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003 The Markgt for Unitary
~rargy Air-Conditioners

» Packaged cooling systems serve about
15 Billion ft?

e 2 million out of 4.6 million air-




L3 Rooftop Air-Conditioner
~:“rqgy Opportunity

o Annual energy use: approx. 700 trillion Btu
(70 Terawatt-hours)*

 Manufacturers indicated that EER 13 to 14 is
possible if significant numbers of buyers are




003 The High Cost of Low
~1rgy Efficiency

= When we started, about 14% of available
equipment models were considered high
efficiency (EER >11.0)

= Most buyers opt for lower efficiency models




—~2003 Technology Options
EHE 1)

e |ncreased effective heat transfer surface area
e |ncreased effective heat transfer coefficient
* Improved compressor efficiency




3 Technology Procurement
“.argy Approach

* Organize large volume buyers and market
Influencers

» Develop technical specifications in cooperation
with buyers and manufacturers

* |ssue competitive solicitation requesting bids for




—~2003
204rgy “You Mean You Just Ask?”

Nobel laureate Richard P. Feynman




—2003 Buyers
=gy

Interest in purchasing or promoting higher-
efficiency equipment expressed by:

= National accounts (Wal*Mart, 7-Eleven,
McDonalds)




/,"*"2003 Request for Proposals
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* Drafted RFP in consultation with
Defense Logistics Agency and other
buyers

— Detailled minimum specifications




2003 Evaluation Criteria
EHE 1)

« Equipment must meet Consortium for
Energy Efficiency (CEE) Tier Il levels:

—Min. EER 11.0
—Min. IPLV 11.4




Lhiergy Computatlon

LCC = P+/7.61xE




INSTRUCTIONS

Step 1:
Step 2:
Step 3:
Step 4:

Step 5:
Step 6:

HIGH EFFICIENCY UNITARY AIR CONDITIONER TECHNOLOGY PROCUREMENT
ENERGY USE INPUT FORM

Input your company name, the equipment model number, and ARI rated net capacity in cells "D14," "D15," and "D16."

Input first stage capacity (or total capacity for single compressor unit) in Column "P."
If your unit has two stages, input total capacity for both stages combined in Column "Q."

Input the kW of the supply fan only in Cells "R22" to "S25." The input kW required during economizer operation is for the supply fan operating under the prescribed minimum
external pressure in ARI Standard 210/240-94.
Input the kW at each temperature bin only for the 1st stage operating in the remainder of Column "R."

Input the kW at each temperature bin for all stages operating in the remainder of Column "S."

Manufacturer: ABC Manufacturing
Model Number: ABC120-Al

ARI Net Rated Capacity: 100 kBtuh
N INPUTS
Weather Conditions Cooling Load Economizer 1st Stage\Cooling \ [\~ All tages Cooling Cooling Capacity Power
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{___}2003W|nners. |
~14rgy Lennox Industries

Model Btu/hr | EER IPLV Price
LCAO90H| 90,000| 11.3 12.0 $2,990




. /"‘:2 Wmners
< -1argy Global Energy Group

Model Btu/hr EER IPLV | Price

PHOO/C 88,000 13.5 13.9 | $4,325




—~22003 Activity Over Past Year
=gy

» Ordering agreements with winners for
commercial sales

» Defense Logistics Agency made winners
avallable to Federal purchasers through their
Maintenance Repair and Operations program
(http://www.dscp.dla.mil/gi/mro/)
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3 Cost Estimator:
~r4rgy Background

o Stemmed from the spreadsheet tool used to
evaluate the UAC Technology Procurement

» Takes local climate and part-load efficiency
Into account




~~2003 Cost Estimator: Basics
=1=rgy

» \Web-based at http://www.pnl.gov/uac/cost-
estimator.stm

e For 1-stage or 2-stage equipment
« Based on specific climate conditions for




2003 Alternative Approaches
f@ﬂfﬁfﬁrgy

FLEOH (Full Load Equivalent Hours)

e Pros
—Requires only FLEOH’s and EER’s
—Simple and easy to use




Alternative Approaches
~—2003
Wﬂjgy (Continued)

Hourly Simulations
(DOE-2, BLAST, EnergyPlus, etc.)

e Pros

— Accurate




/"2003 Alternative Approaches
=gy (Ours)

