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IEA HPP Annex 32 

Economical heating and cooling systems for low ener gy houses 

International Energy Agency 

Heat Pump Programme 

Ground-source and air-source Integrated Heat 
Pump (IHP) concept for Low or Net Zero  
Energy Homes 
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One of the strategic goals of the US Department of En-
ergy’s Building Technology Program is a broad market 
introduction of Net Zero Energy Houses (NZEH) by the 
year 2020. Therefore, development of adapted energy 
service systems technology started in 2005. An Inte-
grated Heat Pump (IHP) proved to be the most promis-
ing system concept for the application in NZEHs. 
Both ground-source and air-source IHP systems are 
under development. Lab-prototype test results have 
been used to set parameters of a heat pump model. 
System simulations for 5 major climate zones yielded a 
reduction of energy consumption in the range of 52%-
65% for the ground-source IHP and 47%-67% for the 
air-source IHP compared to a baseline system consist-
ing of an ASHP, a water heater, ventilation fan and de-
humidifier that meet current minimum DOE energy effi-
ciency requirements. For the different climate zone pay-
back times range between 5-10 years for the air-source 
and 6.5 -14 years for ground source IHP with borehole 
heat exchanger. 
Currently, prototype systems are in preparation by 
manufacturers for field testing in research houses near 
Oak Ridge, TN. Field test of the ground-source proto-
type will start in summer 2010, the air-source field test 
will follow in winter 2010/11. Besides the IHP prototypes 
other innovative technologies will be tested: A ZEHcor 
internal utility wall, which integrates internal pipes and 
duct, a foundation heat exchanger as heat source for 
ground-source heat pumps and different types of insula-
tions of the building. 
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·  Location: Knoxville & ORNL test site, Tennessee 

·  Single-family homes; 7 test houses 

·  Floor area: � 220-340 m2 (2400-3700 ft2) 

·  Different HERS Ratings: 31-85 

·  Different types of innovative insulation concepts 
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The strategic goal of US Department of Energy (DOE) Building Technology 
Program is the broad market introduction of Net Zero Energy Homes (NZEH) 
by the year 2020. According to a working definition of the DOE, a Net Zero 
Energy Home is “a home with greatly reduced needs of energy through effi-
ciency gains (60-70% less than conventional practice) with the balance of 
energy needs supplied by renewable technologies”. 
Therefore, respective building technology is to be developed now to be mar-
ketable by 2020. A scoping technology assessment in 2005 revealed that an 
integrated heat pump (IHP) is the most promising concept. 
Air-source and ground-source variants of the IHP have been investigated in 
lab-tests and simulations and field test prototypes of each are now in prepa-
ration. Field test of the ground-source prototype is planned in summer 2010 
followed by the air-source prototype in the winter 2010/2011. 
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To achieve this goal will require energy service equipment that can meet the 
space heating and cooling (SH and SC), ventilation (V), water heating (WH), 
dehumidification (DH), and humidification (H) needs while using 50% less 
energy than current equipment. The energy benefits of an IHP stem from the 
ability to utilize otherwise wasted energy (e.g., heat rejected by the space 
cooling operation can be used for water heating) and from the ability to justify 
the cost of more expensive, more energy efficient components because they 
serve multiple functions (e.g., a variable speed compressor is used to both 
provide space conditioning and water heating). An integrated heat pump can 
be designed to be air-source or ground-source. 
A laboratory prototype was developed and tested over a range of operating 
modes and conditions. Test data was used to validate a detailed heat pump 
system model - the DOE/ORNL Mark VI Heat Pump Design Model (HPDM). 
HPDM was then linked to TRNSYS, a time-series-dependent simulation mo-
del. The experimentally validated analytical tool was used to calculate the 
annual performance of IHP system designs optimized for R-410A in five ma-
jor cities, representing the main climate zones within the United States: At-
lanta (mixed-humid), Houston (hot-humid), Phoenix (hot-dry), San Francisco 
(marine) and Chicago (cold). The calculations extended for a full year using 
3-minute time steps. For the AS-IHP version, the simulation results showed 
~46-67% energy savings depending upon location. For the GS-IHP version, 
the simulation showed over 50% savings in all locations - ~52-65% range. 

Schematic of AS-IHP concept design 
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The technology is in the prototype status. 

Possible arrangement of the Air-source Integrated He at Pump 

Schematic of GS-IHP concept design 
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NZEH field monitoring is being carried out at two research house 
sites near Oak Ridge National Laboratory and sponsored by 
DOE’s Building Technology Program and the regional electric 
utility TVA. 
The 7 houses under field monitoring fulfil different standards of 
the Home Energy Rating System (HERS®-Index). Three of the 
houses are located at Campbell Creek (co-funded by TVA): 
·  a “Builder House” (HERS®-Rating 85 corresponding to Ener-

gyStar®) with 223 m2, a standard framing package of R-13 
walls and R-30 ceiling, 2 air-source heat pumps, one per 
floor, SEER 13 (3.8), 4.5 tons (~16 kW) total and ducts and 
top floor indoor unit not in conditioned space 

·  a “Retrofit House” (HERS®-Rating 65 which is a bit better 
than the so-called builders challenge of 70 and lower), 223 
m2 with sealed and insulated attic, a 3 ton (~10.5 kW) heat 
pump, HSPF= 9.5(2.8), SEER 16(4.7), air-side zone control, 
100% CFL (compact fluorescent lighting), EnergyStar appli-
ances as well as single-hung low-e, argon gas-filled, double-
pane windows 

·  a “Research House” (HERS®-Rating 31 incl. Solar) with Ad-
vanced framing (2 x 6) and insulated sheathing (R-2.74) ra-
ther than OSB, R-49 attic with radiant barrier sheathing, R-6 
triple-pane gas-filled windows, a 2-ton (~7 kW) air-air heat 
pump, SEER 16(4.7), HSPF 9.5(2.8), air-side zone control, 
energy recovery ventilator (ERV), advanced appliances, 
waste heat recovery, HPWH, 2.5 kW solar PV, etc. 

