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1.  Renewable Fuels Module Introduction

Purpose of This Report

6JKU�TGRQTV�FQEWOGPVU�VJG�QDLGEVKXGU��CPCN[VKECN�CRRTQCEJ��CPF�FGUKIP�QH�VJG�0CVKQPCN�'PGTI[
/QFGNKPI�5[UVGO�
0'/5��4GPGYCDNG�(WGNU�/QFWNG�
4(/��CU�KV�TGNCVGU�VQ�VJG�RTQFWEVKQP�QH�VJG
#PPWCN�'PGTI[�1WVNQQM������
#'1����HQTGECUVU��6JG�TGRQTV�ECVCNQIWGU�CPF�FGUETKDGU�OQFGNKPI
CUUWORVKQPU��EQORWVCVKQPCN�OGVJQFQNQIKGU��FCVC�KPRWVU��CPF�RCTCOGVGT�GUVKOCVKQP�VGEJPKSWGU��#
PWODGT�QH�QHHNKPG�CPCN[UGU�WUGF�KP�NKGW�QH�4(/�OQFGNKPI�EQORQPGPVU�CTG�CNUQ�FGUETKDGF�

6JKU�FQEWOGPVCVKQP�TGRQTV�UGTXGU�VJTGG�RWTRQUGU��(KTUV��KV�KU�C�TGHGTGPEG�FQEWOGPV�HQT�OQFGN
CPCN[UVU��OQFGN�WUGTU��CPF�VJG�RWDNKE�KPVGTGUVGF�KP�VJG�EQPUVTWEVKQP�CPF�CRRNKECVKQP�QH�VJG�4(/�
5GEQPF��KV�OGGVU�VJG�NGICN�TGSWKTGOGPV�QH�VJG�'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP�
'+#��VQ�RTQXKFG
CFGSWCVG� FQEWOGPVCVKQP� KP� UWRRQTV� QH� KVU� OQFGNU� 
2WDNKE� .CY� �������� (GFGTCN� 'PGTI[
#FOKPKUVTCVKQP�#EV�QH�������5GEVKQP���
D�
�����(KPCNN[��UWEJ�FQEWOGPVCVKQP�HCEKNKVCVGU�EQPVKPWKV[
KP�'+#�OQFGN�FGXGNQROGPV�D[�RTQXKFKPI�KPHQTOCVKQP�UWHHKEKGPV�VQ�RGTHQTO�OQFGN�GPJCPEGOGPVU
CPF� FCVC� WRFCVGU� CU� RCTV� QH� '+#	U� QPIQKPI� OKUUKQP� VQ� RTQXKFG� CPCN[VKECN� CPF� HQTGECUVKPI
KPHQTOCVKQP�U[UVGOU�

(QT�#'1����VJG�4(/�YCU�OQFKHKGF�KP�VJTGG�RTKPEKRCN�YC[U��KPVTQFWEKPI�ECRKVCN�EQUV�GNCUVKEKVKGU
QH�UWRRN[�HQT�PGY�TGPGYCDNG�GPGTI[�VGEJPQNQIKGU���OQFKH[KPI�DKQOCUU�UWRRN[�EWTXGU��CPF�TGXKUKPI
CUUWORVKQPU�HQT�WUG�QH�NCPFHKNN�ICU�HTQO�OWPKEKRCN�UQNKF�YCUVG�
/59���+P�CFFKVKQP��VJG�4(/�YCU
OQFKHKGF� KP� IGPGTCN� VQ� CEEQOOQFCVG� RTQLGEVKQPU� DG[QPF� ����� VJTQWIJ� ������ 6YQ� UWRRN[
GNCUVKEKVKGU� YGTG� KPVTQFWEGF�� VJG� HKTUV� TGHNGEVKPI� UJQTV�VGTO� 
CPPWCN�� EQUV� KPETGCUGU� HTQO
OCPWHCEVWTKPI��UKVKPI��CPF�KPUVCNNCVKQP�DQVVNGPGEMU�KPEWTTGF�WPFGT�EQPFKVKQPU�QH�TCRKF�ITQYVJ��CPF
VJG�UGEQPF�TGHNGEVKPI�NQPIGT�VGTO�PCVWTCN�TGUQWTEG��VTCPUOKUUKQP�CPF�FKUVTKDWVKQP�WRITCFG��CPF
OCTMGV�NKOKVCVKQPU�KPETGCUKPI�EQUVU�CU�OQTG�CPF�OQTG�QH�VJG�QXGTCNN�TGUQWTEG�KU�WUGF��$KQOCUU
UWRRN[�EWTXGU�YGTG�CNUQ�OQFKHKGF��DCUKPI�HQTGUV�RTQFWEVU�UWRRNKGU�QP�RTQFWEVKQP�TCVJGT�VJCP�QP
KPXGPVQT[��CPF�GZRCPFKPI�GPGTI[�ETQR�GUVKOCVGU�VQ�KPENWFG�UVCVGU�YGUV�QH�VJG�/KUUKUUKRRK�4KXGT
WUKPI�KPHQTOCVKQP�FGXGNQRGF�D[�VJG�1CM�4KFIG�0CVKQPCN�.CDQTCVQT[��(KPCNN[��HQT�/59��UGXGTCN
CUUWORVKQPU�HQT�VJG�WUG�QH�NCPFHKNN�ICU�YGTG�TGXKUGF�CPF�GZVGPFGF�

Renewable Fuels Module Summary

6JG� 4(/� EQPUKUVU� QH� HKXG� CPCN[VKECN� UWDOQFWNGU� VJCV� TGRTGUGPV� OCLQT� TGPGYCDNG� GPGTI[
TGUQWTEGUGDKQOCUU��OWPKEKRCN�UQNKF�YCUVG�
/59���UQNCT�
VJGTOCN�CPF�RJQVQXQNVCKE���YKPF��CPF
IGQVJGTOCN�GPGTI[��

6JG�RWTRQUG�QH�VJG�4(/�KU�VQ�FGHKPG�VJG�VGEJPQNQIKECN��EQUV�CPF�TGUQWTEG�UK\G�EJCTCEVGTKUVKEU�QH
TGPGYCDNG�GPGTI[�VGEJPQNQIKGU��6JG[�CTG�RTQXKFGF�VQ�VJG�'NGEVTKEKV[�/CTMGV�/QFWNG�
'//��HQT
ITKF�EQPPGEVGF�GNGEVTKEKV[�ECRCEKV[�RNCPPKPI�FGEKUKQPU��6JG�EJCTCEVGTKUVKEU�KPENWFG�CXCKNCDNG�GPGTI[
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ECRCEKV[��ECRKVCN�EQUVU��HKZGF�QRGTCVKPI�EQUVU��XCTKCDNG�QRGTCVKPI�EQUVU��ECRCEKV[�HCEVQT��JGCV�TCVG�
EQPUVTWEVKQP�NGCF�VKOG��CPF�HWGN�RTQFWEV�RTKEG�

+ORNGOGPVGF�HQT�#PPWCN�'PGTI[�1WVNQQM������
#'1�����TGPGYCDNG�GPGTI[�VGEJPQNQI[�EQUV�CPF
RGTHQTOCPEG�EJCTCEVGTKUVKEU�YJKEJ�CTG�EQOOQP�VQ�CNN�GNGEVTKEKV[�IGPGTCVKPI�VGEJPQNQIKGU�CTG�KPRWV
FKTGEVN[�VQ�VJG�'//�XKC�VJG�KPRWV�HKNG�'%2&#6��(QT�EJCTCEVGTKUVKEU�YJKEJ�CTG�WPKSWG�VQ�URGEKHKE
TGPGYCDNG�GPGTI[�VGEJPQNQIKGU��URGEKHKE�HKNGU�CPF�UWDTQWVKPGU�CTG�WUGF��UWEJ�CU�HQT�TGUQWTEG�XCNWGU
HQT�VKOG�UNKEGU�HQT�KPVGTOKVVGPV�TGPGYCDNGU�

1VJGT�TGPGYCDNGU�OQFGNGF�GNUGYJGTG�KP�0'/5�KPENWFG�EQPXGPVKQPCN�J[FTQGNGEVTKE�
KP�VJG�'//��
DKQOCUU�KP�VJG�KPFWUVTKCN�UGEVQT��GVJCPQN�KP�VJG�2GVTQNGWO�/CTMGV�/QFWNG�
2//���YQQF�KP�VJG
TGUKFGPVKCN�UGEVQT��IGQVJGTOCN�JGCV�RWORU�KP�VJG�TGUKFGPVKCN�CPF�EQOOGTEKCN�UGEVQTU��CPF�UQNCT�JQV
YCVGT�JGCVKPI�KP�VJG�TGUKFGPVKCN�UGEVQT��+P�CFFKVKQP��VJGTG�CTG�UGXGTCN�CTGCU��RTKOCTKN[�PQPGNGEVTKE
CPF� QHH�ITKF� GNGEVTKE� CRRNKECVKQPU�� VJCV� CTG� PQV� TGRTGUGPVGF� KP� 0'/5�� 6JG[� KPENWFG� FKTGEV
CRRNKECVKQPU�QH�IGQVJGTOCN�JGCV��UGXGTCN�V[RGU�QH�UQNCT�VJGTOCN�WUG��CPF�QHH�ITKF�RJQVQXQNVCKEU��(QT
VJG�OQUV� RCTV�� VJG� GZRGEVGF� EQPVTKDWVKQPU� HTQO� VJGUG� UQWTEGU� CTG� EQPHKPGF� VQ� PKEJG�OCTMGV�
JQYGXGT��CU�VJGUG�OCTMGVU�FGXGNQR�KP�KORQTVCPEG�VJG[�YKNN�DG�CPCN[\GF�HQT�VJGKT�TGRTGUGPVCVKQP
KP�0'/5�

6JG�PWODGT�CPF�RWTRQUG�QH�VJG�CUUQEKCVGF�VGEJPQNQI[�CPF�EQUV�EJCTCEVGTKUVKEU�XCTKGU�HTQO�QPG
4(/�UWDOQFWNG�VQ�CPQVJGT�FGRGPFKPI�QP�VJG�OQFGNKPI�EQPVGZV��(QT�GZCORNG��TGPGYCDNG�TGUQWTEGU
UWEJ�CU�UQNCT��YKPF��CPF�IGQVJGTOCN�GPGTI[�CTG�PQV�HWGNU��TCVJGT��VJG[�CTG�KPRWVU�VQ�GNGEVTKEKV[�QT
JGCV�EQPXGTUKQP�RTQEGUUGU��%QPUGSWGPVN[��VJG�5QNCT��9KPF��CPF�)GQVJGTOCN�5WDOQFWNGU�FQ�PQV
RTQXKFG�HWGN�RTQFWEV�RTKEGU��#U�CPQVJGT�GZCORNG��VJG�/59�5WDOQFWNG	U�ECRKVCN�CPF�QRGTCVKPI
EQUV�EJCTCEVGTK\CVKQP�KU�WUGF�D[�VJG�'//�UQNGN[�VQ�JGNR�FGVGTOKPG�GNGEVTKEKV[�RTKEGU��7PNKMG�VJG
QVJGT�4(/�VGEJPQNQI[�EJCTCEVGTK\CVKQPU��VJG�/59�VQ�GPGTI[�HCEKNKV[�EJCTCEVGTK\CVKQP�KU�PQV�WUGF
VQ�EQORGVG�/59�GPGTI[�CICKPUV�QVJGT�GPGTI[�UQWTEGU��6JKU�OQFGNKPI�VTGCVOGPV�UVGOU�HTQO�VJG
CUUWORVKQP�VJCV�/59�GPGTI[��CU�C�D[RTQFWEV�QH�VJG�YCUVG�TGOQXCN�RTQEGUU��KU�HWNN[�WVKNK\GF�CU�KV
KU�RTQFWEGF�

%QUV� CPF� RGTHQTOCPEG� XCNWGU� HQT� 4(/� XCTKCDNGU� CTG� QHVGP� FGVGTOKPGF� D[� '+#IU� 1HHKEG� QH
+PVGITCVGF� #PCN[UKU� CPF� (QTGECUVKPI� 
1+#(��� +P� CFFKVKQP�� UGXGTCN� UQWTEGU� HQT� VJG� EQUV� CPF
RGTHQTOCPEG�EJCTCEVGTK\CVKQPU�YGTG�GZCOKPGF�HQT�WUG�KP�VJG�4(/��6JG�RTKOCT[�CFFKVKQPCN�UQWTEG
KU�VJG�'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG	U������6GEJPKECN�#UUGUUOGPV�)WKFG�
'24+�6#)���6JG
UQWTEGU�RTQXKFG�XCNWGU�HQT�ECRKVCN�EQUVU�
GZENWFKPI�VJG�EQPUVTWEVKQP�HKPCPEKPI�CPF�EQPVKPIGPE[
EQORQPGPVU��UKPEG�VJGUG�CTG�RTQXKFGF�KP�VJG�'//���HKZGF�CPF�XCTKCDNG�QRGTCVKQP���OCKPVGPCPEG

1�/��EQUVU��ECRCEKV[�HCEVQTU��CPF�EQPUVTWEVKQP�NGCF�VKOGU��#NN�EQUV�XCNWGU�CTG�EQPXGTVGF�VQ�����
FQNNCTU�

2TQXKFGF�DGNQY�CTG�UWOOCTKGU�QH� VJG�HKXG�4(/�UWDOQFWNGU� VJCV�CTG�WUGF�HQT�RTQFWEKPI� VJG
#'1���HQTGECUVU���VJG�/WPKEKRCN�5QNKF�9CUVG�5WDOQFWNG�
/59���VJG�9KPF�'PGTI[�5WDOQFWNG

9'5���VJG�5QNCT�'PGTI[�5WDOQFWNG�
51.'5���VJG�$KQOCUU�5WDOQFWNG��CPF�VJG�)GQVJGTOCN
'NGEVTKEKV[�5WDOQFWNG�
)'5���6JG�'//IU�TQNG�KP�FGHKPKPI�J[FTQRQYGT�FCVC�KU�CNUQ�FGUETKDGF��6JG
EJCRVGT�EQPENWFGU�YKVJ�KPHQTOCVKQP�QP�VJG�4(/�CTEJKXCN�RCEMCIG�CPF�'+#�RQKPV�QH�EQPVCEV�



