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BBA Member Discussion — Current and New Projects

» Agenda
— Duct Leakage Project
— Advanced RTU Campaign
— Brainstorm new ideas
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Better
Bu“ding S Duct Leakage Project — Why?

U.5. DEPARTMEMNT OF ENERGY

» Duct leakage can

—Increase system airflow rates by 5% to 35%
—Double fan energy and increase cooling energy by 40%

» Payback for sealing ducts can be 2-3 years

» Duct leakage has multiplying impacts
—Increased fan, pump, and chiller/boiler energy consumption
—Unbalanced air distribution and poor thermal comfort
—Unable to meet ventilation requirements
—Poor indoor air safety — spread of contaminants
—Qversized equipmentto make up for losses

Energy Efficiency &
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Better
Bu“ding S Duct Leakage Project

U.5. DEPARTMEMNT OF ENERGY

» Objective: Identify when duct leakage is a problem and correct it cost effectively

» Solutions to be explored to help building owners
— Help facility managers recognize and quantify the problem
— Provide case studies of the best solutions
— Partner with Western Cooling Efficiency Center — Dr. Mark Modera

» Proposed Outputs

— Best practices for measuring and estimating impacts of duct leakage, correcting
problems, rebalancing HVAC systems

— Owner’s guide and procurement specification for duct leakage
— Improved analysis tools

» Ask to BBA members
— s duct leakage a problem?
— What would be most useful?
— Review resources

Energy Efficiency &
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M Better
‘ Bu“dings Advanced RTU Campaign (ARC)

U.5. DEPARTMEMNT OF ENERGY

e What:
— Move the commercial building RTU market to greater adoption of high efficiency RTUs
and RTU controls
— Follow-on to RTU Challenge and Advanced RTU Controllers demonstrations

« Who: Campaign organizers, supporters, and DOE
— Organizers: ASHRAE, RILA, and others to be announced
— Supporters: Utility programs, efficiency organizations, and manufacturers
— Participants: Building owners
— Department of Energy provides technical support

* When: The project launches May 30, 2013 and runs through November 2014

M Better
ASH: HAE> ﬁi‘hﬁ @ Buildings

Educate.Innovate.Advocate. U.S. DERSRTMENT OF ENERGY

Energy Efficiency &

U.S. DEPARTMENT OF
ENERGY ‘ Renewable Energy



Better
Bu“dings Eligible Technologies

U.5. DEPARTMEMNT OF ENERGY

N
.

e Control Retrofits

— Variable speed fan, advanced economizer controls,
demand controlled ventilation, fault detection and
diagnostics

—  Preliminary results show reduced RTU energy
consumption by up to 40% with a 2-4 year payback

Existing THERMOSTAT orR BMS CONTROLLER

« RTU Early Retirement and High-Efficiency _
Replacement and New Construction ENERGY [ty

. .. . . Building Technologies Office
— CEE Tier 2 and above efficiency levels including the

RESIDENTIAL COMMERCIAL APPLIANCE &|
. ; pOn WL TECHNOLOGIES BUILDINGS BUILDINGS EQUIPMENT STAND)
DOE RTU Challenge specification S ———
About . .
High Performance Rooftop Unit Challenge
Take Action to Save
Energy In January 2011, the U.S. Department
Activities of Energy (DOE) joined i|.1d.ustry Key Resources
partners in the Better Buildings
Partner with DOE Alliance (BBA) to release a design + Download the specification 4
Better Buildings Challenge specification for 10-ton capacity (updated March 2012)
Setter Buidings Al commercial air conditioners, also * Read a fact sheet /5 about the
stier Buldngs Allanes known as rooftop units (RTUs). The specification
_ Join the Better Buildings. specification was issued as an "RTU RRCaicubtajinsloostialeSraness i
Aliance ; replacing your RTU
Challenge.” since it aimed to 3
. . « Review RTU Challenge webinars.
_ Better Buikings Aliance catalyze the market introduction of
Froject Teams. cost-effective, energy-saving RTUs
_ Technology & System that would significantly outperform
Specifications any models that were currently available. The BBA includes an array of building

owners that purchase large volumes of RTUs, so their issuance of a specification
outlining common performance requirements and desired features represents a

- Suppliers
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U.5. DEPARTMEMNT OF ENERGY

‘ Buildings Advanced RTU Campaign (ARC) Participation

Replace or

Retrofit

Be
Recognized

Description Evaluate the Commit to Share expected Recognition will be
business case for [retrofitting or and actual energy |awarded to
high-efficiency replacing at least [savings and participants in a
RTU improvements [one RTU provide feedback |variety of
categories
Resources « Case studies - RTU e Calculators Recognition and
« Calculators specifications |« Technical award program
* Technical * Financing/ advisors
advisors incentives list
Important Campaign Limited technical |Deadline to report |Awards announced
Dates launches May 30, |assistance is savings claims is  |November 2014

2013

available until July
2014

September 2014

U.S. DEPARTMENT OF
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Better

Buildings Members Experiences with RTU Replacements

U.5. DEPARTMEMNT OF ENERGY

» Experience with RTU replacement/retrofits
— Successes
— Challenges and Solutions
» What resources are needed to help you be successful?