The other four houses, 230-340 m2, are part of the Zero Energy 
Building Research Alliance (ZEBRAlliance).  Partners include 
BarberMcMurry Architects (designer of the houses) and the re-
gional home builder Schaad. Plans call for GS-IHP field monitor-
ing in three of the houses starting in summer 2010 and AS-IHP 
field monitoring starting 2010/2011 winter in the 4th house. 
Besides the IHPs other new technology concepts for NZEHs will 
be evaluated in these field tests. They are given in the figures on 
this page and described in the text box “Major innovations…” on 
the next page. 
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Outline of field tests for near Zero Energy Building s Position of Foundation Heat Exchanger and ZEHcor 
Interior wall in floor plan of ZEBRAlliance Research  
house #1 

Concepts of the ZEHcor Interior utility wall 

Concepts of the foundation heat exchanger (FHX) 
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·  ZEHcor interior wall : The ZEHcor interior wall com-
prises all supply and return lines of electricity, ventila-
tion, air distribution and water. It enables reduced hot 
water distribution losses and facilitates heat recovery 
via easy coupling of energy recovery ventilation 
(ERV)-to-FHX, appliances & grey water to FHX, etc. 
Moreover, it reduces costs due to pre-fabrication in a 
controlled factory environment. 

·  Foundation heat exchanger (FHX) : The foundation 
heat exchanger is the heat source for the GS-IHP va-
riant. It saves energy by enabling the use of geother-
mal HP and reduces costs by using the excavations 
needed anyway to build the house, i.e. no extra dig-
ging or drilling is required. Performed field tests show 
promising results. 

·  Dynamic thermal insulation – PCM : This features a 
double wall with 2”x4” (.05m x .1m) wood studs, offset 
to minimize thermal bridging through the studs.  Mi-
croencapsulated phase change material (PCM)-
enhanced cellulose insulation.  It is expected that the 
PCM will provide some thermal buffering to this light-
weight wall system. 

·  Structural insulation panels – SIP : Walls and roof 
decking made of ~.15m thick SIPs – two oriented 
strand board (OSB) panels with extruded polystyrene 
(EPS) insulation sandwiched between. 

·  Advanced Framing : Walls with 2”x6” (.05m x .15m) 
wood studs, 24” (0.6m) on center with .15m fiberglass 
batt and .013m polyurethane sheathing. 

·  Exterior Insulation finishing : Walls of conventional 
2”x4” (.05m x .1m) wood studs, 16” (.4m) on center, 
with .13m of EPS fastened to outside of studs and 
low-e foil facing on inside of EPS. 
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Prototype Development Van D. Baxter 
Dr. C. K. Rice, Dr. R. Murphy, Van D. Baxter, HVAC Equipment Design Options for Near-Zero-Energy Homes  
William G. Craddick A Stage 2 Scoping Assessment. ORNL/TM-2005/194. November, 2005 
Oak Ridge National Laboratory  
 Murphy, R. W., C. K. Rice, V. D. Baxter, and W. G. Craddick  
Field monitoring (ZEBRAlliance)  Air Source Integrated Heat Pump for Near Zero Energy Houses: 
DOE Building Technology Program Technology Report. ORNL/TM-2007/112, July 2007 
 Oak Ridge National Laboratory  
Schaad Home Building Company Murphy, R. W., C. K. Rice, V. D. Baxter, and W. G. Craddick  
TVA Regional Utility Ground Source Integrated Heat Pump for Near Zero Energy  
BarberMcMurry Architects Houses: Technology Report. ORNL/TM-2007/177, Sept. 2007 
 
  A. Vohra, Van D. Baxter 
 Integrated Heat Pump System Technology Development for Net 
 Zero Energy Home Application, Workshop Paper IEA HPP Annex 
 32 Workshop, Kyoto 
Date of System concept sheet: June 2010 Download at http://www.annex32.net/presentations.htm 
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Initial cost analyses (based on 2006 equipment costs and 
electricity prices) yielded estimated simple paybacks of the 
IHP systems vs. a baseline HVAC/WH/DH/H system in a 
net ZEH - about 5 to 10 years for the AS-IHP and 6.5 to 14 
years for the GS-IHP (with vertical bore ground HX). 
The figure below shows energy costs for field tests of differ-
ent stages of the NZEH development performed from 2002 
to 2004 at a Habitat for Humanity development near ORNL. 
Developments decreased operation costs from 1 $/day to 
0.6 $/day. For the IHP field test prototypes to be examined 
in this field test series, which fulfill DOE targets, negligible 
daily energy costs are expected. 
The targeted energy reduction of 60-70% implies respective 
CO2-emission savings. 
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Operational Energy Costs in NZEH Field Test of the D OE/ORNL 

IEA HPP Annex 32  

IEA HPP Annex 32 is a corporate research project on technical building systems with heat pumps  
for the application in low energy houses.  
The project is accomplished in the Heat Pump Programme (HPP) of the International Energy Agency (IEA). 

Internet: http://www.annex32.net 


