performance

LED 1107 571 3,392 91
LED 11-02 643 44 3,193 81
LED 10-58 796 29 2,928 82
Benchmark Halogen TBD (TBD) (TBD) (TBD) {TBD)

LED 11-56

1,982 54 3440 86
LED 11-85 2,007 65 2,899 76
LED 11-48 3438 80 3,152 94
LED 11-47 2,915 85 3,588 83
32W T8 U-bent 11-62 3,160 56 3,207 84
28W T5 Single Tube CFL 11-49il 3,987 64 343 83
A0W Twin Tube CFL 11-49i 4,005 60 3,294 82
17W T8 2 ft. Linear 09-73 1,706 49 3,318 86

LED M-1 93 ~3,500

LED M-2 5,568 9 ~4,000 83
LED M-3 ~4 000 ~30 ~4,000 a0
LED M-4 4474 87 ~3,500 82
Benchmark Fluorescent TBD | (TBD) (TBD) {TBDY (TBD)

Source (this table only): Manufacturars' product data sheets dated Feb — July 2012. Where possible, the manufacturers’

reported test results are listed, otherwise the values shown are nominal (indicated by ~).
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Comparison of High Bay Lighting Performance

R R T

LED 11-61 11,930 4,066 67
LED 11-60 4,527 60 5,364 70
LED 11-52 11,020 80 5,989 71
32W 18 Linear 11-54 8,042 79 3,840 81
Metal Halide 11-44 9,782 53 4411 51

Comparison of Under Cabinet Lighting Performance

5407 74
LED 09-32 235 2 2973 %
LED 08-26 144 24 3,638 79
CFL 0760 360 23 3,865 58
CFL 07-41 235 2 5734 7i
CFL 07-20 689 36 3,015 84

LED 09-42

28 93
LED 08-86 251 16 6,255 76
LED 08-85 254 22 3,588 78
CFL 07-49 700 43 2,819 81
CFL 0702 235 24 3432 79
Halogen 07-10 351 9 2,856 100
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Glossary of Lighting Terms

Absolute Photometry: the fight output of the complete luminaire is measured with a single test
procedure. This method is used for LED luminaires since the light source cannot be isolated from its
driver/controller electronics and thermal management system.

Chromaticity Diagram: a plot showing all of the colors within the visible light spectrum at a constant
level of brightness. See figure below for an example.
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Source: Wikimedia Commons (htp:fecmmons.wikimedia.org/wiki/File%3ACIExy1931.svg)

Color Rendering Index (CRI): a measure of a light source's ability to faithfully reproduce colors as
compared to an ideal source or natural daylight. The CRI has been criticized for not always correlating
well with subjective assessment, particularty for light sources with "spikes" in the emitted color spectrum,
such as fluorescents and LEDs. Alternatives to the CRI have been developed, such as the Color Quality
Scale (CQS), but have yet to see wide acceptance within the industry.

Correlated Color Temperature (CCT): the temperature, in Kelvin, of an ideal blackbody radiator that
would most closely match the perceived color of a light source. Light sources with color temperatures
below 3,000 K appear yellowish and are considered "warm" light, while color temperatures above 5,000
K appear bluish and are thought of as "cool." Note that, in this context, the terms "warm" and "cool" are
inversely related to the numeric temperature.

Efficacy: the amount of light produced by a light source per unit of input power, listed in terms of lumens
per Watt [Im/W]. The maximum possible efficacy is 683 Im/W, produced by an ideal light source at a
wavelength of 555 nm (green light).

Efficiency: the amount of light produced relative to a maximum, expressed as a percentage or
dimensionless ratio.
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Footeandles: a measure of light intensity on a surface, in units of lumens per square foot. The SI
equivalent to footcandles is [ux, or lumens per square meter. 1 footcandle equals approximately 10 lux.

Lso: the lumen maintenance lifetime of an LED light source, or the time it takes, in hours of continuous
operation, for the light output to drop to 70% of the initial value.

LM-79: atest specification developed by the Illuminating Engineering Society of North America
(TIESNA) that describes standard procedures for measuring the total light output, efficacy, and
chromaticity of LED lighting products.

LM-80: a test specification developed by IESNA. that describes standard procedures for measuring the
Iumen maintenance lifetime of LED lighting products.

Lamp: a replaceable component that produces light; the "light bulb."
LED: an abbreviation for “light-emitting diode,” a type of solid-state lighting (SSL) technology.
Lumens: a measure of the total light output of a light source.

Luminaire: a complete lighting unit that includes a lamp, fixture, and other components {e.g. ballast,
reflector, lens, power supply, etc).

MacAdam Elipse: the minimum change in the color of light that is perceivable fo the "standard human
observer," as plotted on a chromaticity diagram. Note that the MacAdam ellipses shown in the figure
below are represented at 10 times their actual size for clarity.
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Relative Photometry: the light output of the lamp is tested separately and then this measurement is
combined with the fixture efficiency to yield the total luminaire light output.
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Appendix E. Daylighting Guidelines

Critical Elements of the Daylighting System

Glass

= Windows located to optimize daylight
= High performance glass

Electric Lighting

» Lighting type that allows dimming or switching on/off quickly
= Circuits parallel to window/wall
= Circuits close to windows dim/off first

Photo Sensor and Dimming/Switching Controls

» For large open office areas, at least one sensor per orientation or more, depending on level of
control desired

= For classrooms, at least one sensor per room controlling light in room
= Locate per manufacturer’s recommendations

* Adjustable performance settings for light level and response time

= Switches lights off or dims lights to maintain desired light level
Solar Control Device such as Blinds (optional)

= Open when daylight available

= Closure or partial closure in direct sunlight

Wall and Ceiling Finishes with High Reflective Values

= Light colors to reflect daylight and reduce contract/glare at window areas

Furnishings Should Be Conducive to Daylighting

» Low furnishing heights to allow deep daylight penetration
= Light colored surfaces for maximum reflectance of daylight
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Implementation Guidelines

Construction Documents sufficient to define daylighting system

» Intent of daylighting system

= Identify required system components

= Performance requirements

= Define lighting level minimum thresholds

= Electric light and control circuiiry, linking auto controls with sensors and circuits

Construction Documents that clearly define the contractor’s responsibilities

* Provide a system that functions as expected

= Install equipment according to manufacturer’s instructions

*  Calibrate sensors to specified performance using light meter
* Document calibration for each daylit space

" fe electric lighting with no daylight
. fe electric lighting begins to dim or shut off
" fc electric lighting reaches minimum output
" fe electric lighting minimum output

*  Document glazing performance characteristics from manufacturer

= Instructions for owner/maintenance staff

= Written maintenance issues

»  Written re-calibration process, suggested timetable
*  Omn-site demonstration of calibration process
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