6JG�PKPG�VKOG�UGIOGPVU�CTG�FGTKXGF�HTQO�VJTGG���JQWT�UGIOGPVU�QH�VJG�FC[�HQT�VJTGG�UGCUQPUGYKPVGT��UWOOGT�CPF�

QHH�RGCM�
URTKPI�HCNN�CXGTCIGF���6JG�FCVC�TGRTGUGPV�CXGTCIG�ECRCEKVKGU�DCUGF�QP�GORKTKECN�CPCN[UKU�
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Municipal Solid Waste Submodule (MSW)

6JG�/WPKEKRCN�5QNKF�9CUVG�5WDOQFWNG�RTQXKFGU�CPPWCN�RTQLGEVKQPU�QH�GPGTI[�RTQFWEGF�HTQO�VJG
KPEKPGTCVKQP� QH� OWPKEKRCN� UQNKF� YCUVG� 
/59�� CPF� GUVKOCVGU� QH� NCPFHKNN� ICU� ECRCEKVKGU�� 6JG
5WDOQFWNG�WUGU�VJG�SWCPVKV[�QH�/59�RTQFWEGF�
FGTKXGF�HTQO�CP�GEQPQOGVTKE�GSWCVKQP�VJCV�WUGU
)TQUU�&QOGUVKE�2TQFWEV�CPF�7�5��RQRWNCVKQP�CU�VJG�RTKPEKRCN�HQTGECUV�FTKXGTU���VJG�JGCVKPI�XCNWG
QH�C�RQWPF�QH�/59��CPF�UJCTGU�QH�/59�EQODWUVGF�HQT�GPGTI[�TGEQXGT[��+P�CFFKVKQP��VJG�NCPFHKNN
ICU�ECRCEKV[�KU�GUVKOCVGF�DCUGF�QP�TGRQTVGF�YCUVG�CPF�ICU�RTQFWEVKQP�FCVC�CPF�LWFIGOGPV�CDQWV
HWVWTG�VTGPFU��6JG�/59�5WDOQFWNG�UWRRNKGU�VJG�WVKNKV[�UGEVQT�
'//��YKVJ�ECRKVCN�CPF�QRGTCVKPI
EQUV�KPHQTOCVKQP��6JKU�EQUV�KPHQTOCVKQP�KU�QPN[�WUGF�D[�VJG�'//�VQ�ECNEWNCVG�GNGEVTKEKV[�RTKEGU�
/59�RTQFWEGF�RQYGT�KU�XKGYGF�CU�C�D[RTQFWEV�QH�C�EQOOWPKV[	U�YCUVG�FKURQUCN�CEVKXKVKGU�CPF
QPN[�UGEQPFCTKN[�CU�C�EQORGVKVKXG�CNVGTPCVKXG�VQ�QVJGT�HWGNU�HQT�GPGTI[�RTQFWEVKQP�

Wind Energy Submodule (WES)

6JG�9KPF�'PGTI[�5WDOQFWNG�
9'5��RTQLGEVU�VJG�CXCKNCDKNKV[�QH�YKPF�TGUQWTEGU�CU�YGNN�CU�VJG�EQUV
CPF�RGTHQTOCPEG�QH�YKPF�VWTDKPG�IGPGTCVQTU��6JKU�KPHQTOCVKQP�KU�RCUUGF�VQ�VJG�'//�UQ�VJCV�YKPF
VWTDKPGU�ECP�DG�DWKNV�CPF�FKURCVEJGF�KP�EQORGVKVKQP�YKVJ�QVJGT�GNGEVTKEKV[�IGPGTCVKPI�VGEJPQNQIKGU�
6JG�YKPF�VWTDKPG�FCVC�CTG�GZRTGUUGF�KP�VJG�HQTO�QH�GPGTI[�UWRRN[�EWTXGU��6JG�UWRRN[�EWTXGU
RTQXKFG�VJG�OCZKOWO�COQWPV�QH�VWTDKPG�IGPGTCVKPI�ECRCEKV[�VJCV�EQWNF�DG�KPUVCNNGF��IKXGP�VJG
CXCKNCDNG�NCPF�CTGC��CXGTCIG�YKPF�URGGF��CPF�ECRCEKV[�HCEVQT��6JGUG�XCTKCDNGU�CTG�RCUUGF�VQ�'//
KP�VJG�HQTO�QH�PKPG�VKOG�UGIOGPVU�YJKEJ�CTG�OCVEJGF�VQ�GNGEVTKEKV[�NQCF�EWTXGU�YKVJKP�'//��

Solar Submodule (SOLAR)

6YQ�UQNCT�VGEJPQNQIKGU�CTG�TGRTGUGPVGF�KP�0'/5��C���OGICYCVV�HKZGF�HNCV�RNCVG�EGPVTCN�UVCVKQP
RJQVQXQNVCKE�
28��WPKV��CPF�C�����OGICYCVV�EGPVTCN�TGEGKXGT�
RQYGT�VQYGT��UQNCT�VJGTOCN�
56�
WPKV��$QVJ�VGEJPQNQIKGU�CTG�ITKF�EQPPGEVGF��RTQXKFGF�D[�GNGEVTKE�WVKNKVKGU��UOCNN�RQYGT�RTQFWEGTU�
QT�KPFGRGPFGPV�RQYGT�RTQFWEGTU�

28�CPF�56�EQUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU�YJKEJ�CTG�FGHKPGF�EQPUKUVGPV�YKVJ�HQUUKN�CPF�QVJGT
EJCTCEVGTKUVKEU�TGUKFG�KP�'%2&#6��2GTHQTOCPEG�EJCTCEVGTKUVKEU�WPKSWG�VQ�VJGUG�VGEJPQNQIKGU�
UWEJ
CU�UGCUQP�CPF�TGIKQP�FGRGPFGPV�ECRCEKV[�HCEVQTU���JQYGXGT��CTG�RCUUGF�VQ�VJG�'//�XKC�VJG�UQNCT
UWDOQFWNG�51.#4�
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Biomass Submodule

6JG�$KQOCUU�5WDOQFWNG�HWTPKUJGU�EQUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU�HQT�C�DKQOCUU�DWTPKPI
GNGEVTKEKV[�IGPGTCVKPI�VGEJPQNQI[�VQ�VJG�'//��6JG�VGEJPQNQI[�OQFGNGF�HQT�VJG�#'1���KU�VJG
+PVGITCVGF�)CUKHKECVKQP�%QODKPGF�%[ENG� 
+)%%���6JG� UWDOQFWNG�WVKNK\GU� C� TGIKQPCN�DKQOCUU
UWRRN[�UEJGFWNG�HTQO�YJKEJ�VJG�DKQOCUU�HWGN�RTKEG�KU�FGVGTOKPGF��HWGN�RTKEGU�CTG�CFFGF�VQ�XCTKCDNG
QRGTCVKPI�EQUVU�UKPEG�VJGTG�CTG�PQ�HWGN�EQUVU�KP�VJG�UVTWEVWTG�QH�0'/5�HQT�TGPGYCDNG�HWGNU��6JG
DKQOCUU�UWRRN[�UEJGFWNG�KU�DCUGF�QP�VJG�CEEGUUKDKNKV[�QH�YQQF�TGUQWTEGU�D[�VJG�EQPUWOKPI�UGEVQTU
HTQO�GZKUVKPI�YQQF�CPF�YQQF�TGUKFWGU�CPF�GPGTI[�ETQRU�

Geothermal Electricity Submodule (GES)

6JG�RWTRQUG�QH�VJG�)'5�KU�VQ�OQFGN�EWTTGPV�CPF�HWVWTG�TGIKQPCN�UWRRN[��ECRKVCN�EQUV��CPF�QRGTCVKQP
CPF�OCKPVGPCPEG�EQUVU�QH�GNGEVTKE�IGPGTCVKPI�HCEKNKVKGU�WUKPI�J[FTQVJGTOCN�TGUQWTEGU�
JQV�YCVGT�CPF
UVGCO���6JGUG�TGUQWTEGU�CTG�NKOKVGF�VQ�VJG�VJTGG�YGUVGTP�'//�TGIKQPU����������CPF�����6JG�FCVC
CTG�CUUGODNGF�HTQO����UKVGU�KPHQTOCVKQP�YJKEJ�TGHNGEV�VJG�URGEKHKE�TGUQWTEG�EQPFKVKQPU�QH�VJCV
NQECVKQP��6JG�)'5�IGPGTCVGU�C�TGIKQPCN�TGUQWTEG�UWRRN[�EWTXG�HQT�IGQVJGTOCN�ECRCEKV[�EQPUKUVKPI
QH� VJG� ��� IGQVJGTOCN� UKVGU�� +V� VTWPECVGU� VJG� UWRRN[� EWTXG� DCUGF� QP� VJG� CXQKFGF� EQUV� HQT� VJG
EQPUVTWEVKQP�CPF�QRGTCVKQP�QH�PGY�TGIKQPCN�ECRCEKV[�CPF�RCUUGU�CXGTCIGF�EQUV�CPF�RGTHQTOCPEG
XCNWGU�QH�VJG�VTWPECVGF�UWRRN[�EWTXG�VQ�VJG�'//�

1H�VJG����IGQVJGTOCN�UKVGU�TGRTGUGPVGF�KP�VJG�)'5�����CTG�NQECVGF�KP�VJG�TGIKQPU���������CPF���
CPF� VYQ�CTG�*CYCKKCP� TGUQWTEG� UKVGU� 
TGIKQP������6JG� VYQ�*CYCKKCP� UKVGU��JQYGXGT�� CTG�PQV
EQPUKFGTGF�UKPEG�'//IU�ECRCEKV[�RNCPPKPI�FGEKUKQPU�CTG�NKOKVGF�VQ�TGIKQPU���VJTQWIJ����

Conventional Hydroelectric Plant Data

6JG�CUUKIPOGPV�QH�EQPXGPVKQPCN�J[FTQGNGEVTKE�RNCPV�FCVC�TGUKFGU�KP�VJG�'//��6JG�J[FTQGNGEVTKE
RQYGT�FCVC�TGRTGUGPV�TGRQTVGF�RNCPPGF�PGY�EQPXGPVKQPCN�J[FTQGNGEVTKE�RQYGT�ECRCEKV[�EQPPGEVGF
VQ� VJG� VTCPUOKUUKQP�ITKF��4GRQTVGF�RNCPU� CTG�QDVCKPGF� HTQO�CPPWCN�'+#�RQYGT�RNCPV� UWTXG[U

(QTOU�'+#������'+#������'+#�������*[FTQGNGEVTKE�RQYGT�FQGU�PQV�EQORGVG�YKVJ�QVJGT�RQYGT
VGEJPQNQIKGU�HQT�CFFKVKQPCN�WPRNCPPGF�ECRCEKV[�
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Representation of Short-Term Elasticity for the
Installation of New Technology

Rationale

$GIKPPKPI�YKVJ�VJG�#'1����VJG�0'/5�'NGEVTKEKV[�%CRCEKV[�2NCPPKPI�/QFWNG�
'%2��KPENWFGU�C
UJQTV�VGTO�GNCUVKEKV[�QH�UWRRN[�HQT�VJG�KPUVCNNCVKQP�QH�PGY�GNGEVTKEKV[�IGPGTCVKPI�VGEJPQNQIKGU��6JG
GNCUVKEKV[�TGHNGEVU�VJG�GZRGEVCVKQP�VJCV�TCRKF�GZRCPUKQPU�KP�VJG�UWRRN[�QH�KPUVCNNCVKQPU�WUKPI�PGY
IGPGTCVKPI� VGEJPQNQIKGU� YKNN� KPEWT� UJQTVCIGU� QH� ETKVKECN� KPRWV� TGUQWTEGU�� 5JQTVCIGU� TGHNGEV
OCPWHCEVWTKPI�DQVVNGPGEMU��5JQTVCIGU�CNUQ�TGRTGUGPV�NKOKVU�QP�KPHQTOCVKQP���UWEJ�CU�KFGPVKHKECVKQP
CPF� TGUQWTEG� CUUGUUOGPV� QH� URGEKHKE� UKVGUI� DKQOCUU�� IGQVJGTOCN�� UQNCT�� QT� YKPF� EQPFKVKQPU� �
DQVVNGPGEMU�KP�TGIWNCVKQP��NKEGPUKPI��CPF�RWDNKE�CRRTQXCN��CPF�EQPUVTCKPVU�KPEWTTGF�HTQO�UJQTVCIGU
QH�EQPUVTWEVKQP�CPF�QRGTCVKQP�RGTUQPPGN�CPF�GSWKROGPV�

6JGTGHQTG��HQT�#'1����7�5��IGPGTCVKPI�ECRCEKVKGU�QH�PGY�IGPGTCVKPI�VGEJPQNQIKGU�CTG�RGTOKVVGF
VQ�KPETGCUG�UWDUVCPVKCNN[�YKVJQWV�KPEWTTKPI�DQVVNGPGEM�EQUVU��DWV�CDQXG�UQOG�TCVG�QH�KPETGCUG�DGIKP
KPEWTTKPI�KPETGCUKPI�EQUVU��(QT�#'1����KP�CP[�HWVWTG�[GCT��7�5��ECRCEKV[�ECP�KPETGCUG����RGTEGPV
QXGT�VJG�RTGXKQWU�[GCTIU�VQVCN�YKVJQWV�CP[�KPETGCUG�KP�ECRKVCN�EQUVU��*QYGXGT��HQT�GXGT[���RGTEGPV
KPETGCUG�KP�ECRCEKV[�ITGCVGT�VJCP����RGTEGPV��ECRKVCN�EQUVU�CTG�CUUWOGF�VQ�KPETGCUG���RGTEGPV��$[
FGHKPKPI�VJG�VJTGUJQNF�CU�C�RGTEGPVCIG�QH�VJG�GZKUVKPI�KPUVCNNGF�ECRCEKV[��VJG�VJTGUJQNF�ETKVGTKQP�KU
F[PCOKE��VJCV�KU��VJG�CNNQYCDNG�COQWPV�QH�CEEGRVCDNG�PQ�EQUV�GUECNCVKQP�ECRCEKV[�ITQYVJ�KPETGCUGU
CU�VJG�QXGTCNN�TCVG�QH�ECRCEKV[�ITQYVJ�KPETGCUGU�

Methodology

6JG�UJQTV�VGTO�GNCUVKEKV[�TGRTGUGPVU�CFFKVKQPCN�ECRKVCN�EQUV�VJCV�CEEQWPVU�HQT�DQVVNGPGEM�RJGPQOGPC
KP�OCPWHCEVWTKPI��UCNGU�FKUVTKDWVKQP��UKVG�UGNGEVKQP��NKEGPUKPI��TGUQWTEG�RTGRCTCVKQP��CPF�KPUVCNNCVKQP
QH�PGY�GPGTI[�VGEJPQNQIKGU��

6JG�(QTVTCP�RTQITCO�ECNEWNCVKPI�VJG�UJQTV�VGTO�GNCUVKEKVKGU�TGUKFGU�KP�VJG�4(/�UWDOQFWNG��WUGT�
FGHKPGF�KPRWVU�TGUKFG�KP�VJG�4(/�FCVC�HKNG�KTGPFCV�L�ECNEWNCVGF�RTKEGU�CPF�SWCPVKVKGU�TGUWNVKPI�HTQO
VJG�GNCUVKEKV[�ECNEWNCVKQP�CTG�UWDOKVVGF�VQ�VJG�'%2�

6JG�TGRTGUGPVCVKQP�QH�VJG�UJQTV�VGTO�GNCUVKEKVKGU�KU�DCUGF�QP�RGTEGPVCIG�EJCPIG�QH�7�5��KPUVCNNGF
ECRCEKV[�QH�C�VGEJPQNQI[��+V�KU�GZRTGUUGF�D[�CP�GZRQPGPVKCN�EQUV�HWPEVKQP�VJCV�TGNCVGU�CP�KPETGCUG
KP�ECRCEKV[�GZEGGFKPI�C�ECRCEKV[�VJTGUJQNF�VQ�C�EQUV�OWNVKRNKGT��6JKU�HWPEVKQPCN�TGNCVKQP�ECP�DG
GZRTGUUGF�CU�

YJGTG�
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2 � ECRKVCN�EQUV�CUUQEKCVGF�YKVJ�ECRCEKV[�CFFKVKQP�QH�% KP�=��M9?�
GNCUV CFFKVKQP�

2 � EWTTGPV�ECRKVCN�EQUV�KP�=��M9?�
EWTTGPV

C � VJTGUJQNF�CDQXG�YJKEJ�GNCUVKEKV[�KU�CEVKXG��FGHKPGF�CU�RGTEGPV
VJTGU

KPETGCUG�DCUGF�QP�EWTTGPV�KPUVCNNGF�ECRCEKV[�
C � KPETGCUG�KP�ECRKVCN�EQUV�HQT�GXGT[�C �KPETGCUG�KP�ECRCEKV[��HCEVKQP�
� �

C � KPETGCUG�KP�ECRCEKV[��HTCEVKQP�
�

% � ECRCEKV[�CFFKVKQPU�KP�=/9?�
CFFKVKQP

% � EWTTGPV�ECRCEKV[�KP�=/9?�
EWTTGPV

C � DKPCT[�UYKVEJ�RCTCOGVGT�=���?�KU�FGHKPGF�CU�
Q

(QT�#'1����GXGT[���RGTEGPV�PCVKQPCN�KPETGCUG�KP�ECRCEKV[�QXGT�C�ECRCEKV[�VJTGUJQNF��KPEWTU�C
��RGTEGPV�KPETGCUG�KP�ECRKVCN�EQUV��6JG�ECRCEKV[�VJTGUJQNF�KU�EWTTGPVN[�UGV�VQ����RGTEGPV�QH�EWTTGPV
KPUVCNNGF�ECRCEKV[��0Q�EJCPIGU�KP�EQUV�CTG�KPEWTTGF�HQT�CPPWCN�ECRCEKV[�CFFKVKQPU�VJCV�CTG����RGTEGPV
QT�NGUU�VJCP�KPUVCNNGF�ECRCEKV[��$[�FGHKPKPI�VJG�VJTGUJQNF�CU�C�RGTEGPVCIG�QH�VJG�KPUVCNNGF�ECRCEKV[�
VJG�VJTGUJQNF�ETKVGTKQP�KU�F[PCOKE��K�G��VJG�CDUQNWVG�ECRCEKV[�KP�=/9?�KU�KPETGCUKPI�YKVJ�CU�VJG
OQFGN�DWKNFU�C�TGPGYCDNG�VGEJPQNQI[�

%WTTGPVN[��VJG�RCTCOGVGTU�CTG�URGEKHKGF�CU�

C � ����
VJTGU

C � ����
�

C � �����
�

GZRTGUUKPI�VJG�HQNNQYKPI�TGNCVKQP��

6JG�EQUV�GNCUVKEKV[�TGNCVKQP�QH�GSWCVKQP�
���KU�FKXKFGF�KPVQ�VJTGG�FKUVKPEV�RQKPVU�VJCV�TGRTGUGPV�VJG
EJCTCEVGTKUVKEU�QH� VJG�GSWCVKQP��6JG�EQUV� GNCUVKEKVKGU� CTG�WUGF� VQ� GUVCDNKUJ�C� VJTGG� UVGR� UWRRN[
TGNCVKQP�HQT�VJG�KPUVCNNCVKQP�QH�TGPGYCDNG�GPGTI[�VGEJPQNQI[�KP�VJG�'NGEVTKEKV[�%CRCEKV[�2NCPPKPI

'%2��/QFWNG��#�VJTGG�UVGR�UWRRN[�TGNCVKQP�YCU�EJQUGP�CU�C�RTCEVKECN�QRVKOWO�VJCV�CEJKGXGF�C
DCNCPEG�DGVYGGP�VJG�CEEWTCVG�CRRTQZKOCVKQP�QH�VJG�EJCTCEVGTKUVKEU�QH�VJG�GNCUVKEKV[�HWPEVKQP�CPF�VJG
PGGF�VQ�NKOKV�VJG�PWODGT�QH�PGY�FGEKUKQP�XCTKCDNGU�KP�VJG�'%2�

2CUUGF�VQ�VJG�'%2�CTG�VJTGG�UWRRN[�UVGRU�HQT�GCEJ�TGPGYCDNG�GPGTI[�VGEJPQNQI[��#�UWRRN[�UVGR�KU
FGHKPGF�D[�C�EQUV�OWNVKRNKGT�
K�G��VJG�EQUV�GNCUVKEKV[��CPF�VJG�EQTTGURQPFKPI�ECRCEKV[�HQT�YJKEJ�VJG
EQUV�OWNVKRNKGT�KU�XCNKF��6JG�'%2�KPEQTRQTCVGU�VJG�UWRRN[�UVGRU�KP�KVU�.2�HTCOGYQTM�

6Q�TGRTGUGPV�VJG�GPVKTG�UWRRN[�EWTXG�D[�VJTGG�FKUVKPEV�UVGRU��VJG�HQNNQYKPI�OGVJQF�YCU�WUGF�
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Figure 1. Repr esentat ion of Capital Cost Supply Function

Short-term Elasticities


�� 6JG�UWRRN[�EWTXG�OWUV�DG�VTWPECVGF�VQ�RTGUGPV�VJG�'%2�YKVJ�VJG�DGUV�FGITGG�QH�TGUQNWVKQP
HQT�C�TGNGXCPV�ECRCEKV[�CFFKVKQP�TCPIG��6JG�VTWPECVKQP�QH�VJG�UWRRN[�EWTXG�KU�URGEKHKGF�D[
VJG�WUGT��6JG�VTWPECVKQP�KU�HQTOWNCVGF�CU�C�PQTOCNK\GF�ECRCEKV[�CFFKVKQP�DCUGF�QP�VJG
KPUVCNNGF�VQVCN�PCVKQPCN�ECRCEKV[�QH�C�VGEJPQNQI[��%WTTGPVN[�VJG�UWRRN[�EWTXG�KU�NKOKVGF�VQ
C�XCNWG�QH���VKOGU�VJG�EWTTGPV�QP�NKPG�ECRCEKV[�


�� 6JG� HKTUV� RQKPV� QP� VJG� UWRRN[� EWTXG� KU� FGHKPGF� D[� VJG� VJTGUJQNF� ECRCEKV[� CFFKVKQP

���RGTEGPV�QH�VJG�EWTTGPV�ECRCEKV[��YKVJ�C�EQUV�OWNVKRNKGT�QH�WPKV[�


�� 6JG� UGEQPF� CPF� VJKTF� RQKPVU� NKPGCTN[� CRRTQZKOCVG� VJG� NQI� NKPGCT� UWRRN[� EWTXG� QH
GSWCVKQP�
�����
(KIWTG����

6JG�FGHKPKVKQP�QH�VJG�VJTGG�UWRRN[�UVGRU�KU�WUGT�FGHKPGF��6JG�UVGRU�ECP�DG�URGEKHKGF�KP�VJG�4(/
KPRWV�HKNG�HTGPFCVI�
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Representation of Resource-Related Elasticity for the
Installation of New Technology

Rationale

(QT�#'1����ECRKVCN�EQUVU�HQT�IGPGTCVKPI�VGEJPQNQIKGU�WUKPI�DKQOCUU�QT�YKPF�TGUQWTEGU�CTG�CUUWOGF
VQ�KPETGCUG�CU�C�HWPEVKQP�QH�GZJCWUVKQP�QH�OQUV�HCXQTCDNG�DKQOCUU�QT�YKPF�TGUQWTEGU��+P�IGPGTCN�
ECRKVCN�EQUVU�CTG�CUUWOGF�VQ�KPETGCUG�DGECWUG�QH�CP[�QT�CNN�QH�VJTGG�DTQCF�EQPFKVKQPU��
���PGEGUUKV[
QH�WUKPI�NGUU�HCXQTCDNG�PCVWTCN�TGUQWTEGU��
���KPETGCUKPI�EQUVU�QH�WRITCFKPI�GZKUVKPI�FKUVTKDWVKQP
CPF�VTCPUOKUUKQP�PGVYQTMU���UGRCTCVG�HTQO�EQUVU�QH�DWKNFKPI�CP�KPVGTEQPPGEVKQP��CPF�
���KPETGCUKPI
EQUVU� EQORGVKPI� HQT� QVJGT� WUGU� QH� VJG� TGUQWTEG�� KPENWFKPI� KPETGCUKPI� EQUVU� KP� OGGVKPI
GPXKTQPOGPVCN�EQPEGTPU��

#U�C�TGUWNV��HQT�#'1����GCEJ�'//�TGIKQPIU�VQVCN�DKQOCUU�CPF�YKPF�TGUQWTEGU�CTG�RCTEGNGF�COQPI
VJTGG�DTQCF�TCPIGU��KPENWFKPI�CP�KPKVKCN�TGUQWTEG�UJCTG�KPEWTTKPI�PQ�ECRKVCN�EQUV�RGPCNV[��C�UGEQPF
UJCTG�HQT�YJKEJ�ECRKVCN�EQUVU�CTG�CUUWOGF�VQ�KPETGCUG����VQ����RGTEGPV��CPF�C�HKPCN�UJCTG�
CNN
TGOCKPKPI�TGUQWTEGU��HQT�YJKEJ�ECRKVCN�EQUVU�KPETGCUG���������RGTEGPV�QXGT�KPKVKCN�EQUV��4GUQWTEG
RTQRQTVKQPU�XCT[�D[�VGEJPQNQI[�CPF�TGIKQP�

Methodology

6JG�TGUQWTEG�TGNCVGF�GNCUVKEKV[�CEEQWPVU�HQT�VJG�CFFKVKQPCN�ECRKVCN�EQUVU�VJCV�CTG�PQV�TGHNGEVGF�KP�VJG
4(/�EQUV�EJCTCEVGTK\CVKQPU��'+#�DGPEJOCTMGF�VJG�GUVKOCVGU�QH� VJG�GNCUVKEKVKGU�WUKPI�TGIKQPCN
TGPGYCDNG�GPGTI[�OCTMGV�CPF�TGUQWTEG�CUUGUUOGPVU�
TGHGTGPEG��0QTVJYGUV�2QYGT�2NCPPKPI�%QWPEKN
UVWF[��CPF�%'%���

$GECWUG�QH�VJG�TGIKQPCN�FKHHGTGPEGU�QH�VJG�TGUQWTEG�CNNQECVKQPU�CPF�CXCKNCDKNKV[��VJG�TGUQWTEG�TGNCVGF
GNCUVKEKV[�KU�FGHKPGF�D[�TGIKQPU�CPF�HQTOWNCVGF�CU�C�EQUV�OWNVKRNKGT��%QPUKUVGPV�YKVJ�VJG�UJQTV�VGTO
GNCUVKEKV[�� C� UVGR� HWPEVKQP� YKVJ� VJTGG� UVGRU� YCU� HQTOWNCVGF� VQ� DG� CDNG� VQ� UWRGTKORQUG� DQVJ
GNCUVKEKVKGU�VQ�QPG�EQODKPGF�TGRTGUGPVCVKQP�QH�EQUV�GNCUVKEKVKGU�
(KIWTG����

6JG�UVGR�HWPEVKQP�KU�PQTOCNK\GF�D[�VJG�VQVCN�CXCKNCDNG�TGUQWTEG�KP�=/9?�HQT�C�VGEJPQNQI[�KP�VJG
EWTTGPV�[GCT�CPF�TGIKQP��6JG�WUGT�URGEKHKGU�VJG�UVGR�HWPEVKQP�KP�VJG�KPRWV�FCVC�HKNG�HTGPFCVI��

6JG�(QTVTCP�RTQITCO�ECNEWNCVKPI�VJG�TGUQWTEG�TGNCVGF�GNCUVKEKVKGU�TGUKFGU�KP�VJG�4(/�UWDOQFWNG�
WUGT�FGHKPGF�KPRWVU�TGUKFG�KP�VJG�4(/�FCVC�HKNG�KTGPFCV�L�ECNEWNCVGF�RTKEGU�CPF�SWCPVKVKGU�TGUWNVKPI
HTQO�VJG�GNCUVKEKV[�ECNEWNCVKQP�CTG�UWDOKVVGF�VQ�VJG�'%2�

'CEJ�[GCT��VJG�4(/�FGVGTOKPGU�VJG�EQODKPGF�KPUVCNNGF�CPF�RNCPPGF�ECRCEKV[�HQT�GCEJ�TGIKQP�CPF
VGEJPQNQI[��ECNEWNCVGU�VJG�VQVCN�CXCKNCDNG�TGUQWTEG�TGOCKPKPI��CPF�FGVGTOKPGU�VJG�EQUV�OWNVKRNKGT
CUUQEKCVGF�YKVJ�C�RCTVKEWNCT�UVGR�KP�VJG�GNCUVKEKV[�HWPEVKQP�
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Resource Elasticities for Biomass EMM Region 11

Figure 2. Typical Resour ce-related Cost Elasticity for the Biomass Tec hnology in
Region 11 (North west)

Archival Media

6JG�4(/�KU�CTEJKXGF�CU�RCTV�QH�VJG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO�RTQFWEVKQP�TWPU�

Model Contact

6JQOCU�2GVGTUKM��'EQPQOKUV
%QCN��7TCPKWO��CPF�4GPGYCDNG�(WGNU�#PCN[UKU�$TCPEJ�
'PGTI[�5WRRN[�CPF�%QPXGTUKQP�&KXKUKQP�
'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP�
�����+PFGRGPFGPEG�#XG���59
9CUJKPIVQP��&%������
2JQPG���
�������������

Report Organization

5WDUGSWGPV�EJCRVGTU�QH�VJKU�TGRQTV�RTQXKFG�FGVCKNGF�FQEWOGPVCVKQP�QH�GCEJ�QH�VJG�4(/	U�HKXG
YQTMKPI�UWDOQFWNGU��'CEJ�EJCRVGT�EQPVCKPU�VJG�HQNNQYKPI�UGEVKQPU�
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���� /QFGN�2WTRQUGGC�UWOOCTK\CVKQP�QH�VJG�UWDOQFWNG	U�QDLGEVKXGU��FGVCKNKPI�KPRWV�CPF�QWVRWV
SWCPVKVKGU��CPF�VJG�TGNCVKQPUJKR�QH�VJG�UWDOQFWNG�VQ�QVJGT�0'/5�OQFWNGU

���� /QFGN�4CVKQPCNGGC�FKUEWUUKQP�QH�VJG�UWDOQFWNG	U�FGUKIP�TCVKQPCNG��KPENWFKPI�KPUKIJVU�KPVQ
CUUWORVKQPU� WVKNK\GF� KP� VJG� OQFGN� FGXGNQROGPV� RTQEGUU�� CPF� CNVGTPCVKXG� OQFGNKPI
OGVJQFQNQIKGU�EQPUKFGTGF�FWTKPI�UWDOQFWNG�FGXGNQROGPV�RJCUG

���� /QFGN�5VTWEVWTGGCP�QWVNKPG�QH�VJG�OQFGN�UVTWEVWTG��WUKPI�VGZV�CPF�ITCRJKEU�VQ�KNNWUVTCVG
VJG�OCLQT�OQFGN�FCVC�HNQYU�CPF�MG[�EQORWVCVKQPU

���� #RRGPFKEGUGUWRRQTVKPI� FQEWOGPVCVKQP� HQT� KPRWV� FCVC� CPF� RCTCOGVGT� HKNGU� EWTTGPVN[
TGUKFKPI�QP�VJG�'+#�OCKPHTCOG�EQORWVGT��#RRGPFKZ�#�KP�GCEJ�4(/�UWDOQFWNG�EJCRVGT
NKUVU�CPF�FGHKPGU�VJG�KPRWV�FCVC�WUGF�VQ�IGPGTCVG�RCTCOGVGTU�CPF�GPFQIGPQWU�HQTGECUVU�
#RRGPFKZ�$�EQPVCKPU�C�OCVJGOCVKECN�FGUETKRVKQP�QH�VJG�EQORWVCVKQP�CNIQTKVJOU��KPENWFKPI
OQFGN�GSWCVKQPU�CPF�XCTKCDNG�VTCPUHQTOCVKQPU��#RRGPFKZ�%�KU�C�DKDNKQITCRJ[�QH�TGHGTGPEG
OCVGTKCNU� WUGF� KP� VJG� OQFGN� FGXGNQROGPV� RTQEGUU�� #RRGPFKZ� &� EQPUKUVU� QH� C� OQFGN
CDUVTCEV��#RRGPFKZ�'�FKUEWUUGU�FCVC�SWCNKV[�CPF�GUVKOCVKQP�OGVJQFU�
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2.  Municipal Solid Waste (MSW) Submodule

Model Purpose

6JG�OCKP�RWTRQUG�QH�VJG�/WPKEKRCN�5QNKF�9CUVG�
/59��5WDOQFWNG�KU�VQ�RTQXKFG�'//�YKVJ
CPPWCN�RTQLGEVKQPU�QH�GNGEVTKE�RQYGT�ECRCEKV[�QH�YCUVG�VQ�GPGTI[�RNCPVU�
96'��HQT�OWPKEKRCN�UQNKF
YCUVG�
/59���+V�CNUQ�HWTPKUJGU�VJG�EQUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKE�QH�C�IGPGTKE�KPEKPGTCVQT
VGEJPQNQI[�VQ�VJG�'//��6JG�UWDOQFWNG�WUGU�VJG�SWCPVKV[�QH�/59�RTQFWEGF��VJG�JGCVKPI�XCNWG
QH�/59��CPF�UJCTGU�QH�/59�EQODWUVGF�HQT�GPGTI[�TGEQXGT[�VQ�RTQFWEG�HQTGECUVU�QH�VJG�HWVWTG
GNGEVTKE�RQYGT�ECRCEKV[��#FFGF�VQ�VJKU�ECRCEKV[�RTQLGEVKQP�CTG�GUVKOCVGU�HQT�NCPFHKNN�ICU�ECRCEKV[�

Relationship of the MSW Submodule to Other Models

6JG�/59�UWDOQFWNG�RCUUGU�ECRCEKV[�GUVKOCVGU�CPF�EQUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU�QH�VJG
/59�KPEKPGTCVQT�VGEJPQNQI[�VQ�VJG�'//�HQT�ECRCEKV[�RNCPPKPI�FGEKUKQPU��$GIKPPKPI�YKVJ�#'1���
/59�EQUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU�YJKEJ�CTG�FGHKPGF�EQPUKUVGPV�YKVJ�HQUUKN�CPF�QVJGT
EJCTCEVGTKUVKEU�TGUKFG�KP�'//IU�KPRWV�HKNG�'%2&#6��%QUV�RCTCOGVGTU�UWEJ�CU�VKRRKPI�HGGU�CTG
GXCNWCVGF�KP�VJG�/59�CPF�EQPXGTVGF�KPVQ�C�XCTKCDNG�1�/�EQUV�HKIWTG�DGHQTG�KV�KU�RCUUGF�VQ�VJG
'//�

7PNKMG�CNN�QVJGT�UWDOQFWNGU�QH�VJG�4GPGYCDNG�(WGNU�/QFWNG��VJG�/59�5WDOQFWNG�FQGU�PQV
EQORGVG�YKVJ�CNVGTPCVKXG�GNGEVTKEKV[�IGPGTCVKPI�VGEJPQNQIKGU��4CVJGT��HQTGECUVGF�/59�GNGEVTKEKV[
RTQFWEVKQP�KU�CEEGRVGF�HWNN[�D[�VJG�'//�CPF�VJGTGHQTG�WUGF�VQ�TGFWEG�VJG�COQWPV�QH�GNGEVTKEKV[
FGOCPF�VJCV�OWUV�DG�UCVKUHKGF�D[�CNN�QVJGT�UWRRN[�UQWTEGU��6JKU�VTGCVOGPV�QH�/59�GNGEVTKEKV[
RTQFWEVKQP� KP�0'/5� UVGOU� HTQO�/59�GPGTI[� DGKPI� XKGYGF� RTKOCTKN[� CU� C� D[RTQFWEV� QH� C
EQOOWPKV[	U�YCUVG�FKURQUCN�CEVKXKVKGU�TCVJGT�VJCP�C�EQORGVKVKXG�CNVGTPCVKXG�VQ�QVJGT�HWGNU�

6JG�QPN[�KPVGTHCEG�HTQO�QVJGT�0'/5�OQFWNGU�CTG��
���CPPWCN�TGCN�)TQUU�&QOGUVKE�2TQFWEV�
)&2�

���CPF�VJG�VQVCN�7�5��RQRWNCVKQP�RTQLGEVKQP��DQVJ�QH�YJKEJ�EQOG�HTQO�VJG�0'/5�/CETQGEQPQOKE
#EVKXKV[�/QFWNG�
/#/��

Modeling Rationale

Theoretical Approach

6JG�OQFGNKPI�OGVJQFQNQI[�GORNQ[U�C�UKORNG�NKPGCT�/59�UWRRN[�HWPEVKQP�CPF�OWNVKRNKECVKXG
GPGTI[�CNNQECVKQP�UJCTGU�HQT�FGTKXKPI�FKUCIITGICVGF�/59�GNGEVTKEKV[�RTQFWEVKQP�HQTGECUVU��6JG
OGVJQFQNQI[�EQPUKUVU�QH�HQWT�OCLQT�UVGRU��(KTUV��VJG�VQVCN�SWCPVKV[�QH�/59�KP�VJG�7PKVGF�5VCVGU
KU�RTQLGEVGF�WUKPI�C�OWNVKXCTKCVG�TGITGUUKQP�GUVKOCVKQP�VQ�FGTKXG�RCTCOGVGTU�HQT�VJG�/59�UWRRN[
GSWCVKQP�
CP�CFF�HCEVQT�TGRTGUGPVKPI�VJG�KORCEV�QH�/59�UQWTEG�TGFWEVKQP�KU�CNUQ�KPENWFGF�KP�VJG
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GSWCVKQP���5GEQPF��VJG�EWTTGPV�CPF�HWVWTG�JGCV�XCNWG�QH�C�V[RKECN�RQWPF�QH�/59�KU�CUUGUUGF�HQT
GUVKOCVKPI�VJG�RQVGPVKCN�SWCPVKV[�QH�GPGTI[�VJCV�ECP�DG�RTQFWEGF�HTQO�EQODWUVKPI�/59��6JKTF�
GUVKOCVGU�QH�VJG�VQVCN�7�5��ECRCEKV[�VQ�DWTP�/59�YKVJ�JGCV�TGEQXGT[�CTG�QDVCKPGF�WUKPI�CPCN[UV
LWFIGOGPV�QH�HCEVQTU�CHHGEVKPI�EQOOWPKV[�CRRTQXCN�CPF�KPXGUVOGPVU�KP�96'�HCEKNKVKGU��(QWTVJ�
TGIKQPCN�RTQLGEVKQPU�QH�GPGTI[�HTQO�/59�EQODWUVKQP�CTG�QDVCKPGF�D[�OWNVKRN[KPI�VQIGVJGT�/59
SWCPVKVKGU��$VW�JGCVKPI�XCNWGU��RGTEGPVCIGU�QH�/59�EQODWUVGF��CPF�UGEVQTCN�GPGTI[�CNNQECVKQP
UJCTGU�DCUGF�QP�TGIKQPCN�RQRWNCVKQP�FKUVTKDWVKQPU��(KPCNN[��TGIKQPCN�NCPFHKNN�ICU�ECRCEKV[�GUVKOCVGU
CTG�CFFGF�VQ�VJG�ECRCEKV[�RTQLGEVKQP�HQT�/59�EQODWUVKQP�

$GECWUG�QH�VJG�D[RTQFWEV�PCVWTG�QH�/59�GPGTI[��VJG�TGNCVKXGN[�UOCNN�SWCPVKV[�QH�/59�KP�VJG
7�5��GPGTI[�OKZ��CPF�VJG�EQORNGZKV[�QH�OQFGNKPI�VJG�OWPKEKRCN�96'�OCTMGV��C�UKORNG�OQFGNKPI
CRRTQCEJ�VJCV�GZENWFGU�VJG�EQPUKFGTCVKQP�QH�GPGTI[�FGOCPF��RTKEG��CPF�VGEJPQNQI[�KPXGUVOGPV
UKIPCNU�HTQO�QVJGT�0'/5�OQFWNGU�YCU�UGNGEVGF��1PG�QH�VJG�OCLQT�NKOKVCVKQPU�QH�VJKU�CRRTQCEJ�KU
VJCV�VJGTG�CTG�PQ�GEQPQOKE�QT�HKPCPEKCN�NKPMU�HQT�FGVGTOKPKPI�MG[�RCTCOGVGTU��GURGEKCNN[�VJG�UJCTG
QH�/59�EQODWUVGF�CPF�VJG�TGIKQPCN�FKUVTKDWVKQP�QH�96'�GPGTI[�ECRCEKV[�

