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« Introduction to the Office Market and HVAC Industry

« Current Market Approach

« Current Metrics and Code Requirements

« Future Market Trends
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U.S. Building Energy Consumption

Total Consumption

Year
1980
1990
2000
2006
2010
2015
2020
2025
2030

Quads
57.9
76.1 Transportation
97.2 28%
99.5
103.3
107.3
110.8
114.5
118.0

Residential
21%

Commercial
18%

Industry
33%

Source: 2008 Department of Energy
Buildings Energy Databook
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U.S. Building Energy Consumption (2006)

Wet Clean
6.2%

Residential

Source: 2008 Department of Energy
Buildings Energy Databook
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No Buildings by Type USA Commerical Building Floorspace by Building Type
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From 2003 Commercial Buildings
Energy Consumption Survey
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Vacant, 1.0%

Other. 4.1% Education, 13.3%

Warehouse, 6.4%
Religious, 2.2%
Public Order, 2.3%

Food Sales, 5.1%

Public Assembly, 2.7%
/»Food Senice, 5.9%

. Heath Care, 11.5%
Commercial Office Office, 19.8% ©

Building
Mercantile, 14.7%/ MLodging, 10.7%

Source: 2008 Department of Energy
Buildings Energy Databook
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Other, 5.3%

Office Equipment,

S Heating, 25.09
15.5% pace Heating, 25.0%

Refrigeration, 0.4%
Cooking, 1.1%

Space Cooling, 9.4%

Ventilation, 5.3%
Lighting, 28.9%

Water Heating, 9.0%

Source: 2008 Department of Energy
Buildings Energy Databook
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Typical Office Building

Large ( 25,000 ft2)

Small (< 25,000 ft2)

Stock Floor Area (billion ft2) 8.22 4.29
Shell
Percent Glass 40 - 50 15 - 20
Window R value 1.39-1.71 1.34 - 1.99
Window Shading Coefficient 0.69 - 0.80 0.71 - 0.82
Wall R Value 2.5-6.0 3.9-6.3
Roof R Value 9.1-12.6 10.5 - 13.3
Wall Material masonry masonry
Roof Material built-up built-up
Occupancy
Average Occupancy (SF/person) 390 - 460 420-470
Weedkday Hours (hrs/day) 12 11
Weekend Hours (hrs/day) 5 4
Equipment
Average Power Density (watts/ft2 1 1
Occupied Hours (hrs/yr) 3,580 3,360
Lighting
Average Power Density (watts/ft2 1.3-1.8 1.7-22
Full Lighting hours (hrs/yr) 4,190 3,340

System and Plant

System and Distribution

Constant Volume

Packaged Single Zone

or VAV w/reheat or packaged VAV
Heating Plant Gas Boiler Gas furnace
Cooling Plant Hermetic Centrifugal Chiller Direct Expansion
Service Water Heater Gas Boiler Gas Water Heater

Source: 2008 Department of Energy

Buildings Energy Databook
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#

Building Houly Load, Btu/h

10,000,000 -

3000 000 <

£,000.000

7,000,000 4

6,000,000 4

S.000,000 4

4,000,000 -

S000 000 <

2,000,000 -

1,000,000 4

0 4

Building Hourly Load (Baltimore,.MA)

Toadb (°F)

+ Cooling
= Heating

Data based on ASHRAE 90.1 benchmark large office building
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Kansas City Office
« With building automation systems we are now
able to measure actual building data.

60.0% -

51.419%2.01%

u
S
IS
Ky

» The charts show data from two actual office
buildings with multiple chillers

40.0% -

30.0% -

WEIGHTING FACTOR (%)

20.0% -

10.0% -

» Actual recorded data was compared to the
ARI IPLV rating at the 4 categories
100% - 100 to 97% load
75% - 96 to 62.5% load Chicago Office
50% - 62.5% to 37.5% load
25% - 37.5% to 0% load

1.0% 0.23% 0.00%

‘- ARIIPLV @ Chiller 1 @ Chiller 2]

WEIGHTING FACTOR (%)

» As you can semost of the operation is at
part load and even the ARI weighting factors
are conservative

‘- ARIIPLV @ Chiller 1 @ Chiller 2|
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Value Stream