» Should other technologies be included in the Advanced RTU
Campaign?

— ERV
— Evaporative pre-cooling

Energy Efficiency &
Renewable Energy

Better Buildings Alliance ENERGY ‘



Better
Buildings Brainstorming New Projects

U.5. DEPARTMEMNT OF ENERGY

» What new technologies have you heard of?

» What promising existing technologies are underutilized?

» What are the technical and market sticking points?

» How can we gathering performance data and successes to help you?

Energy Efficiency &
Renewable Energy
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Eetltcelr Space Conditioning
uliaings May 30 - Session |, 10:15-11:45

U.5. DEPARTMEMNT OF ENERGY

Current Projects Barriers and Opportunities

» Agenda
— Introductions (5 min)
— Duct leakage project (15 min)
— RTU advanced controller demos — preliminary results (20 min)
— Brainstormideas (45 min)

Energy Efficiency &
Renewable Energy
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Better
Bu“ding S Duct Leakage Project — Why?

U.5. DEPARTMEMNT OF ENERGY

» Duct leakage can

—Increase system airflow rates by 5% to 35%
—Double fan energy and increase cooling energy by 40%

» Payback for sealing ducts can be 2-3 years

» Duct leakage has multiplying impacts
—Increased fan, pump, and chiller/boiler energy consumption
—Unbalanced air distribution and poor thermal comfort
—Unable to meet ventilation requirements
—Poor indoor air safety — spread of contaminants
—Qversized equipmentto make up for losses
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Better
Bu“ding S Duct Leakage Project

U.5. DEPARTMEMNT OF ENERGY

» Objective: Identify when duct leakage Is a problem and
correct It cost effectively

» Solutions to be explored to help building owners
—Help facility managers recognize and quantify the problem

—Best practices for measuring and estimating impacts of duct leakage,
correcting problems, rebalancing HVAC systems

—Provide case studies of the best solutions
—Partner with Western Cooling Efficiency Center — Dr. Mark Modera
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Better
Bu“dings Manufacturer Solutions

U.5. DEPARTMEMNT OF ENERGY

» What solutions are available for duct leakage?
— Knowing when there is a problem
— Quantifying the impact of the problem
— Correcting the problem

Energy Efficiency &
Renewable Energy

Better Buildings Alliance ENERGY ‘
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Advanced Packaged Rooftop Unit Controls:
Results from Field Demonstrations

Srinivas Katipamula, Ph.D., Pacific Northwest National Laboratory
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Eetltcelr Why is there a Need for an Advanced RTU
uliaings Controller?

U.5. DEPARTMEMNT OF ENERGY

» Packaged air conditioners and heatpumps (RTUs) are used in about 58% of
all cooled commercial buildings, serving about 69% of the cooled commercial
building floor space (EIA 2003)

- (Packag)ed AIC uses 0.9 quads of electric cooling annually and 0.4 quads of heating
source

» Most RTUs operate inefficiently

— lack of advanced controls

» constantsupply speed fan and constant ventilation

EconomizER

— lack of equipmentmaintenance

» Operating efficiency can be improved significantly with the use of advanced
control strategies:

— integrated economizers

— variable or multiple speed supplyfan control

— demand controlled ventilation and

— variable or multiple capacity control

ExisTinG THERMOSTAT oR BMS CoNTROLLER
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U.5. DEPARTMEMNT OF ENERGY

Eetltgr Advanced RTU Controls: Accomplishments and
uildings Progress

» Installation of all controllers
for both DOE and BPA projects complete

» Continuing to monitor RTUs in the field

» Savings analysis underway and final report is being
drafted, which will be released in August 2013 after
BPA/DOE review

» Also coordinating work with Center for Energy and
Environment in Minnesota, which is also evaluating
advanced control products

http://www.pnnl.gov/main/publications/external/technical reports/

PNNL-20955.pdf
http://www.pnnl.gov/main/publications/externalitechnical reports/
PNNL-21944 pdf

, 11.5. Department of Energy

/ | Energy Efficiency and Renewable Energy
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‘ Better Advanced RTU Controller: Field Test
‘ BUIIdII‘IgS Measurement Plan
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» The following parameters will be measured: outdoor-air temperature, return-air temperature and CO,),
mixed-air temperature, supply-air temperature, outdoor-air damper signal, supply fan power and total

unit power. Additional parameters from the RTU controller will also be recorded (fan, compressor,
economizer status, etc.)