Temperature Bin

e Pros
— Compromise between simple and complex
— Reasonable estimate without complexity of




03 Comparative Benefits of
~1argy the Cost Estimator

o Offers more refined results than simplified
tools

 \Web-based

e Easy to use (don’t have to be an engineer)




_ 17’5;2003 Uses for Utilities and
<cuargy  Customers

o Supports programs promoting high-
efficiency rooftop AC products

* Helps customers “see” energy and




2003 Cost Esti_mator:
gy Assumptions

 Unit performance modeled using
ASHRAE 90.1-1989 Cost Budget
Method Equipment Performance Curves




_~y3 COst Estimator:
gy Assumptions (Continued)

e Building assumed to be 100% loaded at
the TMY 97.5 percentile temperature

» Building loading assumed to be linear




Data Input Form
:
Mo = MO

State

WWelcome to the Unitary Air Conditioner (UAC) energy and cost savings

asfimator City | KANSAS CITY 'I Kanzas City
achedule | t-Fri, 7am to 7 pm. W-F Fa.m.-Tp.m.
This eslimator 5|mulate5 the energy Usage of both a high eﬁmmncy and T — ﬂ”F 75 oF
a standard efficiency air conditioner. It then compares their energy and
BConomIC perfarmance. Enable Economizer W Economizer enabled
Total Capacty (84 kBtuhin E, stages 84 kBtuh in 2 Stages

To runthe estimator, characterize the two systems and thelr
environment using the controls onthis page. Then click the 'submit’

Oversizing Factor

[

0%

button. Use your browser back' button to return from the results page to : : e :
: ) | Candidate Unit |12 'l 45 12 EER @ $4 500/unit
this control page. Use the restore' button to change all values back to tERE K ¢
the defaLlts shown in the far right column. Standad Unit |9 ~|EER@[d 8 9 EER @ §4 000funit
Help on each control can be found by moving the mouse cursor over the clectnc Uity Rate 305 $fihrs D8 ks
question mark near the controls name.  Note: this help feature works Nominal Discount Rate {10 ¢ 10.0 %
bestin the Microsoft Internet Explorer browser. , —
Escalation Rate |0 o 0.0 %
Equipment Life |15 ~ years 15 years
Murnber of Units |1 units 1 unit
Show bin calculations [ Hide bin calcs
Chart prasent value ¥ Chart present value



RESULTS

Standard
= Candidate i

....................................

[ R R R IR o
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g,
n

system Life (Years)




CWYE WiE Hours|Myw-Eainl*-Eain Cap . il
GO0 51221200063 0006357 2329249 197 127 -4k 8.1 -41.3 00 1 |:|25 0.000 0.000 0.0000.000 |:| 000 0.000 067G
B5.0 56.4 24400081 000581 BO.1 422268 223 231 -3 201 -2F 6B 00 1.0430.000 0.0000.0000.000 0.0000.000 0745
J00 B1.427 800101 00101 B3.1 62.529.0 248 336 15 J21 138 182 10650407 0852 0.4780.000 0.000 0.000 0812
A0 B422990M058 00108 64.256.4 299 24 44 1 0o 441 00 441 1.057 0.994 0.995 0.996 0.000 0.000 0.000 0.854
800 BFB8327 0M23 0012366340312 323 o4k 15 4b.1 00 551 1.0841.000 1.000 10000256 08140314 0906
g0 72837 10Me200152700785346 240 B5.1 3.1 B2 00 B52 1.1021.000 1.0001.0000473 068680544 0974
00 758400067 D016 718800363 170 7ah 47 802 00 802 1.1081.000 1.0001.0000724 09310778 1.019
950 773 M 500169 00169 721 872365 a2 a6.0 B2 923 00 923 1.0861.000 1.0001.0001.023 1.0001.023 1.049
1000 76840900153 0.0123 Y01 ¥3.934.7 4 955 J8 1043 001043 1.0261.000 1.000 1.00017.421 1.0001.421 1.059

