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ZEBRAlliance Research Project 

Shows Promising Results
By Kaylie Lathe

Two of the ZEBRAlliance homes in the 
Crossroads at Wolf Creek subdivision in 
Oak Ridge, Tenn., were equipped with the 
foundation heat exchanger technology.
(Photo courtesy Piljae Im-ORNL)
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-VMZOa� MNÅKQMV\� OZW]VL�[W]ZKM� PMI\�

X]UX[� IVL� MVMZOa� MNÅKQMVKa� IZM� WV�

\PM� _Ia� \W� JMKWUQVO� INNWZLIJTM� IVL�

QVKZMI[QVOTa� UWZM� LM[QZIJTM� WX\QWV[�

NWZ� ZM[QLMV\QIT�][M�� \PIVS[� \W�VM_� NIK\[�

OIQVML� NZWU� I� KWTTIJWZI\Q^M� ZM[MIZKP�

XZWRMK\�KITTML�B-*:)TTQIVKM��:M[MIZKP�

PI[� ZMKMV\Ta� JMMV� KWUXTM\ML� WV� NW]Z�

<MVVM[[MM� PWUM[� J]QT\� _Q\P� \PM� OWIT�

WN � LMKZMI[QVO� \PM� KW[\� WN � ZM[QLMV\QIT�

OZW]VL�[W]ZKM�PMI\�X]UX�QV[\ITTI\QWV�

<PM� XZWRMK\¼[� OWIT� Q[� \W� [PW_�

KWV[]UMZ[� PW_� INNWZLIJTM� IVL�

IXXMITQVO� MVMZOa�MNÅKQMV\� PWUM[� KIV�

JM�� ;KPIIL� +WUXIVQM[�� KW�NW]VLMZ�

WN � \PM�ITTQIVKM��J]QT\� NW]Z�PWUM[�� MIKP�

MY]QXXML� _Q\P� LQNNMZMV\� MVMZOa�[I^QVO�

[\ZI\MOQM[�� QV� IV� 7IS� :QLOM�� <MVV���

[]JLQ^Q[QWV�

B-*:)TTQIVKM�� I� X]JTQK�XZQ^I\M�

XIZ\VMZ[PQX�� _I[� NWZUML� Ja� \PM�

,MXIZ\UMV\� WN � -VMZOa¼[� 7IS� :QLOM�

6I\QWVIT� 4IJWZI\WZa� IVL� ;KPIIL�

+WUXIVQM[� QV� ��� �� 7:64� XZW^QLML�

XZWL]K\� UIVIOMUMV\�� \MKPVQKIT�

M`XMZ\Q[M�� QVL][\Za� XIZ\VMZ[� IVL� \PM�

ZM[MIZKP�WV�\PM�PWUM[��

<PM�XZWRMK\� TWWSML� I\� \PM� MNÅKQMVKa�

WN � \_W� \MKPVWTWOQM["� I� NW]VLI\QWV�

PMI\� M`KPIVOMZ� IVL� I� OZW]VL�

[W]ZKM� QV\MOZI\ML� PMI\� X]UX�� 7\PMZ�

M`XMZQUMV\[� _MZM� KWVL]K\ML� QV� \PM�

PWUM[�� QVKT]LQVO� \PM� M^IT]I\QWV� WN �

NW]Z� J]QTLQVO� MV^MTWXM� [\ZI\MOQM["�

[\Z]K\]ZITTa� QV[]TI\ML� XIVMT[�� WX\QUIT�

^IT]M� NZIUQVO��LW]JTM�_ITT� [a[\MU�IVL�

M`\MZQWZ�QV[]TI\QWV�IVL�ÅVQ[P�[a[\MU�

<PM� XZQUIZa� [XWV[WZ� WN �

B-*:)TTQIVKM�_I[�\PM�,MXIZ\UMV\�WN �

-VMZOa� *]QTLQVO� <MKPVWTWOQM[� WNÅKM��

J]\� <MVVM[[MM� >ITTMa� )]\PWZQ\a� IT[W�

XZW^QLML�N]VLQVO�NWZ�\PM�B-*:)TTQIVKM�

XZWRMK\�� I[� _MTT� I[� XIZ\QKQXI\QVO� QV� \PM�

LM[QOV�XZWKM[[��,I^QL�,QV[M��_PW�_WZS[�

QV� <MKPVWTWOa� 1VVW^I\QWV� I\� <>)�

IVL� Q[� WV� 1/;08)¼[� IL^Q[WZa� KW]VKQT��

XIZ\QKQXI\ML�I[�I�LM[QOV�\MIU�UMUJMZ��

*MQVO�WV�\PM�LM[QOV�\MIU�QVKT]LML�_WZS�

WV�JW\P�UMKPIVQKIT�[a[\MU�LM[QOV�IVL�

\PM�J]QTLQVO�MV^MTWXM��,QV[M�[IQL�

¹<PM� XZWRMK\� LMUWV[\ZI\ML� \PM�

\PMZUIT� XMZNWZUIVKM� WN � NW]Z� LQNNMZMV\�

J]QTLQVO�MV^MTWXM�LM[QOV[�NWZ�MVPIVKML�

\PMZUIT�XMZNWZUIVKM�º�,QV[M�[IQL�

¹<>)� PI[� _WZSML� _Q\P� 7:64� NWZ�

UIVa� aMIZ[�º� ,QV[M� [IQL�� ¹<PQ[� Q[� I�

XIZ\� WN � I� KWV\QV]QVO� MNNWZ\� Ja� <>)�

W^MZ� UIVa� aMIZ[� XZWUW\QVO� \PM� _Q[M�

John Shonder of ORNL, Jeff Spitler 
of OSU, Simon Rees of De Montfort 
University and Dan Fisher of OSU, 
worked together on the ZEBRAlliance 
project’s research and model 
development for the FHX.  
(Photo courtesy Piljae Im-ORNL)

The FHX, buried along the 
foundation of house 1 (SIP house), 
used a 3/4-inch pipe with six pipes 
per trench.
(Photo courtesy Piljae Im-ORNL)
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IVL� MNÅKQMV\� ][M� WN � MTMK\ZQKQ\a�� <PM�

NW]VLI\QWV� PMI\� M`KPIVOMZ� KWVKMX\�

][ML� QV� B-*:)TTQIVKM� PW][M[� WVM�

IVL� \_W� _I[� ÅZ[\� \ZQML� WV� WVM� WN � \PM�

0IJQ\I\�NWZ�0]UIVQ\a�PWUM[�QV�4MVWQZ��

<MVVM[[MM�º

B-*:)TTQIVKM� PWUM[� WVM�� \_W�

IVL� \PZMM� [\IZ\ML� W]\� _Q\P� [\IVLIZL�

OZW]VL�[W]ZKM�PMI\�X]UX[��_PQTM�PWUM�

NW]Z� PIL� I� [\IVLIZL� IQZ�[W]ZKM� PMI\�

X]UX��;a[\MU[� QV�PWUM[�WVM�IVL� \_W�

_MZM� TI\MZ� ZMXTIKML� _Q\P� \PM� /;�108�

XZW\W\aXM�

<PM� PWUM[� _MZM� ^IKIV\� L]ZQVO� \PM�

ZM[MIZKP� XPI[M�� J]\� WKK]XIVKa� _I[�

[QU]TI\ML� NWZ� ZM[MIZKP� X]ZXW[M[�� )N\MZ�

I����UWV\P�ZM[MIZKP�XMZQWL��\PM�PWUM[�

_MZM� MY]QXXML� _Q\P� [\IVLIZL� UIZSM\�

PMI\�X]UX[��M`KT]LQVO�\PM�NW]Z\P�PWUM��

_PQKP�SMX\�Q\[�[\IVLIZL�IQZ�[W]ZKM�PMI\�

X]UX�� IVL� X]\� WV� \PM� UIZSM\� NWZ�

QV\MZM[\ML�J]aMZ[�

.WZ� \PM� .0@� LM^MTWXUMV\�� 7:64�

X]\� \WOM\PMZ� I� \MIU� TML� Ja� 2MNNZMa�

;XQ\TMZ�� I� 5MKPIVQKIT� -VOQVMMZQVO�

XZWNM[[WZ�I\�7STIPWUI�;\I\M�=VQ^MZ[Q\a��

0Q[�\MIU�_I[�UILM�]X�WN �\PZMM�[\]LMV\[�

IVL� ;QUWV� :MM[� WN � ,M� 5WV\NWZ\�

The layout of house 1 (SIP house) 
shows where the FHX was placed. 
(Photo courtesy Piljae Im-ORNL)

(below) The mechanical room in the 
basement of house 1 (SIP house), 
shows the GSHP system for space 
conditioning, water-to-water heat 
pump system for water heating which 
is also connected to the FHX, and the 
hot water tank connected to water-to-
water heat pump. 
(Photo courtesy Piljae Im-ORNL)
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THE COMPLEX 
MONITORING SYSTEM 
LINES COME TOGETHER 
IN A JUNCTION AREA FOR 
THE HOME’S SLAB LOOP 
SYSTEM.  