Fundamental Assumptions

MSW Quantity Projections

6JG�FGHKPKVKQP�QH�/59�HQT�VJG�KPKVKCN�TGITGUUKQP�KP�VJG�/59�5WDOQFWNG�KU�EQPUKUVGPV�YKVJ�VJCV
WUGF�D[�VJG�'PXKTQPOGPVCN�2TQVGEVKQP�#IGPE[�
'2#��CPF�FGHKPGF�KP�5WDVKVNG�&�QH�VJG�4GUQWTEG
%QPUGTXCVKQP�CPF�4GEQXGT[�#EV�� +P� VJKU�FGHKPKVKQP��OWPKEKRCN� UQNKF�YCUVG� KPENWFGU�FKUECTFGF
FWTCDNG�IQQFU��PQPFWTCDNG�IQQFU��EQPVCKPGTU�CPF�RCEMCIKPI��HQQF�YCUVGU��CPF�[CTF�VTKOOKPIU
HTQO�VJG�TGUKFGPVKCN��EQOOGTEKCN��KPUVKVWVKQPCN��CPF�KPFWUVTKCN�UGEVQTU��6JG�'2#�FGHKPKVKQP�QH�/59
FQGU�PQV�KPENWFG�GXGT[VJKPI�VJCV�OKIJV�DG�NCPFHKNNGF�KP�5WDVKVNG�&�NCPFHKNNU�QT�DWTPGF��UWEJ�CU
OWPKEKRCN�UNWFIG��PQPJC\CTFQWU�KPFWUVTKCN�YCUVGU��EQPUVTWEVKQP�CPF�FGOQNKVKQP�YCUVGU��WTDCP�YQQF
YCUVG�CPF�VKTGU��6JGUG�YCUVGU�CTG�QHVGP�FKURQUGF�CNQPIUKFG�VJQUG�YCUVGU�HQTOCNN[�FGHKPGF�CU�/59�
6Q�ECRVWTG�VJGUG�QVJGT�OCVGTKCNU�CU�RCTV�QH�VJG�RTQLGEVKQPU��VJG�'2#�GUVKOCVGU�
(TCPMNKP������
YGTG�EQORCTGF�VQ�VJG�JKIJGT�SWCPVKVKGU�TGRQTVGF�KP�VJG�CPPWCN�$KQE[ENG�UWTXG[�
$KQE[ENG��������
6JG�CXGTCIG�FKHHGTGPEG�DGVYGGP�VJG�'2#�CPF�$KQE[ENG�XCNWGU�HQT�JKUVQTKECN�[GCTU�YCU�WUGF�CU�C
OWNVKRNKECVKXG� CFLWUVOGPV� HCEVQT� CRRNKGF� VQ� VJG� TGITGUUKQP� TGUWNVU�� +P� GHHGEV� KV� TGRTGUGPVU� VJG
FKHHGTGPEG�DGVYGGP�C�ECNEWNCVGF�XCNWG�CPF�VJG�OQTG�GORKTKECN�XCNWG�RTGUGPVGF�D[�VJG�UWTXG[��6JGUG
UCOG�XCNWGU�HQT�VQVCN�/59�CTG�CNUQ�WUGF�KP�GUVKOCVKPI�NCPFHKNN�ICU�WUG��FKUEWUUGF�NCVGT�KP�VJKU
UGEVKQP�

Projected Btu Value of MSW

6JG�$VW�XCNWG�QH�C�V[RKECN�RQWPF�QH�/59�KU�EJCPIKPI�TCRKFN[�KP�TGURQPUG�VQ�EJCPIGU�KP�VJG�WUCIG
CPF� FKURQUCN� QH� URGEKHKE�OCVGTKCNU��%WTNGG� 
������ RTQXKFGU� KPHQTOCVKQP� QP� VJG� JKUVQTKECN� CPF
RTQLGEVGF�EQORQUKVKQP�QH�/59�KP� VGTOU�QH� VJG�YCUVG� UVTGCO	U�OCVGTKCN� EQORQUKVKQP�� +P� VJKU
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GUVKOCVG��VJG�$VW�XCNWG�QH�QPG�RQWPF�QH�/59�JCU�KPETGCUGF�HTQO�CDQWV�������$VW�KP������VQ
CDQWV�������$VW�KP������

6JGTG� CTG� PWOGTQWU� HCEVQTU� VJCV� KPHNWGPEG� VJG�$VW�XCNWG�QH� EQODWUVGF�/59��(QT�GZCORNG�
OCTMGVKPI�GHHQTVU�JCXG�DGGP�TGURQPUKDNG�HQT�VJG�ITCFWCN�TGRNCEGOGPV�QH�INCUU�CPF�UQOG�OGVCN�YKVJ
RNCUVKE��GURGEKCNN[�HQT�EQPVCKPGTU��2CTVKCNN[�EQWPVGTCEVKPI�VJGUG�OCTMGVKPI�GHHQTVU�CTG�TGUVTKEVKQPU
VJCV�JCXG�DGGP�UWEEGUUHWNN[�KORNGOGPVGF�KP�UQOG�5VCVGU�VQ�NKOKV�VJG�WUCIG�QH�RNCUVKEU�KP�UGNGEVGF
RCEMCIKPI��/CP[�EQOOWPKVKGU�TGSWKTG�VJCV�[CTF�YCUVG�
YJKEJ�JCU�C�NQY�GPGTI[�EQPVGPV��VQ�DG
EQNNGEVGF�UGRCTCVGN[�HTQO�QVJGT�YCUVGU�CPF�EQORQUVGF�TCVJGT�VJCP�DWTPGF�QT�NCPFHKNNGF��1VJGT
EQOOWPKVKGU�UKORN[�TGUVTKEV�JQWUGJQNFU�HTQO�FKURQUKPI�QH�VJGKT�[CTF�YCUVG�CNQPI�YKVJ�QVJGT�/59�
6JG�PWODGT�QH�EWTDUKFG�TGE[ENKPI�RTQITCOU�KU� KPETGCUKPI��CPF�OQUV�EQNNGEV�CPF�TGE[ENG�DQVJ
RNCUVKEU�CPF�RCRGT�
VJG�JKIJGUV�$VW�EQORQPGPVU�QH�VJG�YCUVG�UVTGCO���CPF�INCUU�CPF�OGVCNU�
HTQO
YJKEJ�PQ�ECNQTKE�XCNWG�ECP�DG�GZVTCEVGF��

%QODKPKPI� '2#� RTQLGEVKQPU� QH� VJKU� EJCPIKPI� /59� OKZ� YKVJ� VJG� JGCV� EQPVGPV� QH� YCUVG
EQORQPGPVU��%WTNGG�RTQLGEVU�C�VQVCN�JGCV�EQPVGPV�HQT�/59�QH�������$VW�RGT�RQWPF�QH�YCUVG�KP�VJG
[GCT�������+V�YCU�CUUWOGF�D[�'+#�VJCV��RQUV�������VJG�JGCV�EQPVGPV�YQWNF�KPETGCUG�VQ�������$VW
D[� [GCT� ������ DCUGF� QP� VJG� GZRGEVCVKQP� VJCV� EQPVKPWGF� TGOQXCN� QH� NQY�$VW� YCUVG� UVTGCO
EQORQPGPVU�
OGVCN��INCUU��CPF�[CTF�YCUVG��CPF�EQPVKPWGF�KPETGCUGU�QH�JKIJ�$VW�EQORQPGPVU�
RCRGT
CPF�RNCUVKE��YQWNF�QEEWT��+V�KU�PQV�DGNKGXGF�VJCV�VJG�TGNCVKQPUJKR�QH�)&2�VQ�VQPU�IGPGTCVGF�YKNN�DG
CHHGEVGF�D[�UWEJ�EJCPIGU�

Projected Percentage of MSW Combusted With Heat Recovery

2TQLGEVKQPU�QH�96'�OCTMGV�RGPGVTCVKQP��CPF�VJGTGHQTG�VJG�UJCTG�QH�IGPGTCVGF�OWPKEKRCN�YCUVG
EQODWUVGF��CTG�FKHHKEWNV�VQ�OCMG��2TQLGEVKQPU�HQT�VJG�PGCT�VGTOGK�G���VJG�PGZV���[GCTUGECP�DG
DCUGF�QP�GZKUVKPI�FCVC�QP�96'�RTQLGEVU�KP�VJG�RNCPPKPI�CPF�EQPUVTWEVKQP�RJCUGU��%QPUKFGTCVKQP
UJQWNF�DG�IKXGP�VQ�GZRGEVGF�WPKV�ECPEGNNCVKQPU��YJKEJ�JCXG�QEEWTTGF�OQTG�HTGSWGPVN[�KP�TGEGPV
[GCTU��6JG�OGVJQFQNQI[�CFQRVGF�HQT�VJG�/59�5WDOQFWNG�DG[QPF������CUUWOGF�VJCV�VJG�HTCEVKQPU
QH�/59�EQODWUVGF�HQT�GPGTI[�TGEQXGT[�TGOCKPGF�EQPUVCPV�VJTQWIJQWV�VJG�OQFGN�JQTK\QP�

Disaggregation Rules

0CVKQPCN�RTQLGEVKQPU�HQT�GPGTI[�HTQO�/59�CTG�FKUCIITGICVGF�KPVQ�TGIKQPCN�VQVCNU�CEEQTFKPI�VQ�VJG
IGQITCRJKECN� FKURGTUKQP� QH� EWTTGPV� CPF� RNCPPGF� 96'� HCEKNKVKGU�� +PHQTOCVKQP� WUGF� HQT
FKUCIITGICVKPI�/59� GPGTI[� EQOGU� HTQO� VJG� (QTO�'+#����� FCVC� HQT� PQPWVKNKV[� IGPGTCVQTU�
OQFKHKGF�CU�CRRTQRTKCVG�HQT�0'/5��6JKU�FCVCDCUG�RTQFWEV�KPENWFGU�KPHQTOCVKQP�QP�NQECVKQPU��V[RGU
QH�GPGTI[�RTQFWEGF��QYPGTUJKR�V[RG��GVE��HQT�CNN�GZKUVKPI�7�5��96'�HCEKNKVKGU��CU�YGNN�CU�VJQUG
DGKPI�RNCPPGF�

)KXGP�VJCV�PQ�FCVC�EWTTGPVN[�GZKUV�VQ�KPFKECVG�JQY�VJGUG�DTGCMFQYPU�OC[�EJCPIG�DG[QPF�������KV
KU�CUUWOGF�VJCV�VJG�RGTEGPVCIG�QH�VQVCN�96'�ECRCEKV[�CNNQECVGF�VQ�C�TGIKQP�TGOCKPU�EQPUVCPV�CHVGT



5EKGPEG�#RRNKECVKQPU� +PVGTPCVKQPCN�%QTRQTCVKQP��7RFCVGF�'UVKOCVGU�QH�/GVJCPG�'OKUUKQPU� HTQO�7�5��.CPFHKNNU��


/E.GCP��8#��,WPG�������

7PKVU�VJCV�CTG�FGFKECVGF�VQ�GNGEVTKEKV[�IGPGTCVKQP��QT�CTG�EQ�IGPGTCVQTU��EQPUVKVWVG�QXGT����RGTEGPV�QH�VJG�VQVCN�96'�

EQODWUVKQP�ECRCEKV[�
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������#FFKVKQPCN�TGUGCTEJ�KPVQ�TGIKQPCN�EJCTCEVGTKUVKEU�VJCV�EQWNF�KPHNWGPEG�VJG�UJCTGU��UWEJ�CU�NCPF
XCNWGU�QT�TGE[ENKPI�OCTMGVU��OC[�TGUWNV�KP�CP�KORTQXGF�CRRTQCEJ�HQT�FKUCIITGICVKQP�QH�RTQLGEVGF
PCVKQPCN�VQVCNU�

)GPGTCVKPI� ECRCEKV[� QH� VJG� /59� WPKVU� KU� ECNEWNCVGF� D[� FKXKFKPI� VJG� QWVRWV� D[� JGCV� TCVG�
EQODWUVKQP�ECRCEKV[�HCEVQT��CPF�[GCTN[�JQWTU��6JKU�SWCPVKV[�KU�GZRCPFGF�D[�CFFKPI�CP�COQWPV�HQT
ECRCEKV[�WVKNK\KPI�NCPFHKNN�ICU�CU�HWGN�DGHQTG�RCUUCIG�VQ�VJG�'//�

Landfill Gas Use

#U�RCTV�QH�CP�CPCN[UKU�QH�RQVGPVKCN�ITGGPJQWUG�ICU�GOKUUKQPU��'+#�JCU�FGXGNQRGF�CP�CRRTQCEJ�VQ
GUVKOCVKPI�OGVJCPG� GOKUUKQPU� HTQO�7�5�� NCPFHKNNU� � 6JKU� CRRTQCEJ�YCU� WUGF� CU� C� DCUKU� CPF�

GZRCPFGF�VQ�RTQFWEG�RTQLGEVKQPU�QH�IGPGTCVKPI�ECRCEKV[�YJKEJ�WUGU�C�RQTVKQP�QH�VJGUG�GOKUUKQPU�
6JG�RTQEGFWTG��QHH�NKPG�VQ�0'/5��KU�EQPVCKPGF�KP�C�URTGCFUJGGV�YJKEJ�CEEWOWNCVGU�GOKUUKQPU�HTQO
FKHHGTGPV�XKPVCIGU�QH�NCPFHKNNGF�YCUVG�

6JG�URTGCFUJGGV�YCU�GZRCPFGF�VQ�KPENWFG�RTQLGEVGF�XQNWOGU�QH�YCUVG�CPF�CP�GUVKOCVG�QH�VJG�UJCTG
VJCV� YKNN� DG� NCPFHKNNGF� 
EQPUKUVGPV� YKVJ� VJG� GUVKOCVGF� UJCTG� EQODWUVGF�� VQ� RTQXKFG� RTQLGEVGF
GOKUUKQPU��6JG�OGVJCPG�IGPGTCVGF�KU�ECNEWNCVGF�D[�EQODKPKPI�VJG�COQWPV�QH�NCPFHKNNGF�YCUVG�YKVJ
[KGNF�XCNWGU�VJCV�XCT[�D[�JQY�GCUKN[�VJG�YCUVG�FGEQORQUGU��CU�YGNN�CU�D[�C�VKOG�RTQHKNG��6JG
RQTVKQP�QH�VJGUG�GOKUUKQPU�ECRVWTGF�HQT�GPGTI[�EQPXGTUKQP�KU�CUUWOGF�VQ�KPETGCUG�D[�C�HCEVQT�QH
CDQWV�VJTGG�D[�[GCT�������DCUGF�QP�7�5��'2#�GUVKOCVGU�QH�PGY�KPUVCNNCVKQPU�QH�NCPFHKNNU��6JG�$VW
XCNWG�QH�VJG�ICU��JGCV�TCVG�CPF�ECRCEKV[�HCEVQT�CTG�CRRNKGF�VQ�VJGUG�RTQLGEVKQPU�VQ�RTQXKFG�ECRCEKV[
RTQLGEVKQPU�� 6JG� UKORNKH[KPI� CUUWORVKQP� KU� OCFG� VJCV� CNN� VJG� ECRVWTGF� ICU� KU� EQPXGTVGF� VQ
GNGEVTKEKV[� �6JKU�ECRCEKV[�VQVCN�KU�CFFGF�VQ�VJG�ECRCEKV[�HQT�/59�EQODWUVKQP�DGHQTG�DGKPI�UJCTGF�

QWV�VQ�VJG�'//�TGIKQPU�CPF�RCUUGF�VQ�VJG�'//�

Capital and Operating Costs

6JG�/59�UWDOQFWNG�UWRRNKGU�VJG�'//�YKVJ�ECRKVCN�CPF�QRGTCVKPI�EQUVU�CU�EQORQPGPVU�KP�VJG
FGVGTOKPCVKQP�QH�GNGEVTKEKV[�RTKEGU��+P�NKGW�QH�CEVWCN�EQUV�FCVC�HTQO�96'�HCEKNKVKGU��VJG�/59
5WDOQFWNG�GORNQ[U�VGEJPQNQI[�EQUV�EJCTCEVGTK\CVKQP�KPHQTOCVKQP�HTQO�VJG�'24+������6GEJPKECN
#UUGUUOGPV�)WKFG�
6#)���+PHQTOCVKQP�HQT� VJG�OCUU�DWTP� VGEJPQNQI[�KU�UGNGEVGF�DGECWUG� VJKU



/CUU�DWTP�96'�WPKVU�EQODWUV�/59�YKVJQWV�RTGRTQEGUUKPI��QVJGT�VJCP�VJG�TGOQXCN�QH�NCTIG�KVGOU�HTQO�VJG�HGGF�

U[UVGO��4GHWUG�&GTKXGF�(WGN�
4&(��HCEKNKVKGU�EQODWUV�YCUVG�VJCV�JCU�DGGP�RTGRTQEGUUGF�
K�G���UQTVGF�CPF�UJTGFFGF�VQ

KPETGCUG�VJG�JGCVKPI�XCNWG���#�VJKTF�VGEJPQNQI[�V[RGGOQFWNCT�EQODWUVQTUGCTG�UOCNN��RTGHCDTKECVGF�WPKVU��/CUU�DWTP

WPKVU�EQPUVKVWVG����RGTEGPV�QH�QRGTCVKPI�96'�WPKVU�CPF����RGTEGPV�QH�RNCPPGF�96'�WPKVU�
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VGEJPQNQI[�KU�VJG�OQUV�EQOOQP�QH�VJTGG�VGEJPQNQI[�V[RGU� �(QT�DQVJ�ECRKVCN�CPF�QRGTCVKPI�EQUVU��

VJG�6#)�CUUWOGU�C�96'�RNCPV�UK\G�QH����OGICYCVVU�YKVJ�C�UKPING�EQODWUVKQP�WPKV�

#P�KORQTVCPV�EQORQPGPV�QH�VJG�96'�HCEKNKV[�QRGTCVKPI�EQUV�KU�VJG�VKRRKPI�HGG��6JG�VKRRKPI�HGG�KU
C�RGT�VQP�EJCTIG�CUUGUUGF�VQ�YCUVG�TGOQXCN�HKTOU�HQT�FGRQUKVKPI�VJG�/59�CV�VJG�FKURQUCN�UKVG�
$GECWUG� VJG� VKRRKPI�HGG�KU�C�TGXGPWG�UQWTEG��VJG�/59�5WDOQFWNG�VTGCVU�VJG�VKRRKPI�HGG�CU�C
PGICVKXG�HWGN�EQUV��

#V�VJKU�VKOG�VJGTG�CTG�KPUWHHKEKGPV�FCVC�QP�JQY�VKRRKPI�HGGU�CTG�FGVGTOKPGF��CNVJQWIJ�KV�KU�NKMGN[
VJCV�VJG[�CTG�VJG�DCNCPEKPI�HCEVQT�KP�RNCPV�GEQPQOKEU��#�EQORNKECVKQP�YKVJ�VKRRKPI�HGGU�KU�VJCV�UQOG
RNCPVU�CTG�RTKXCVGN[�QYPGF��QVJGTU�CTG�RWDNKEN[�QYPGF��CPF�UWDUKFKGU�OC[�DG�KPXQNXGF�KP�GKVJGT
ECUG��#U�C�TGUWNV��VKRRKPI�HGG�XCNWGU�CTG�EWTTGPVN[�CUUWOGF�VQ�TGOCKP�EQPUVCPV�HQT�CNN�HQTGECUV
[GCTU�

Alternative Approaches

1PN[�VYQ�QVJGT�UQWTEGU�QH�GPGTI[�RTQLGEVKQPU�HTQO�/59�EQODWUVKQP�JCXG�DGGP�KFGPVKHKGF����VJG
5QNCT�'PGTI[�4GUGCTEJ� +PUVKVWVG� 
5'4+�������� CPF�-NCUU� 
�������6JG�RTQLGEVKQPU� HTQO� VJQUG
TGRQTVU�CTG�FKUEWUUGF�KP�%WTNGG�
�������/59�GPGTI[�RTQLGEVKQPU�IKXGP�KP�%WTNGG�
�������YJKEJ
CTG�DCUGF�QP�VJG�OGVJQFQNQI[�CFQRVGF�HQT�VJG�/59�5WDOQFWNG��CTG�UKIPKHKECPVN[�JKIJGT�VJCP
VJQUG�EQPVCKPGF�KP�VJG�TGRQTVU�D[�5'4+�
5'4+��������CPF�-NCUU�
-NCUU���������0QVG�VJCV�/59�KU
QPG�QH�UGXGTCN�TGPGYCDNG�GPGTI[�UQWTEGU�GXCNWCVGF�KP�DQVJ�VJG�-NCUU�CPF�5'4+�UVWFKGU��CPF�VJG
WPFGTN[KPI�CUUWORVKQPU�CPF�OQFGNKPI�OGVJQFQNQIKGU�CTG�PQV�GZRNCKPGF�UWHHKEKGPVN[�KP�GKVJGT�UVWF[
VQ� FKUEWUU� CPF� EQORCTG� VJG� FKHHGTGPEGU� DGVYGGP� VJGKT� CRRTQCEJGU� CPF� VJG�/59�5WDOQFWNG
CRRTQCEJ��0Q�QVJGT�OQFGNU�QH�/59�GPGTI[�EQPUWORVKQP�CPF�RTQFWEVKQP�YGTG�KFGPVKHKGF�KP�VJG
TGUGCTEJ�UWRRQTVKPI�VJG�FGXGNQROGPV�QH�VJG�/59�5WDOQFWNG�

#�MG[�CURGEV�QH�VJG�UGNGEVGF�OQFGNKPI�CRRTQCEJ�KPXQNXGU�VJG�CRRNKECVKQP�QH�GZRGTV�LWFIGOGPV�HQT
URGEKH[KPI�VJG�RTQLGEVGF�TGIKQPCN�HTCEVKQPU�QH�/59�EQODWUVGF�HQT�GPGTI[��
6JGUG�HTCEVKQPU�CTG
OWNVKRNKGF�D[�CXCKNCDNG�/59�KP�QTFGT�VQ�FGVGTOKPG�VJG�RTQLGEVGF�/59�SWCPVKVKGU�CXCKNCDNG�HQT
GPGTI[� TGEQXGT[��� +FGCNN[�� LWFIGOGPVU� EQPEGTPKPI� RTQLGEVGF� EQODWUVKQP� HTCEVKQPU� UJQWNF� DG
EQODKPGF� YKVJ� CP� CPCN[UKU� QH� EQUV� CPF� ECRCEKV[� VTGPFU� KPXQNXKPI� VJG� TGFWEVKQP�� TGE[ENKPI�
EQORQUVKPI��NCPFHKNNKPI��RTQEGUUKPI��CPF�EQODWUVKPI�QH�/59��*QYGXGT��TGNCVKXG�EQUV�KPHQTOCVKQP
HQT�VJG�XCTKQWU�CNVGTPCVKXGU�VQ�OCPCIG�/59�KU�EWTTGPVN[�EQPUKFGTGF�KPCFGSWCVG��CPF�KU�VJGTGHQTG
PQV�WUGF�
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MSW Submodule Structure

Submodule Flow Diagram

6JKU� UGEVKQP� RTGUGPVU� C� HNQY� FKCITCO� 
(KIWTG� ��� QH� VJG� /59� 5WDOQFWNG� VJCV� UJQYU� VJG
5WDOQFWNG	U�OCKP�EQORWVCVKQPCN�UVGRU�CPF�FCVC�TGNCVKQPUJKRU�



START
(call from RFM)

First year

n Read input data from
MSWDAT cost (performance characteristic),

Waste source reduction factor,

Share of MSW burnt,

Share of burnt MSW used for generation of electricity,
Heat content, and

Regional population

Calculate variable O&M cost
of MSW technology considering

tipping fees

Calculate national
quantity of MSW

Calculate capacity of
 landfill gas units

Output to EMM

GDP, and

Population

from MAM

y
and

First iteration

Calculate regional
electric capacities

Calculate capacity of
combustion units
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Figure 3. Municipal Solid Waste Submodule Flowchart
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Key Computations and Equations

6JG�/59�5WDOQFWNG� KU� NCTIGN[� KPFGRGPFGPV� QH� VJG� TGUV� QH� VJG�4(/�YKVJ� VJG� GZEGRVKQP� QH
QDVCKPKPI�VJG�RTQLGEVGF�)&2�CPF�RQRWNCVKQP�XCNWGU�HQT�VJG�/CETQ�#PCN[UKU�/QFGN��6JG�RTQLGEVKQPU
CTG�IGPGTCVGF�KP�VYQ�RCTVU�CPF�VJGP�EQODKPGF��6JGUG�EQORQPGPVU�CTG�IGPGTCVKPI�ECRCEKV[�QH�YCUVG�
VQ�GPGTI[�
96'��WPKVU�CPF�NCPFHKNN�ICU�HWGNGF�WPKVU�

6JG�96'�RTQLGEVKQP�RGTHQTOU�DCUKE� ECNEWNCVKQPU�QH� VJG�YCUVG� UVTGCO��GPGTI[�RTQFWEGF�� CPF
ECRCEKV[�HQT�CNN�[GCTU�CPF�TGIKQPU�D[�QRGTCVKPI�QP�4(/�XCNWGU�EQPVCKPGF�QP�VJG�HKNG�/59&#6�

6JG�NCPFHKNN�ICU�XCNWGU�CTG�EQORWVGF�KP�C�UGRCTCVG�URTGCFUJGGV�YKVJ�C�UKOKNCT�CRRTQCEJ�VQ�VJG
ECNEWNCVKQP�HQT�YCUVG�UVTGCO��GPGTI[��CPF�ECRCEKV[��6JGUG�TGIKQPCN�XCNWGU�CTG�TGCF�KP�CPF�CFFGF
VQ�VJG�96'�XCNWGU�

8CTKCDNG�QRGTCVKPI�EQUVU�CTG�EQODKPGF�YKVJ�VJG�PGICVKXG�QH�VJG�VKRRKPI�HGG�CPF�VJKU�XCNWG��VJG
ECRKVCN�EQUV��CPF�VJG�ECRCEKV[�RTQLGEVKQPU�CTG�RCUUGF�VQ�VJG�'//�

6JG� HQTOWNC� HQT� OCP[� QH� VJGUG� ECNEWNCVKQPU� CTG� RTGUGPVGF� KP� #RRGPFKZ� �$�� /CVJGOCVKECN
&GUETKRVKQP�



Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—MSW 19

Appendix 2-A:  Inventory of Variables, Data, and
Parameters

6JKU�#RRGPFKZ�FGUETKDGU�VJG�XCTKCDNGU�CPF�FCVC�KPRWVU�CUUQEKCVGF�YKVJ�VJG�/59�5WDOQFWNG��6CDNG
�#���RTQXKFGU�C�VCDWNCT�NKUVKPI�QH�OQFGN�XCTKCDNGU��KPRWV�FCVC��CPF�RCTCOGVGTU��6JG�VCDNG�EQPVCKPU
EQNWOPU�YKVJ�KPHQTOCVKQP�QP�KVGO�FGHKPKVKQPU��OQFGNKPI�FKOGPUKQPU��FCVC�UQWTEGU��OGCUWTGOGPV
WPKVU��CPF�FQEWOGPVCVKQP�RCIG�TGHGTGPEGU�

6JG�TGOCKPFGT�QH�#RRGPFKZ��#�EQPUKUVU�QH�FGVCKNGF�FGUETKRVKQPU�QH�FCVC�KPRWVU�CPF�XCTKCDNGU�
KPENWFKPI�FKUEWUUKQPU�QP�UWRRQTVKPI�FCVC�CUUWORVKQPU�CPF�VTCPUHQTOCVKQPU�

Table 2A-1.  NEMS Municipal Solid Waste Submodule Inputs and Outputs

/QFGN�8CTKCDNG &GHKPKVKQP�CPF�&KOGPUKQPU 5QWTEG 7PKVU

+0276�&#6#

( (TCEVKQP�QH�/59�EQODWUVGF�HQT�WUG�7�CPF�UGEVQT (QTO�'+#���� 7PKVNGUU
5�KP�%GPUWU�FKXKUKQP�T

*% /59�JGCV�EQPVGPV�XCNWGU�KP�%GPUWU�FKXKUKQP�T�KP (TCPMNKP�#UUQEKCVGU�CPF $VW�ND�QH�/59

[GCT�[ 1HHKEG�QH�6GEJPQNQI[
#UUGUUOGPV

72*646� /59�JGCV�TCVG�HQT�GNGEVTKEKV[�RTQFWEVKQP )QXGTPOGPV�#FXKUQT[ $VW�M9J
#UUQEKCVGU
1CM�4KFIG

2%% 2GTEGPV�EQODWUVGF�HQT�%GPUWU�FKXKUKQP�T�KP�[GCT�[ (TCPMNKP�#UUQEKCVGU�CPF WPKVNGUU

'+#�UVCHH
1CM�4KFIG

72/%(� %CRCEKV[�HCEVQT�QH�C�96'�RNCPV� '24+�6#) WPKVNGUU

72184� %CRKVCN�EQUV�HQT�C�96'�RNCPV '24+�6#) ��-9

/56+2204 6KRRKPI�HGG�HQT�/59�KP�%GPUWU�FKXKUKQP�T %JWRMC��GV�CN ��VQP

72(1/� (KZGF�1�/�EQUV�HQT�C�96'�RNCPV '24+�6#) OKNNU�M9J

98% 8CTKCDNG�1�/�EQUV�HQT�C�96'�RNCPV '24+�6#) OKNNU�M9J

54 #PPWCN�UQWTEG�TGFWEVKQP�HCEVQT '+#�UVCHH 2GTEGPVCIG

6%.#0&( 6QVCN�PCVKQPCN�GNGEVTKE�ECRCEKV[�HTQO�NCPFHKNN�ICU�KP FGVGTOKPGF�D[�'+# /9
[GCT�[

.(5*4 5JCTG�QH�VQVCN�GNGEVTKE�ECRCEKV[�HWGNGF�D[�NCPFHKNN FGVGTOKPGF�D[�'+# WPKVNGUU
ICU�KP�'//�TGIKQP�P

C 4GITGUUKQP�EQGHH��TGRTGUGPVKPI�)&2�FGRGPFGPE[ TGITGUUGF�D[�'+# �� VQP��� �
�

� �

C 4GITGUUKQP�EQGHH��TGRTGUGPVKPI�RQRWNCVKQP TGITGUUGF�D[�'+# �� VQP��� ECRKVC
�

FGRGPFGPE[

� �

� YCUVG�UVTGCO�CFLWUVOGPV�HCEVQT FGVGTOKPGF�D[�'+# WPKVNGUU
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Table 2A-1.  NEMS Municipal Solid Waste Submodule Inputs and Outputs (Continued)

/QFGN�8CTKCDNG &GHKPKVKQP�CPF�&KOGPUKQPU 5QWTEG 7PKVU

%#.%7.#6'&

8#4+#$.'5

/%A)&2 4GCN�ITQUU�FQOGUVKE�RTQFWEV�HQT�[GCT�[ FGVGTOKPGF�KP�/#/ $KNNKQP��

/%A212#(1 7�5��2QRWNCVKQP�KPEN��1XGTUGCU�CTOGF�HQTEGU FGVGTOKPGF�KP�/#/ ���

3 3WCPVKV[�QH�GPGTI[�HTQO�OWPKEKRCN�UQNKF�YCUVG�HQT //$VW�RGT
IGPGTCVKQP�QH�GNGEVTKE�RQYGT�KP�'//�TGIKQP�P [GCT

30#6 3WCPVKV[�QH�OWPKEKRCN�UQNKF�YCUVG�RTQFWEGF�KP�VJG OKNNKQP�VQPU

7�5� RGT�[GCT

9%#/5'. /59�GNGEVTKE�ECRCEKV[�HQT�WVKNKVKGU�KP�'//�TGIKQP /GICYCVVU
P�KP�[GCT�[

98%/5'. 8CTKCDNG�1�/�EQUV�QH�/59�GNGEVTKE�IGPGTCVKPI OKNNU�M9J
ECRCEKV[�KP�'//�TGIKQP�P�KP�[GCT�[�CFLWUVGF�HQT
VKRRKPI�HGGU

�#UUKIPGF�KP�'//�KPRWV�HKNG�'%2&#6�

/1&'.�+0276� (

&'(+0+6+10� (TCEVKQP� QH� VQVCN� /59� IGPGTCVGF� VJCV� KU� EQODWUVGF� HQT� IGPGTCVKQP� QH
GNGEVTKEKV[�KP�'//�TGIKQP�P

1PEG�VJG�VQVCN�COQWPV�QH�/59�VJCV�KU�EQODWUVGF�HQT�GPGTI[�JCU�DGGP�FGVGTOKPGF��KV�OWUV�DG
CNNQECVGF�COQPI�WUGU�
GNGEVTKEKV[�QT�QVJGT���TGIKQPU��CPF�UGEVQTU�
EQOOGTEKCN�� KPFWUVTKCN��CPF
WVKNKV[��� 6JG� CNNQECVKQP� HCEVQT�OCVTKZ�(� CEEQORNKUJGU� VJKU� VCUM� D[� WUKPI� JKUVQTKECN� CPF� ����
RTQLGEVGF�RNCPV�NGXGN�FCVC�HTQO�VJG�)QXGTPOGPVCN�#FXKUQT[�#UUQEKCVGU�
)##�������4GUQWTEG
4GEQXGT[�&CVCDCUG�

5174%'5� 1CM�4KFIG�0CVKQPCN�.CDQTCVQT[���&CVC�CPF�5QWTEGU��$KQOCUU�5WRRN[�&TCHV�4GRQTV��
RTGRCTGF�HQT�'+#�WPFGT�%QPVTCEV�0Q��&'�#%�����14�������1CM�4KFIG��60��,WPG
����������R��������

)QXGTPOGPV�#FXKUQT[�#UUQEKCVGU��4GUQWTEG�4GEQXGT[�;GCTDQQM�CPF������4GUQWTEG
4GEQXGT[�&CVCDCUG������'CUV���VJ�5VTGGV��0GY�;QTM��0;�������

/1&'.�+0276� *%

&'(+0+6+10� *GCV�EQPVGPV�KP�[GCT�[

*GCV�EQPVGPV�XCNWGU��OGCUWTGF�KP�$VW�RGT�RQWPF�QH�/59��*GCV�EQPVGPVU�CTG�PCVKQPCN�FCVC��CPF
CTG�CUUWOGF�VQ�DG�VJG�UCOG�HQT�GCEJ�'//�TGIKQP��6JG�JKUVQTKE�CPF�RTQLGEVGF�RGTEGPV�EQORQUKVKQP
QH�/59�YCU�QDVCKPGF�HTQO�(TCPMNKP�#UUQEKCVGU�HQT�GCEJ�QH�VJG�OCKP�EQORQPGPVU�QH�/59��6JG
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OCKP�EQORQPGPVU�QH�/59�KPENWFG��RCRGT�CPF�RCRGT�DQCTF��INCUU��OGVCNU��RNCUVKEU��TWDDGT�CPF
NGCVJGT��VGZVKNGU��YQQF��HQQF�YCUVG��[CTF�YCUVG��QVJGT�QTICPKEU��CPF�QVJGT�KPQTICPKEU��6JG�$VW
EQPVGPV� YCU� QDVCKPGF� HQT� GCEJ� OCVGTKCN� HTQO� VJG� 1HHKEG� QH� 6GEJPQNQI[� #UUGUUOGPV�� 6JG
RGTEGPVCIGU�CPF�$VW�EQPVGPVU�YGTG�EQODKPGF�VQ�RTQXKFG�CP�QXGTCNN�JGCV�EQPVGPV�RGT�RQWPF�QH
/59��8CNWGU�HQT�VJG�[GCTU�VJTQWIJ������YGTG�DCUGF�QP�CP�CUUWOGF�EQPVKPWCVKQP�QH�VJG�JKUVQTKECN
KPETGCUKPI�VTGPF��$G[QPF�������KV�YCU�CUUWOGF�VJCV�*%�TGOCKPU�NGXGN�HQT�VJG�FWTCVKQP�QH�VJG
HQTGECUV�JQTK\QP�

5174%'5� 1CM�4KFIG�0CVKQPCN�.CDQTCVQT[���&CVC�CPF�5QWTEGU��$KQOCUU�5WRRN[�&TCHV�4GRQTV��
RTGRCTGF�HQT�'+#�WPFGT�%QPVTCEV�0Q��&'�#%�����14�������1CM�4KFIG��60��,WPG
����������R�������

(TCPMNKP�#UUQEKCVGU�� �%JCTCEVGTK\CVKQP�QH�/WPKEKRCN�5QNKF�9CUVG� KP� VJG�7PKVGF
5VCVGU�� ����� 7RFCVG��� RTGRCTGF� HQT� VJG� 'PXKTQPOGPVCN� 2TQVGEVKQP� #IGPE[�
/WPKEKRCN�CPF�+PFWUVTKCN�5QNKF�9CUVG�&KXKUKQP��1HHKEG�QH�5QNKF�9CUVG��0QXGODGT
�����

1HHKEG� QH� 6GEJPQNQI[� #UUGUUOGPV�� (CEKPI� #OGTKEC	U� 6TCUJ�� � 9JCV� 0GZV� HQT
/WPKEKRCN�5QNKF�9CUVG!��%QPITGUU�QH�VJG�7PKVGF�5VCVGU��7�5��)QXGTPOGPV�2TKPVKPI
1HHKEG��9CUJKPIVQP��&%��1EVQDGT�������

/1&'.�+0276� 72*646

&'(+0+6+10� *GCV�TCVG�HQT�96'�RNCPVU

6JG�JGCV�TCVG�KU�CUUWOGF�EQPUVCPV�HQT�CNN�'//�TGIKQPU�CPF�[GCTU��(QT�VJQUG�RNCPVU�VJCV�EQIGPGTCVG
GNGEVTKEKV[�CPF�UVGCO��VJG�JGCV�TCVG�KU�CUUWOGF�VQ�GSWCN�VJG�JGCV�TCVG�QH�HCEKNKVKGU�VJCV�IGPGTCVG�QPN[
GNGEVTKEKV[�

5174%'� 'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��6GEJPKECN�#UUGUUOGPV�)WKFG��'24+�64���������
8QN�����4GX�����2CNQ�#NVQ��%#��,WPG������

/1&'.�+0276� 2%%

&'(+0+6+10� 2GTEGPV�/59�EQODWUVGF�'//�TGIKQP�P

'UVKOCVGU�QH�RGTEGPV�QH�/59�EQODWUVGF�HQT������VJTQWIJ������YGTG�QDVCKPGF�HTQO�(TCPMNKP
#UUQEKCVGU��&CVC�HQT�VJG�[GCTU�CHVGT������CTG�RTQLGEVKQPU�DCUGF�QP�CPCN[UGU�EQPFWEVGF�D[�'+#
UVCHH�

5174%'5� (TCPMNKP�#UUQEKCVGU�� �%JCTCEVGTK\CVKQP�QH�/WPKEKRCN�5QNKF�9CUVG� KP� VJG�7PKVGF
5VCVGU�� ����� 7RFCVG��� RTGRCTGF� HQT� VJG� 'PXKTQPOGPVCN� 2TQVGEVKQP� #IGPE[�
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/WPKEKRCN�CPF�+PFWUVTKCN�5QNKF�9CUVG�&KXKUKQP��1HHKEG�QH�5QNKF�9CUVG��0QXGODGT
�����

1HHKEG� QH� 6GEJPQNQI[� #UUGUUOGPV�� (CEKPI� #OGTKEC	U� 6TCUJ�� � 9JCV� 0GZV� HQT
/WPKEKRCN�5QNKF�9CUVG!��%QPITGUU�QH�VJG�7PKVGF�5VCVGU��7�5��)QXGTPOGPV�2TKPVKPI
1HHKEG��9CUJKPIVQP��&%��1EVQDGT�������

/1&'.�+0276� 72/%(

&'(+0+6+10� %CRCEKV[�HCEVQT�HQT�C�/59�KPEKPGTCVQT

5174%'5� 1CM�4KFIG�0CVKQPCN�.CDQTCVQT[���&CVC�CPF�5QWTEGU��$KQOCUU�5WRRN[�&TCHV�4GRQTV��
RTGRCTGF�HQT�'+#�WPFGT�%QPVTCEV�0Q��&'�#%�����14�������1CM�4KFIG��60��,WPG
����������R�����

'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��6GEJPKECN�#UUGUUOGPV�)WKFG��'24+�64�������5�
8QN�����4GX�����2CNQ�#NVQ��%#��,WPG������

/1&'.�+0276� 72184

&'(+0+6+10� %CRKVCN�EQUV�QH�C�/59�KPEKPGTCVQT

5174%'� 'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��6GEJPKECN�#UUGUUOGPV�)WKFG��'24+�64�������5�
8QN�����4GX�����2CNQ�#NVQ��%#��,WPG������

/1&'.�+0276� /56+2204

&'(+0+6+10� 6KRRKPI�HGG�EJCTIGF�HQT�/59�KP�'//�TGIKQP�P

6JG�VKRRKPI�HGG�KU�UVTWEVWTGF�CU�C�PGICVKXG�CFLWUVOGPV�VQ�VJG�XCTKCDNG�1�/�EQUV��98%/5'.�
6KRRKPI�HGGU�YGTG�ECNEWNCVGF�DCUGF�QP�FCVC�HTQO�%JWRMC��*QYCTVJ��CPF�<QK��6JG�VKRRKPI�HGGU�
QTKIKPCNN[�GZRTGUUGF�KP�FQNNCTU�RGT�VQP�QH�/59��CTG�CIITGICVGF�VQ�'//�TGIKQPU�WUKPI�/59
HCEKNKV[�EQPUWORVKQP�YGKIJVKPI�HCEVQTU��EQPXGTVGF�VQ�TGCN������FQNNCTU��CPF�VJGP�VTCPUHQTOGF�KPVQ
OKNNU�RGT�MKNQYCVVJQWT�

5174%'5� %JWRMC��/CTE��&��*QYCTVJ�� CPF� %�� <QK��4GPGYCDNG� 'NGEVTKE� )GPGTCVKQP�� #P
#UUGUUOGPV� QH� #KT� 2QNNWVKQP� 2TGXGPVKQP� 2QVGPVKCN�� '2#�����4��������� 7�5�
'PXKTQPOGPVCN�2TQVGEVKQP�#IGPE[�������

0CVKQPCN� 5QNKF� 9CUVG� /CPCIGOGPV� #UUQEKCVKQP�� K����� .CPFHKNN� 6KRRKPI� (GG
5WTXG[�L�9CUJKPIVQP��&%�
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/1&'.�+0276� 72(1/

&'(+0+6+10� (KZGF�QRGTCVKQP���OCKPVGPCPEG�
1�/��EQUV�/59�KPEKPGTCVQT

&CVC�HQT�ECNEWNCVKPI�QRGTCVKPI�EQUVU�CTG�QDVCKPGF�HTQO�VJG�'24+�6GEJPKECN�#UUGUUOGPV�)WKFG

6#)���&CVC�CTG�CXCKNCDNG�HQT�OCUU�DWTP�VGEJPQNQI[�CPF�TGHWUG�FGTKXGF�HWGN��+PHQTOCVKQP�HQT�VJG
OCUU�DWTP�VGEJPQNQI[�KU�WUGF�KP�VJG�ECNEWNCVKQPU��CUUWOKPI�C����RGTEGPV�ECRCEKV[�HCEVQT�

5174%'5� 1CM�4KFIG�0CVKQPCN�.CDQTCVQT[���&CVC�CPF�5QWTEGU��$KQOCUU�5WRRN[�&TCHV�4GRQTV��
RTGRCTGF�HQT�'+#�WPFGT�%QPVTCEV�0Q��&'�#%�����14�������1CM�4KFIG��60��,WPG
����������R�����

'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��6GEJPKECN�#UUGUUOGPV�)WKFG��'24+�64������5�
8QN�����4GX�����2CNQ�#NVQ��%#��,WPG������

/1&'.�+0276� 98%/5'.