Architect
¥
Engineer
!
h 4 h ¥ ¥ l
Ductwork and
HVAC Systam Distribution Controls Lighting Elevalors
Systam
¥ ¥ ¥ ¥ ¥
Ductwork and
HVAC System Distribution Controls Lighting Elevators

Conltractors

Equipment Mig's and or
dealerdstributors
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- The typical approach to meeting the demands on the building industry and office building
have been through codes and standards including the following;

— Minimum Efficiency Building Code

US Energy Policy Act — Updated every few years
- ASHRAE 90.1 and the IECC Code — Updated every 3 years

— Tier Il and Il Standards and Guidelines

- ASHRAE 189.1 — New High Performance Green Building Standard

- ASHRAE Advanced Energy Design Guides (ie Small Office Building)
CEE Efficiency Requirements

EnergyStar

New Building Institute
LEED building rating system
FEMP

Other than the LEED rating system most are focused on component efficiencies
with the emphasis at full load
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« Existing Standards
— Standards groups are continuing to push towards improved component
efficiencies but with refrigerant changes and approaching technological limits
it is becoming increasingly more difficult and costly
— Standards are trying to expand to cover other energy uses including
industrial, plug loads, water and transportation

- New Trends Start to emerge
— Continuing on the above path will eventually lead to equipment state of the
art. New approaches are emerging to capture all of the energy use and
intensity to allow systematic reduction of them in all aspects of building
systems.
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Example Standard(s)

Option Example Metric

Efficiency Metrics ey emharsh b COP, % Eff

Berktry Eetept Low.Aa Standard 189.1,
Binkibetial Bebiing Standard for High-

current  HVAC Unit Full Load ‘ 0 ASRAL STANOARD = “ ‘ EER, watts/cfm
Partommartt Rtag

Performance Green o 3 orveb hackeniial
1 e Buildings (draft) i B Com it et
S Heat Barep Eguigeneni
4 o 3 IPLV SEER, IEER,
HVAC Full and Part ‘ = HSPF
Load Efficiency Metrics
b ]

GUIDELINE for | Gl DA TG

Tl DFFCENCY
oF INEROY
RECOWVDETY
WERTLA IO
AND 7Y EFRERCT
[ F LI Lo

AND TG O '
AL KA i CEF, System EER
Hybrid System Combined ‘ a0 S HEﬁE'i"E.FLE’FfEl‘* ‘
Efficiencies _ TR
1 @ LEED-NC
Overall Annualized __J_N__,*-__,_._, Building % Energy
Efficiency Relative ‘ Savings
to a Base —rm
Targat Findes

_— . ‘ Energy intensity
future Overall Building Ratings ‘ building rating
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« ASHRAE Standard 90.1-2010 is committed to a reduction of 30% from the 2004
version of the standard

- Addenda already nearing completion that recognize the value of capturing the
part load contribution

— Addendum m-Chiller efficiencies
— Addendum g — New packaged unit efficiencies
— Addendum s-The new IEER part load metric for packaged units

- There is a defined project to develop a methodology and metrics for system

efficiency and a modeling capability being developed by PNNL to assist this
process.
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Efficiency = output/input

A 4
v

Input Output

So, another way of looking at this is

Efficiency = outputs/ inputs

v

iInputs

A 4

Output
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“Stephen P Kavanaugh, Ph.D., Fellow ASHRAE;

Score Sheet for HVAC SYSTEM Efficiency

HVAC University of Alsbamsa - Mechanical Engineering
ltem # | System Description: Air Cooled Screw Chiller with
FPVAV K
1 ChilleriCompressor; KWiTon —=3 126 125
2 Supply Air Handling Unit Total Fan Pressun 44| 035
Mctor EFf (%) ——= 85
Fan Ef. (%) ~—-> TO
Airflow in cfmon -—-3 400
3 Return Fan Pressure; Inches of Water —-: 14 o1
Mator EFF (%) ——3 85
Fan Ef. (%) ~=—-> 70
Exhaust Air Percent of Refurn Air (%) —-—3 20|
4 Chilled Water Pump Head - Ft. of Water -——: 116 o009
Mator EFf (36) — -3, 85
Pump Eff, (%) ——> 65
Chilled Water Flow in gpmiton —-—3 2.4
13 Condenser Pump Head - Ft of Water —-—: 0 o000
Mator EFF (%) ——3 a0
Pump EFf, (%) =2 70|
Condenser Water Flow in gpmiion -—-3 3
3 Cooling Tower or Condenser Fan KW Ton-— 0.ood( o000
T Zone FCU or VAV Terminal Fans kWiton —— 0180 018
= 1899
kWiTon=| 2.49
EER=| 4.8
cor= 1.4