RESULTS Candidate | Standard

Annual Energy Consumption (kiWhrs) 5977 7 698 1.721 ELVSSt E'sva;mn at specified T':;t;m ot
: _ : Standard pressure corrected for elevation
Annual Qperat|ng Cost (§) 478 B16 138 S4l - Solar anpd el el
15 Year Life Cycle Cost (§) 8,525 89571 M6 DB Dutside dry bulb (F)
Annualized Cost (F) 8976 1,055 82  OWEB : Outside mean coincident web bulb (F)
Net Present Value (§) 745 OH : Dutsid.e enthallpjlf (Eitu;."ll:u dry air)
- OHR : Outside hurmidity ratio
Simple Payback (yrs) 3B IHR - Inside humidity ratio
Rate of Return (%) 275 WWE : Inside wetbulb (F)
- - IRH : Inside relative hurmidity (%)
Davings to Investment Hatio (SIR) 2.49 9 Lot criteley il g <l

9,500 i HOURS : Mumber of hours that this outside condition occurs during the sp

9,000 S e MY-GAIN - Al loads excluding ventilation (kBtuh)

BE00 - Standard V—GA|NZVEﬂti|ETiDﬂ|DEd

Ei,EIEIEI = Candicste T-GAIM - Total load
el Sl e E-CAP : Economizer capacity. This is based on the fan capacity (reduced
RN LOAD : The remaining net load after economizer is considered.
Sl e CAP CF : DOE-2 capacity correction factar to account for operating condil
@E-DDD LF1 : Load fraction for stage 1 (Load / Available capacity)
B3 il C-EFF1 : Partload efficiency degredation factor for stage 1
me e RT1 : Runtime for stage 1= LF1 / C-EFF1
g :ISEE-- LF2 : Load fraction for stage 2 (Load / Available capacity)
= . C-EFF2 : Partload efficiency degredation factar far stage 2
= =00l - RT2 : Runtime for stage 2 = LF2 / C-EFF2
& E:SEIEI FowCF : DOE-2 systern power correction factor to account for operating o

S 5 on E COff: Systern energy consumption when compressor is off, i.e. inside L
1:5[,.;, e —— e ——————. - ey ————— E_COn: System energy consumption when compressor is on (kWhrs)
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22003 Recent Enhancements
<=-aqy

o Advanced settings
— Outside air ventilation rate
— Inside relative humidity
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Unitary Air Conditioner
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gn Features

Prosursrnlsl

Design Features

This section compares standard or accepted practice with advanced practice in
the manufacture, installation, and maintenance of unitary rooftop air
conditioners. Our technical specifications call for best performance with lowest
possible life-cycle cost. Many different features can contribute to decreased life-
cycle cost, including measures to improve energy efficiency, make regular
maintenance easier, and protect the unit for long-term operation. Click on the
features listed below to view accepted practices, contrasted with advanced

measures.
Feature Accepted Practice Advanced Practice

Kddcs Separate - Hinged
Fanels ACCess access panels

panels and tie-bhack

attached with retaining

sheet metal dewices

SCrews permanently attached to the

Fanels removed during
servicing are susceptible to
being blown from rooftops,
endangering people and
property. Here, a removable
panel leans against the rooftop
unit wihile the technician checks
the unit.

rooftop unit

Hinged panels allow access
while remaining attached to the
unit, thus eliminating the risk of
blowing away. The latch holds
the panel open for convenience
and safety.
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~—~22003 Flilter Replacement Access
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—~2003 Dirty Filter Indication
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A2003 Condensate Drain Pan




A2003 Refrigerant Metering
~nargy  Device
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—~2003 Utility Connections
= | :::‘rgy
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~—~2003 Temperature Control
<=r-rqgy




A2003 Ventilation Air
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2003 Indoor Blower
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o3 Heat-Exchanger
~n4rgy  Technology
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2003 Cabinet Exterior Finish
=/ § J::f'gy




_ /\}2003 Refrigerant Circuits/
~-oargy Load Tracking

Conventional: Improved:

Single refrigerant Dual electrically and
circuit; mechanically independent




S%:‘ZOQB’ Motor Efficiency
<=4 qgy

Conventional: Improved:




:‘,;!2003 Refrigerant Pressure
~onargy  Control

Conventional: Improved:

No valve to prevent Solenoid or check




~=2003 High Humidity Control

=erqgy
Conventional: Improved:
Higher efficiency is Rotating desiccant
sometimes achieved wheels can absorb
Dy raising evaporator  additional moisture

temperatures, makin




'~-‘”‘“\--,2003 Contact Information
SLargy

Brad Hollomon

Pacific Northwest National Laboratory
Tel.: 202-646-5043