_ . U.S. DEPARTMENT OF Energy Efﬁciency &
Better Buildings Alliance ENERGY | renewable Energy



‘ Better Advanced RTU Controller: DCV and Fan Controls

€ BUiIdings Verification

U.5. DEPARTMEMNT OF ENERGY

» Supply fan controls vary by mode of operation
— Automated database scripts _
are used to verify operation SUpply 17 Speee

» Demand control ventilation Mode Advanced | Standard
— CO, level is maintained below 1,000 ppm (%) (%)

again automated scripts will be used

to verify this operation Economizer 90 100

> 10 rules created to verify 15t Stage Cooling 75 100
operations, which focus on: |

— Fan speeds in different RTU 2" Stage Cooling 90 100

gggl[]%tm?z i rr%odes, such as ventilation and 15t or 21 Stage Heating 90 100

— Outdoor air damper control depending on e 40 100

sensed CO, concentration

» For each operation, automated database scripts are
used to identify exceptions to the rules

» Exceptions are further investigated

Energy Efficiency &
Renewable Energy

Better Buildings Alliance ENERGY ‘



‘ Eetltgr Advanced RTU Controller: Field Test Economizer
‘ I.IIII'IgS Controls Verification

» To verify the economizer controls, the data collected
from the RTU is processed with PNNL's Outdoor Air
Economizer (OAE) Diagnostician

» OAE Diagnostician will identify problems with -.EH

economizer controls and ventilation operations

» OAE originally funded by Building Technologies Office
and enhanced using funding from California Energy
Commission Public Interest Energy Research and the
Washington State Project 3 SR

Impacts
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‘ Better Advanced RTU Controls: Energy Savings

€ Buildings Estimation Tool

U.5. DEPARTMEMNT OF ENERGY

» PNNL is using Energy Charting and Metrics =T
(ECAM) Tool to estimate energy savings

g ’ :."'..g:
— Semi-automated approach i (jf’" :
— PNNL has further automated the tool E v e e a4 S
— Ability to normalize the savings to a typical ; e

year (e.g. TMY3)

DUlS00s Rir Tesmperaure (11

http://www.pnl.gov/buildingretuning/ecam.stm =
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Ee!:ltgr Advanced RTU Controller: Field Test Saving
ulaings Analysis Approach

U.5. DEPARTMENT OF EMERGY

Original Data Filtering Identify and remove outlier data

Generate daily RTU energy use and the
average outdoor air temperature

Data Aggregation and
Normalization

ECAM Tool
Regression Model
egression Mode Ecoor = Co+ C1 * (T — Teep)+

Development
Eneat = Hy + Hy * (Tycp — T) 4

Measured Energy & Cost Apply the pre-retrofit regression model to
Savings the post-retrofit period

Apply the pre- and post-retrofit

Normalized Annual Energy & regression models to TMY3 weather data

Cost Savings

Sl L

Energy Efficiency &
Renewable Energy
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Ee!-ltgr Advanced RTU Controls: Electricity Savings (%)
uliaings from Field Measurements

U.5. DEPARTMEMNT OF ENERGY

» Electricity consumption from 51 RTUs were analyzed
— 17 RTUs are heat pumps and the rest are air conditioners with gas furnaces
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Ee!-ltgr Advanced RTU Controls: Distribution of
Ul II‘IQS Electricity Savings and Expected Payback

U.5. DEPARTMEMNT OF ENERGY

Frequncy Distribution of Savings - All RTUs
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» Installed cost of advanced controls:
— 1to 3 hp motor (up to 15-ton capacity) is approximately $3,500 + $600-$800 (labor)
— 510 7.5 hp motor (up to 25-ton capacity) is approximately $4,100 + $600-$800 (labor)
» Detailed economic analysis is not yet complete, but paybacks for units with 7.5 ton capacity
and higher likely will be 3 or less with no utility incentives
— Smaller units (<7.5 ton) will have slightly higher payback

Energy Efficiency &
Renewable Energy

Better Buildings Alliance ENERGY ‘



Better
Buildings Advanced RTU Controls: Next Steps

U.5. DEPARTMEMNT OF ENERGY

» Develop a deployment and communication plan and
help BTO/CBI (and BPA) promote the use of
advanced controls for existing RTUs thru RTU
replacement campaign initiated by BTO’s Commercial
Buildings Integration Program

» Develop web-based tool to help users estimate
potential savings from use of advanced controls for
their specific climate and building type

Energy Efficiency &

Better BuiIdingsAIIiance ENERGY ‘ Renewable Energy



Better
Buildings Brainstorming New Projects

U.5. DEPARTMEMNT OF ENERGY

» What new technologies have you heard of?