Tan
1.00

0,10

0,03

-0.03

0.05
0.80

NOTES
celis that applyto sysem

Enter values fo items in

Std. 8901 Naot all systems will contain all seven HVAC items.

hpfion hpd1000cim The required power inpaut is computed inColumn D, Columin E includes the base

152
0.40

0.13

10

0.00

0.00
016

output (1 ton) and indoor fan and chilled water pump heat penalties (in tons),

0.88 Column F comverts values o motor hpton. Column G computes the value of
hp/1000 cfm thatis used in ASHRAE Standard 80.1-2004 to limit fan power,
The Standard limits fan power to 1.5 hp/1000 cfm for AHUs > 20,000 cfm
and 1.7 hp/ 1000 cfm for AHUs < 20,000 cfm for VAV systems

0.3 For CAV systems limits are 1.1 hp/1000 cfm and 1.2 hpicfm,

Retum fan heat in % exhausted air is not included in fan heat penalty.
For primary-secondary, add pump heads,

EWiton walues from generic manufacurer data, use actual values if known

0.38 kWiton values from generic manufacurer data, use actual values if known
1.70 Eg.; A fan for & 3-ton unit draws 0.5 KW, kEWTan=05 kW +3 ons= 0167
Summation in "Ton™ column includes fan, pump, and motor heat deducfions,

CEE <
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- The purpose of the label is to:

— Provide a meaningful summary of a commercial building’s energy
performance with a comparison to ASHRAE/IESNA Standard 90.1 that can be
disclosed or presented to parties engaged in real estate transactions.

— Provide an energy efficiency rating that facilitates the comparison of buildings’
performance.

— Provide an energy efficiency rating based on a building’s design and its
estimated energy consumption.

— Provide an energy efficiency rating for a building’s actual energy consumption
and operation.

— Provide meaningful indicators of the building’s impact on the environment
such that the greenhouse gas emissions can be estimated.

-~ Document major energy efficiency features and characteristics of the building.

— Evaluate the building’s design intent to meet or exceed minimum indoor
environmental criteria for health.

— Provide recommendations for energy efficiency improvements.

- These metrics will be used to guide the development of the ASHRAE Building
Energy Label.
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Move to Integrated Design Methodology

Future Design

Establish Order of Priorities Process

- Energy Modeling

- Performance Targets

- Low Exergy Systems

- Renewable Energy Sources

Microclimate Considerations
- Displacement ventilation
- IAQ, Comfort

Passive Designs

- High Mass Buildings

- Free cooling

Active Systems

- Combined Heat/Power
- Hybrid Systems

Building
Design Process

Active Systems
Selected to meet

specifications L
Commissioning

- Startup

- Continuous
]
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- For future buildings it will take a team effort and use of advanced modeling tools
to make significant energy reductions

_— Owner
Architect Component
Manufacturers
Local Controls
Government Company
Engineer Future Building Utilities

\ ST /

Agent
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- Recent studies have shown that buildings

often do not operate as they were
intended Results from a DOE

commissioned Tiax study on

- To obtain the design energy savings we existing building energy losses

must also do the following;
— Properly commission the building
— Maintain the building and equipment
— Adapt as the building use changes

-~ Make the occupants aware of the
energy use
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- In United Technologies we set aggressive goals to reduce energy, water, and

waste.
- This was done thru analysis of existing resource, modeling and then

implementing changes to reduce demand.
- This was often done with existing equipment.

Our performance: Waste (Ibs.)

| Energy (BTUs) B Water (gal.) L _' ' Recycled Non-Recycled

Normalized BESISNON BWAAY 52% | 66%

Absolute

« We have seen other studies in the industry with similar results
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