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>Task 1 Gas PAC Condensing Furnace Specification
� High efficiency gas PAC economics (w & w/o 

incentives)
� Adapt current condensing technology

>Task 2 Breadboard Tests
� Furnace section in lab
� Test & rating methods

>Task 3 Prototype Field Tests
� With manufacturing partner
� Coordinate with utility EEPs

>Task 4 Project Management

Scope of Work

Compressor

Indoor Fan

Base Pan
Base Rail

Condenser Coil

Indoor CoilControl Box

Gas Heat

Source: 
Lennox

<83% AFUE 
Gas Furnace 
Section
Heat 
Exchanger



UTD & GTI CONFIDENTIAL 3

Prior Work on this Project

>GTI and Consortium for Energy Efficiency MOU

>Forming consensus on operating economics
� CEE Fall 2009 Gas PAC Workshop attended by HVAC 

manufacturers, end users, utilities, and others
� Operating economics viewpoint dominated by “lower 

heating load” ASHRAE baseline modeling but 
conflicting with “higher heating load” DOE benchmark 
modeling – both Standard 90.1-2004 based EnergyPlus 
simulations!

� That viewpoint yields NO manufacturer push/end user 
pull

>Resulting action plan is focusing on establishing 
consensus representative ~80% AFUE/TE heating 
loads to determine 90+% AFUE/TE operating 
savings
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Resulting Action Plan for GTI

>ASHRAE and DOE National Labs (NREL & PNNL)
� Converge building model heating load results

> Start with DOE vs. ASHRAE small office building
> Progress by building type with largest load 

differences
� Work with CEE to present updated economic viewpoint 

from Fall 2009 Gas PAC Workshop

>End users
� Validate building model heating load results

> Billing data for targeted Chicagoland buildings
> Gas PAC monitoring in select targeted buildings

� Set stage for high efficiency retrofit field tests
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Conflicting Building Models

>DOE (NREL) Benchmark Models
� EnergyPlus input files …

> 16 building types
> 3 vintages (new, >1980, <1980)

� & 16 climatic location output files
� Basis for net zero energy buildings

>ASHRAE (PNNL) Baseline Models
� Basis  for Standard 90.1 revisions
� Initial series of 7 building types

> ASHRAE design guides
> DOE (PNNL) tech support 

reports

http://www1.eere.energy.gov/buildings/com
mercial_initiative/benchmark_models.html

http://www.ashrae.org/technology/page/938

http://www.osti.gov/bridge/advancedsearch.jsp
and search title “advanced energy design guide”
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Chicago Small Office Model – Can we 

reconcile varying heating loads and validate gas 

usage ?

>EnergyPlus Simulation Results for 
80% AFUE Gas PAC in 5500 ft2 
stand alone, single story building

>Space Heating Gas Therms/Year
� 860 therms/year from 10/09 DOE 

Benchmark for ASHRAE 90.1-2004 
New Construction

� 364 therms/year from ASHRAE 
Baseline presented at 10/09 CEE 
Gas PAC Workshop for ASHRAE 
90.1-2004 New Construction

16 Locations

Installed 
Heating 
Capacity 
(Btuh)

Annual 
Heating 

Load 
(MMBtu)

Annual 
Fan 

Motor 
Heating 
(MMBtu)

Remaining 
Annual 
Heating 
Load for 

Gas 
Heating 
(MMBtu)

Annual Gas 
Energy for 

Heating 
(therms)

Miami 173691 37.46 37.25 0.21 2.65
Houston 178566 52.32 36.24 16.08 201.03
Phoenix 172960 47.58 38.24 9.34 116.77
Atlanta 166519 55.82 33.62 22.20 277.52

Los Angeles 131493 29.39 27.09 2.30 28.72
Las Vegas 145642 43.31 31.02 12.28 153.45

San Francisco 134803 41.67 26.92 14.76 184.45
Baltimore 186310 82.17 37.27 44.90 561.30

Albuquerque 143909 61.14 34.11 27.03 337.99
Seattle 146185 71.73 28.61 43.12 539.03
Chicago 195398 107.83 39.07 68.76 859.58
Boulder 159603 83.54 37.34 46.20 577.51

Minneapolis 203441 135.10 41.42 93.68 1171.03
Helena 178163 113.97 38.99 74.97 937.20
Duluth 198258 156.84 41.70 115.14 1439.17

Fairbanks 245337 259.75 52.17 207.58 2594.75
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Small Office Model Differences
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Billing Data Requests

>Ideal billing dataset
� Monthly gas use and HDDs from July to July
� Building age and size
� Each gas PAC capacity (high & low fire, if 2 stage)

>Provides some validation for building models

>NDAs in process between GTI & major end 
users to access national small and medium 
commercial building datasets

>Potential CEE Gas Committee role to access 
local small office and strip mall billing datasets
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Typical Gas PAC Specifications

� �!���
�����

"������������������
�#����$��

"����%�
!&'�

"���(��#�  �
$)������*�� �)''�&�*��

��� *( ������ �
�� ������+����� ����������������

���� ��������'���
�,� �
�� �,�+ ����� ����������������

���� ��������'���

���
�	���� � � � �

>Single stage dominates at low end with two stage 
use increasing over range to dominate at high end

>Modulating units only a small % at high end of range

>One manufacturer uses drum and tube HX > 12.5 
ton 

>Hi-Lo fire gas valves used for staging, except for two 
stage combustion fans with drum and tube HX  

>Single speed (same for heat & cool) supply fans
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Gas PAC Data Acquisition 
Specifications

>GTI finalizing low cost data acquisition 
specifications for gas and supply fan electricity use 
monitoring>Current switch & state 
logger on gas valve 
(both lo & hi fire if two 
stage) to log “open” time 
X Btuh rating = gas use

>Current switch and state 
logger on fan to log 
runtime X kW rating = 
electricity use
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Gas PAC Monitoring Plans

>GTI will target NDA end users for monitoring of 
conventional gas PACs during coming winter

>Provides further validation for building models

>Potential Gas Committee role to monitor local
buildings that provided billing datasets
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>One-on-one discussions with Wal-Mart, Home 
Depot, Target, Macy’s, Penney’s, Yum Brands, 
others :

� None specifying condensing heating equipment (no gas 
PACs available but high efficiency unit heaters in market)

� DOAS coupled w/no OA gas PACs have most promising 
net operating cost savings w/supply fan cycling w/burner

� High efficiency economics can’t depend on rebates 
� Large numbers of HVAC retrofits peaking next few years 

presents a huge opportunity for cost effective, high 
efficiency equipment to impact these markets

� Strong interest in evaluating current equipment gas use 
and participating in follow-on high efficiency field tests

Observations from End Users – @ 
DOE Commercial Building Energy Alliance 
(CBEA) Summit
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GTI Meetings with Manufacturers

>Being planned for later 
this summer to discuss

� Market economics
� End user interests
� Product developments
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Unitary Market Share (including PAC)  Source: CEE