» What promising existing technologies are underutilized?

» What are the technical and market sticking points?

» How can we gathering performance data and successes to help you?

Energy Efficiency &
Renewable Energy

Better Buildings Alliance ENERGY ‘



Ee!-ltgr Space Conditioning
ulaings May 30 — Session Il, 1:15-2:30

U.5. DEPARTMEMNT OF ENERGY

Manufacturer Solutions and Looking Forward

» Agenda
— Introductions
— Advanced RTU Campaign
— Solutions and new ideas from manufacturers
— Brainstorming and discussion of new ideas

Energy Efficiency &

Better Buildings Alliance ENERGY ‘

Renewable Energy



M Better
‘ Buildings Advanced RTU Campaign (ARC) Quick Overview

U.5. DEPARTMEMNT OF ENERGY

e What:
— Move the commercial building RTU market to greater adoption of high efficiency RTUs
and RTU controls
— Follow-on to RTU Challenge and Advanced RTU Controllers demonstrations

« Who: Campaign organizers, supporters, and DOE
— Organizers: ASHRAE, RILA, and others to be announced
— Supporters: Utility programs, efficiency organizations, and manufacturers
— Participants: Building owners
— Department of Energy provides technical support

* When: The project launches May 30, 2013 and runs through November 2014
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Better
Bu“dings Eligible Technologies

U.5. DEPARTMEMNT OF ENERGY

N
.

e Control Retrofits

— Variable speed fan, advanced economizer controls,
demand controlled ventilation, fault detection and
diagnostics

—  Preliminary results show reduced RTU energy
consumption by up to 40% with a 2-4 year payback

Existing THERMOSTAT orR BMS CONTROLLER

« RTU Early Retirement and High-Efficiency _
Replacement and New Construction ENERGY [ty

. .. . . Building Technologies Office
— CEE Tier 2 and above efficiency levels including the

RESIDENTIAL COMMERCIAL APPLIANCE &|
. ; pOn WL TECHNOLOGIES BUILDINGS BUILDINGS EQUIPMENT STAND)
DOE RTU Challenge specification S ———
About . .
High Performance Rooftop Unit Challenge
Take Action to Save
Energy In January 2011, the U.S. Department
Activities of Energy (DOE) joined i|.1d.ustry Key Resources
partners in the Better Buildings
Partner with DOE Alliance (BBA) to release a design + Download the specification 4
Better Buildings Challenge specification for 10-ton capacity (updated March 2012)
Setter Buidings Al commercial air conditioners, also * Read a fact sheet /5 about the
stier Buldngs Allanes known as rooftop units (RTUs). The specification
_ Join the Better Buildings. specification was issued as an "RTU RRCaicubtajinsloostialeSraness i
Aliance ; replacing your RTU
Challenge.” since it aimed to 3
. . « Review RTU Challenge webinars.
_ Better Buikings Aliance catalyze the market introduction of
Froject Teams. cost-effective, energy-saving RTUs
_ Technology & System that would significantly outperform
Specifications any models that were currently available. The BBA includes an array of building

owners that purchase large volumes of RTUs, so their issuance of a specification
outlining common performance requirements and desired features represents a

- Suppliers

U.S. DEPARTMENT OF Energy EffICIency &

ENERGY Renewable Energy



Better
Bu“dings Manufacturer Solutions

U.5. DEPARTMEMNT OF ENERGY

» What solutions do you have that support Advanced RTU Campaign?
— Technical solutions (hardware, controls, etc.)
— Market solutions
— Other

» What other new space conditioning solutions do you have?

Energy Efficiency &
Renewable Energy

Better Buildings Alliance ENERGY ‘



Better
Buildings Open Discussion, Brainstorming

U.5. DEPARTMEMNT OF ENERGY

» What barriers are preventing existing solutions from being implemented?
— Technical
— Market
— Practical implementation
» Whatare the best new opportunities for energy efficiency or avoided energy consumption?

Energy Efficiency &
Renewable Energy

Better Buildings Alliance ENERGY ‘
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