=VQ^MZ[Q\a� QV� \PM�=3�� �;XQ\TMZ�IVL�PQ[�

\MIU� LM^MTWXML� \PM� UWLMT[� NWZ� \PM�

TWWX[�IVL�\PM�KWV[\Z]K\QWV�M`KI^I\QWV[�

¹?M� LM^MTWXML� \PM� UWLMT[� I[�

7IS� :QLOM� KWTTMK\ML� LI\I� IVL� _M�

KWUXIZML� I[� _M� _MV\�º� ;XQ\TMZ� [IQL��

¹1V�\PM�MVL��_M�LM^MTWXML�UWLMT[�\PI\�

_MZM� ^ITQLI\ML� IOIQV[\� 7IS� :QLOM¼[�

M`XMZQUMV\IT�LI\I�º

;XQ\TMZ� _WZSML� \W� OM\� \PM� UWLMT[�

QV\W� -VMZOa� 8T][�� I� J]QTLQVO� MVMZOa�

[QU]TI\QWV� XZWOZIU� ][ML� \W� UWLMT�

MVMZOa�IVL�_I\MZ�][M�QV�J]QTLQVO[�

¹<PM� ZM[]T\[� IZM� XZWUQ[QVO� NWZ� \PM�

XIZ\[� WN � \PM� KW]V\Za� _Q\P� I�UWLMZI\M�

KTQUI\M�º� ;XQ\TMZ� [IQL�� ¹1\� KW]TL� JM�

QUXTMUMV\ML�QV�Y]Q\M�I�NM_�XTIKM[��J]\�

QN �aW]�_MZM�OWQVO�\W�\M[\�\PM�JW]VLIZQM[�

NIZ\PMZ� VWZ\P�� UWZM� ZM[MIZKP� PWUM[�

_W]TL�JM�VMMLML��7VM�WN �\PM�TI[\�\PQVO[�

_M�LQL�_I[�I�UIX�WN �\PM�=�;��[PW_QVO�

_PMZM�W]Z�\MKPVWTWOa�_W]TL�_WZS�_MTT�

IVL� UIaJM� _PMZM� Q\� _W]TL� JM� I� TQ\\TM�

UWZM�LQNÅK]T\�º

<PM� B-*:)TTQIVKM� XZWRMK\� KIUM�

IJW]\� I\� IV� WXXWZ\]VM� \QUM�_PMV� \PM�

ZM[QLMV\QIT�PW][QVO�UIZSM\�PIL�[TW_ML��

8I\ZQKS�0]OPM[�WN �7:64�[IQL�

¹;KPIIL� +WUXIVQM[� _I[� QV\MZM[\ML�

QV� ][QVO� \PI\� [TW_� \QUM� \W� TMIZV� I�

VM_� XZWL]K\� NWZ� \PMQZ� PWUM� J]QTLQVO�

J][QVM[[�º�0]OPM[�[IQL��¹?M�PIL�[WUM�

\MKPVWTWOQM[�IVL�QVL][\Za�XIZ\VMZ[�\PI\�

_MZM� ZMILa� \W� X]\� [WUM� VM_� \PQVO[�

QV� IVL� M[[MV\QITTa� ÅMTL� \M[\� \PMU� QV�

PWUM[�º

2MVVQNMZ� *IVVMZ�� +-7� WN � ;KPIIL�

+WUXIVQM[�� _I[� MIOMZ� \W� TMIZV� UWZM�

MVMZOa�MNÅKQMV\�\MKPVWTWOQM[�

¹0I^QVO� TMIZVML� IJW]\� 7:64¼[�

ZM[MIZKP� QV� ZM[QLMV\QIT� J]QTLQVO�

\MKPVWTWOQM[� IVL� <MVVM[[MM� >ITTMa�

)]\PWZQ\a¼[�QV\MZM[\�QV�MVMZOa�MNÅKQMVKa��

;KPIIL� QVQ\QI\ML� I� KWTTIJWZI\QWV�

\PI\� ZM[]T\ML� QV� I� _QV�_QV�_QV� NWZ� ITT�

QV^WT^ML�º�*IVVMZ�[IQL�

;KPIIL�JZW]OP\�QV�*IZJMZ�5K+]ZZa�

)ZKPQ\MK\[� \W� LM[QOV� NW]Z� \M[\� PWUM[�

\W� JM� J]QT\� QV� \PM� +ZW[[ZWIL[� I\�?WTN �

+ZMMS�;]JLQ^Q[QWV�QV�7IS�:QLOM��<MVV���

;KPIIL� TMI[ML� \PM� PWUM[� \W� 7:64�

NWZ� ��� I� LIa� NWZ� ��� UWV\P[�� *IVVMZ�

[Ia[� B-*:)TTQIVKM� _I[� ;KPIIL¼[� ÅZ[\�

MVLMI^WZ� \W� QUXZW^M� MVMZOa� MNÅKQMVKa�

QV�Q\[�ZM[QLMV\QIT�XZWL]K\�WNNMZQVO[�

-IKP�WN �\PM�NW]Z�PWUM[�PIL�LQNNMZMV\�

KWUJQVI\QWV[� WN � MVMZOa� MNÅKQMV\�

[\ZI\MOQM[�\W�JM�\M[\ML��0W][M�WVM�][ML�

IV� .0@� [a[\MU�� I[� WXXW[ML� \W� \PM�

\ZILQ\QWVIT�UM\PWL�WN �LZQTTQVO�JWZMPWTM[�

NWZ�XQXQVO��IVL�_I[�J]QT\�][QVO�\PM�;18�

MV^MTWXM��0W][M�\_W�IT[W�][ML�IV�.0@�

[a[\MU��J]\�_I[�J]QT\�_Q\P� \PM�WX\QUIT�

^IT]M� _WWL� NZIUQVO� I[� \PM� J]QTLQVO�

MV^MTWXM��0W][M[�WVM�IVL�\_W�JW\P�PIL�

_ITSW]\� JI[MUMV\[�� 0W][M� \PZMM� ][ML�

\PM� KWV^MV\QWVIT� ^MZ\QKIT� TWWX�OZW]VL�

Jerald Atchley and William Miller of 
the ORNL Building Envelope Group 
discuss the sensors along the 
basement wall where one of the FHX 
systems will be installed. 
(Photo courtesy Piljae Im-ORNL)
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[W]ZKM� QV[\ITTI\QWV� IVL� I� LW]JTM� _ITT�

[a[\MU� J]QTLQVO� MV^MTWXM�� 0W][M� NW]Z�

_I[� MY]QXXML� _Q\P� I� \WX�WN�\PM�TQVM�

[\IVLIZL�IQZ�[W]ZKM�PMI\�X]UX�IVL�_I[�

J]QT\� _Q\P� IV� -1.;� MV^MTWXM�� 0W][M[�

\PZMM�IVL�NW]Z�_MZM�\_W�TM^MT�J]QTLQVO[�

W^MZ�KZI_T[XIKM[�

� <PM� .0@� _I[� LM^MTWXML� \W� OW�

ITWVO�\PM�NW]VLI\QWV�WN �\PM�PW][M�IVL�

QV� ]\QTQ\a� \ZMVKPM[�� ZML]KQVO� \PM� VMML�

NWZ�\ZILQ\QWVIT�\ZMVKPQVO�WZ�LZQTTQVO�IVL�

K]\\QVO�\PM�KW[\�WN �QV[\ITTI\QWV��:M[MIZKP�

[PW_[�\PI\�\PQ[�QV[\ITTI\QWV�UIa�ZML]KM�

\PM� QV[\ITTI\QWV� KW[\� QV� \PQ[� ZMOQWV� \W�

������� XMZ� \WV�� <PM� I^MZIOM� KW[\� QV�

\PQ[� ZMOQWV� NWZ� \ZILQ\QWVIT� ^MZ\QKIT�TWWX�

IVL�[Q`�XQXM�XMZ�\ZMVKP�PWZQbWV\IT�TWWX�

[a[\MU[� Q[� ������� XMZ� \WV� IVL� �������

XMZ�\WV��IKKWZLQVO�\W�\PM�7:64�.QVIT�

:MXWZ\�

7:64�_WZSML�_Q\P�+TQUI\M5I[\MZ�

\W� LM^MTWX� I� OZW]VL�[W]ZKM� QV\MOZI\ML�

PMI\� X]UX� \W� MTQUQVI\M� \PM� VMML� NWZ�

U]T\QXTM� PMI\� X]UX[�� <PM� /;�108� Q[�

][ML�NWZ�[XIKM�KWVLQ\QWVQVO��PMI\QVO�IVL�

KWWTQVO��IVL�_I\MZ�PMI\QVO���0W][M[�WVM�

IVL� \_W� _MZM� QVQ\QITTa� MY]QXXML� _Q\P�

+TQUI\M5I[\MZ� [\IVLIZL� OMW\PMZUIT�

PMI\�X]UX[�IVL�IN\MZ�I�aMIZ�WN �JI[MTQVM�

ZM[MIZKP�WV�\PM�WZQOQVIT�]VQ\[��\PMa�_MZM�

ZMXTIKML�_Q\P�\PM�/;�108��

+TQUI\M5I[\MZ� LWVI\ML� ITT� \PM�

PMI\� X]UX[� ][ML� QV� \PM� XZWRMK\��

+TQUI\M5I[\MZ� XZWL]K\� MVOQVMMZ��

;PI_V�0MZV�[IQL�

¹7:64� \WWS�W]Z� K]ZZMV\�� PQOP�MVL�

[\IVLIZL� PMI\� X]UX� \W� OM\� I� JI[MTQVM�

_PQTM� _M� _MZM� [\QTT� _WZSQVO� WV� \PM�

QV\MOZI\ML� PMI\� X]UX�º� 0MZV� [IQL��

¹)N\MZ� _M� PIL� \PM� /;�108� QV[\ITTML�

IVL� Z]VVQVO��7:64�XZW^QLML�][�_Q\P�

V]UMZW][� NMMLJIKS� WV� XMZNWZUIVKM�

IVL�W\PMZ�Q[[]M[�\PI\�KW]TL�JM�QUXZW^ML�

]XWV�º

;UQ\P� IVL� )[[WKQI\M[� /MW\PMZUIT�

_I[� ZM[XWV[QJTM� NWZ� \PM� QV[\ITTI\QWV� WN �

\PM� OZW]VL�[W]ZKM� [a[\MU[�� 0W][M[�

WVM� IVL� \_W�_MZM� JW\P� ������ [Y]IZM�

NWW\� IVL� \PMa� [\IZ\ML�W]\�_Q\P� I� ��\WV�

_I\MZ�\W�IQZ�PMI\�X]UX�NWZ�PMI\QVO�IVL�

KWWTQVO� IVL� I� ����\WV� _I\MZ�\W�_I\MZ�

PMI\�X]UX�NWZ�_I\MZ�PMI\QVO��<PM�PMI\�

X]UX[� _MZM� TI\MZ� ZMXTIKML� _Q\P� \PM�

VM_Ta�LM[QOVML�/;�108[�

0W][M� WVM� IVL� \_W� JW\P� ][ML� \PM�

PWZQbWV\IT� TWWX� QV[\ITTI\QWV� UM\PWL�

_Q\P� \PZMM�NW]Z\P[�QVKP� XQXM�� PW][M�

WVM�][QVO��� ���NWW\�WN �XQXM�IVL�PW][M�

\_W�][QVO�������NWW\�WN �XQXM��<PM�TWWX�

Æ]QL� _I[� ��� XMZKMV\� XZWXaTMVM� OTaKWT�

About 100 feet of the six-pipe 
heat exchange loop was placed 
along the basement and the 
remaining loop was placed in 
utility or additional trenches. 
(Photo courtesy Piljae Im-ORNL)
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[WT]\QWV�� )JW]\� ���� NMM\� WN � \PM� TWWX�

_I[� XTIKML� ITWVO� \PM� JI[MUMV\� _ITT[�

IVL� \PM� ZMUIQVQVO� TWWX�_I[� XTIKML� QV�

ILLQ\QWVIT�\ZMVKPM[��)ZW]VL����XMZKMV\�

WN � \PM� M`KI^I\QWV[� ][ML� _MZM� ITZMILa�

ZMY]QZML�NWZ�KWV[\Z]K\QWV��IKKWZLQVO�\W�

7:64¼[�ÅVIT�ZMXWZ\��

0W][M� \PZMM� ][ML� \PM� ^MZ\QKIT� TWWX�

QV[\ITTI\QWV�UM\PWL�_Q\P�����NWW\�LMMX�

^MZ\QKIT�JWZMPWTM[��1\�_I[�MY]QXXML�_Q\P�

I� ��\WV�_I\MZ�\W�IQZ� PMI\� X]UX� IVL� I�

����\WV� _I\MZ�\W�_I\MZ� PMI\� X]UX��

0W][M�NW]Z�PIL�I���\WV�PQOP�MNÅKQMVKa�

IQZ�[W]ZKM�PMI\�X]UX�

<PM� ZM[MIZKP� LWVM� WV� J]QTLQVO�

MVMZOa�MNÅKQMV\� PWUM[� PI[� [PW_V�

QUUMLQI\M� ZM[]T\[�� ;KPIIL� PI[� ITZMILa�

JMO]V� ][QVO� \PM� MVMZOa�MNÅKQMV\�

J]QTLQVO� \MKPVQY]M[� \M[\ML� L]ZQVO�

\PM� B-*:)TTQIVKM� XZWRMK\� QV� \PMQZ�

ZM[QLMV\QIT�PWUM[�

¹<PM�XZWRMK\�\ZIV[NWZUML�W]Z�MV\QZM�

ZM[QLMV\QIT� J][QVM[[� TQVM�º�*IVVMZ� [IQL��

¹)TT�WN �W]Z�ZM[QLMV\QIT�XZWL]K\�WNNMZQVO[�

VW_�UMM\� WZ� M`KMML� 4M^MT� 111� -VMZOa�

;\IZ� [\IVLIZL[� IVL� IKPQM^M� 0-:;�

ZI\QVO[� QV� \PM� TW_� ��¼[�º� -VMZOa� ;\IZ�

IVL�0-:;�IZM�QVL][\Za�[\IVLIZL�ZI\QVO�

[a[\MU[� \PI\�UMI[]ZM� I�PWUM¼[� MVMZOa�

MNÅKQMVKa�

+TQUI\M5I[\MZ� PI[� QV\ZWL]KML� \PM�

<ZQTWOa� ;MZQM[� NZWU� \PM� /;�108� \PI\�

_I[� LM^MTWXML� NWZ� \PM� XZWRMK\�� <PM�

<ZQTWOa� ��� 9�5WLMT� _WV� \PM� PMI\QVO�

KI\MOWZa� WN � \PM� ����� )0:� -`XW�

1VVW^I\QWV� )_IZL[� IVL� OWTL� NWZ� \PM�

[MKWVL�aMIZ�QV�I�ZW_�I\�\PM������,MITMZ�

,M[QOV� )_IZL[�� <ZQTWOa� ��� 9�5WLM�

_I[� IT[W� ZMKMV\Ta� ZMKWOVQbML� _Q\P� I�

�����:�,�����)_IZL�

¹<PM� XZWL]K\� Q\[MTN � _I[� ÅZ[\�

IVVW]VKML�IJW]\� \PM�UQLLTM�WN �������

J]\� Q\�_I[V¼\�I^IQTIJTM�]V\QT� \PM�MVL�WN �

�����QV�TQUQ\ML�[]XXTa�º�0MZV�[IQL��¹;W�

NIZ�\PMa�PI^M�JMMV�_MTT�ZMKMQ^ML�º��

Editor’s Note: Oak Ridge National 

Laboratory is a multiprogram science and 

technology laboratory managed for the U.S. 

Department of  Energy by UT-Battelle, LLC.  

The research from the ZEBRAlliance project 

is available on their website under the heading 

“Whole-Building Integration Research” 

near the bottom of  the publication list found 

at http://web.ornl.gov/sci/ees/etsd/btric/

publications.shtml.

House 2 in the project was built 
using the OVF building envelope 
and the FHX system. 
(Photo courtesy Piljae Im-ORNL)
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