&'(+0+6+10� 8CTKCDNG�1�/�EQUV�HQT�C�/59�KPEKPGTCVQT�KP�'//�TGIKQP�P�CPF�[GCT�[
CFLWUVGF�HQT�VKRRKPI�HGGU

&CVC�HQT�ECNEWNCVKPI�VJG�QRGTCVKPI�EQUV�CTG�QDVCKPGF�HTQO�VJG�'24+�6GEJPKECN�#UUGUUOGPV�)WKFG

6#)���&CVC�CTG�CXCKNCDNG�HQT�OCUU�DWTP�VGEJPQNQI[�CPF�TGHWUG�FGTKXGF�HWGN��+PHQTOCVKQP�HQT�VJG
OCUU�DWTP� VGEJPQNQI[� KU�WUGF� KP� VJG�ECNEWNCVKQPU��6JG�XCTKCDNG�QRGTCVKPI�EQUV� KU� CFLWUVGF�D[
UWDVTCEVKPI�VJG�VKRRKPI�HGG��CPF�CUUKIPKPI�VJG�QRGTCVKPI�EQUV�XCNWG�VQ�VJG�4(/�EQOOQP�DNQEM
XCTKCDNG��98%/5'.�

5174%'5� Electric Power Research Institute, Technical Assessment Guide. EPRI TR102276S,
Vol. 1: Rev. 7, Palo Alto, CA, June 1993.

Oak Ridge National Laboratory, "Data and Sources: Biomass Supply Draft Report,"
prepared for EIA under Contract No. DE-AC05-84OR21400, Oak Ridge, TN, June
27, 1993, p. 19.

/1&'.�+0276� 98%

&'(+0+6+10� 8CTKCDNG�1�/�EQUV�HQT�/59�KPEKPGTCVQT

8CTKCDNG�TGRTGUGPVU�VJG�WPCFLWUVGF�1�/�EQUV�HQT�/59�KPEKPGTCVQTU�

5174%'5� 'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��6GEJPKECN�#UUGUUOGPV�)WKFG��'24+�64������5�
8QN�����4GX�����2CNQ�#NVQ��%#��,WPG������
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1CM�4KFIG�0CVKQPCN�.CDQTCVQT[���&CVC�CPF�5QWTEGU��$KQOCUU�5WRRN[�&TCHV�4GRQTV��
RTGRCTGF�HQT�'+#�WPFGT�%QPVTCEV�0Q��&'�#%�����14�������1CM�4KFIG��60��,WPG
����������R�����

/1&'.�+0276� 54

&'(+0+6+10� #PPWCN� UQWTEG� TGFWEVKQP� HCEVQT�� VJG� COQWPV� QH� CPPWCN� YCUVG� UVTGCO
TGFWEVKQP�CEJKGXGF���RGTEGPVCIG�

5174%'� '+#��1HHKEG�QH�+PVGITCVGF�#PCN[UKU�CPF�(QTGECUVKPI

/1&'.�+0276� C�

&'(+0+6+10� 4GITGUUKQP�EQGHHKEKGPV�TGRTGUGPVKPI�VJG�)&2�FGRGPFGPE[�QH�VJG�YCUVG�UVTGCO

5174%'� (TCPMNKP�#UUQEKCVGU�� �%JCTCEVGTK\CVKQP�QH�/WPKEKRCN�5QNKF�9CUVG� KP� VJG�7PKVGF
5VCVGU�� ����� 7RFCVG��� RTGRCTGF� HQT� VJG� 'PXKTQPOGPVCN� 2TQVGEVKQP� #IGPE[�
/WPKEKRCN�CPF�+PFWUVTKCN�5QNKF�9CUVG�&KXKUKQP��1HHKEG�QH�5QNKF�9CUVG��0QXGODGT
�����

/1&'.�+0276� C�

&'(+0+6+10� 4GITGUUKQP�EQGHHKEKGPV�TGRTGUGPVKPI�VJG�RQRWNCVKQP�FGRGPFGPE[�QH�VJG�YCUVG
UVTGCO�

5174%'� (TCPMNKP�#UUQEKCVGU�� �%JCTCEVGTK\CVKQP�QH�/WPKEKRCN�5QNKF�9CUVG� KP� VJG�7PKVGF
5VCVGU�� ����� 7RFCVG��� RTGRCTGF� HQT� VJG� 'PXKTQPOGPVCN� 2TQVGEVKQP� #IGPE[�
/WPKEKRCN�CPF�+PFWUVTKCN�5QNKF�9CUVG�&KXKUKQP��1HHKEG�QH�5QNKF�9CUVG��0QXGODGT
�����

/1&'.�+0276� �

&'(+0+6+10� 9CUVG�UVTGCO�CFLWUVOGPV�HCEVQT���GZRCPFU�VJG�'2#�FGHKPGF�/59�SWCPVKV[
VQ�CEEQWPV�HQT�GORKTKECN�KPHQTOCVKQP�QP�QVJGT�FKURQUGF�OCVGTKCNU�

5174%'5� $KQE[ENG��K6JG�5VCVG�QH�)CTDCIG�KP�#OGTKEC�L�#RTKN�KUUWG�������

(TCPMNKP�#UUQEKCVGU�� �%JCTCEVGTK\CVKQP�QH�/WPKEKRCN�5QNKF�9CUVG� KP� VJG�7PKVGF
5VCVGU�� ����� 7RFCVG��� RTGRCTGF� HQT� VJG� 'PXKTQPOGPVCN� 2TQVGEVKQP� #IGPE[�
/WPKEKRCN�CPF�+PFWUVTKCN�5QNKF�9CUVG�&KXKUKQP��1HHKEG�QH�5QNKF�9CUVG��0QXGODGT
�����
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Appendix 2-B:  Mathematical Description

6JKU� #RRGPFKZ� RTQXKFGU� VJG� FGVCKNGF�OCVJGOCVKECN� URGEKHKECVKQP� QH� VJG�/59�5WDOQFWNG� CU
RTGUGPVGF�KP�VJG�4(/�(1464#0�EQFG�GZGEWVKQP�UGSWGPEG�

6JG�/59�UWDOQFWNG�HKTUV�EQORWVGU�VJG�CPPWCN�COQWPV�QH�OWPKEKRCN�UQNKF�YCUVG�CU�C�DK�NKPGCT
TGNCVKQP�QH�VJG�PCVKQPCN�RQRWNCVKQP�CPF�VJG�GEQPQOKE�CEVKXKV[�CU�TGRTGUGPVGF�D[�VJG�)&2�

YJGTG�

30#6 �� PCVKQPCN�CPPWCN�YCUVG�UVTGCO�KP�[GCT�[��KP�=�� �VQP?[
�

C �� TGITGUUKQP�EQGHHKEKGPV�TGRTGUGPVKPI�VJG�KORCEV�QH�EJCPIG�KP�)&2�


C ������������=�� �VQP��� ��?��
� �

C �� TGITGUUKQP�EQGH��TGRTGUGPVKPI�VJG�KORCEV�QH�EJCPIG�KP�RQRWNCVKQP�


C ����������=�� �VQP��� �ECRKVC?��
� �

/%A)&2 �� ITQUU�FQOGUVKE�RTQFWEV�KP�[GCT�[��KP�=�� ��?�
EJCKP�YGKIJVGF�[
�

/%A212#(1 �� PCVKQPCN�RQRWNCVKQP�KP�[GCT�[��KP�=�� �ECRKVC?[
�

6JG�YCUVG�UVTGCO�KU�VJGP�CFLWUVGF�VQ�ECRVWTG�VJG�GHHQTVU�VQ�TGFWEG�IGPGTCVKQP�QH�/59�CPF�VQ
TGHNGEV�FGHKPKVKQPCN�EJCPIG��6JG�TGNCVKQP�KU�GZRTGUUGF�CU�
YJGTG�

� #FLWUVGF�PCVKQPCN�CPPWCN�YCUVG�UVTGCO�KP�[GCT�[��KP�=�� �VQP?�

[ � 0'/5�[GCT
54 �� UQWTEG�TGFWEVKQP�HCEVQT�

� � YCUVG�UVTGCO�CFLWUVOGPV�HCEVQT���GZRCPFU�VJG�'2#�FGHKPGF�/59�SWCPVKV[
VQ�CEEQWPV�HQT�GORKTKECN�KPHQTOCVKQP�QP�QVJGT�FKURQUGF�OCVGTKCNU��6JG
XCNWG�KU�ECNEWNCVGF�CU�C�UKORNG�CXGTCIG�QH�VJG�TCVKQU�QH�VJG�'2#�XCNWG�VQ
VJG�VQVCN�YCUVG�XCNWG�HTQO�C�5VCVG�UWTXG[�D[�$KQE[ENG�OCIC\KPG��

Source Reduction Factor

2TQLGEVKQPU� QH�/59� IGPGTCVKQP� SWCPVKVKGU� DCUGF� QP� VJG� CDQXG� TGITGUUKQP� CRRTQCEJ�OWUV� DG
OQFKHKGF�DGECWUG�QH�UVTWEVWTCN�OCTMGV�EJCPIGU�VJCV�CTG�QEEWTTKPI�CPF�CTG�NKMGN[�VQ�QEEWT�KP�HWVWTG
[GCTU�� )QXGTPOGPVU� CPF� DWUKPGUUGU� JCXG� CFQRVGF� UVTCVGIKGU� VQ� NGUUGP� VJG� COQWPV� QH� YCUVG



26 Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—MSW

IGPGTCVGF�YKVJQWV� TGFWEKPI�GEQPQOKE�QWVRWV��6JG�IGPGTCN� VGTO� HQT� VJGUG� UVTCVGIKGU� KU� UQWTEG
TGFWEVKQP��#P�GZCORNG�QH�UWEJ�C�UVTCVGI[�KU�VJG�NQECN�IQXGTPOGPV�VTGPF�VQYCTF�WPKV�DCUGF�FKURQUCN
TCVGU��YJKEJ�JCU�DTQWIJV�CDQWV�C�TGFWEVKQP�QH�IGPGTCVGF�YCUVG�YJGTG�KORNGOGPVGF��#NUQ��CU�QH
�����CV�NGCUV����5VCVGU�JCXG�RCUUGF�NCYU�OCPFCVKPI�VJCV�FKURQUCN�QH�VJGKT�OWPKEKRCN�YCUVG�UVTGCOU
DG�TGFWEGF�D[����RGTEGPV�QT�OQTG�D[�PQ�NCVGT�VJCP�VJG�[GCT������
)NGPP���������5WEJ�IQCNU�ECP
DG�OGV� VJTQWIJ� C� EQODKPCVKQP� QH� UQWTEG� TGFWEVKQP� CPF� TGE[ENKPI��6Q� VJG� GZVGPV� VJCV� UQWTEG
TGFWEVKQP�UVTCVGIKGU�CTG�UWEEGUUHWN��VJG[�YKNN�NKMGN[�CNVGT�VJG�DCUKE�TGNCVKQPUJKR�DGVYGGP�)&2�CPF
/59�SWCPVKV[��

+P�QTFGT�VQ�TGHNGEV�CPVKEKRCVGF�CPPWCN�TGFWEVKQPU�KP�VJG�SWCPVKV[�QH�/59�IGPGTCVGF�QP�CEEQWPV�QH
UQWTEG�TGFWEVKQP�GHHQTVU��VJG�SWCPVKV[�RTQLGEVGF�D[�VJG�/59�UWRRN[�GSWCVKQP�YKNN�DG�TGFWEGF�D[
CP�GZQIGPQWUN[�FGVGTOKPGF�UQWTEG�TGFWEVKQP�OWNVKRNKGT��6JKU�OWNVKRNKGT��54��YKNN�DG�DCUGF�KP�RCTV
QP� NGIKUNCVKQP� RCUUGF� QT� RTQRQUGF� VQ� RTQOQVG� UQWTEG� TGFWEVKQP�� %WTTGPVN[�� '+#� WUGU� GZRGTV
LWFIGOGPV�VQ�FGTKXG�VJG�54�RCTCOGVGT�VJCV�KU�EWTTGPVN[�WUGF�KP�VJG�/59�UWRRN[�GSWCVKQP�

Waste Stream Adjustment Factor

#U�OGPVKQPGF�GCTNKGT��VJG�DCUKE�TGITGUUKQP�VQ�FGXGNQR�EQGHHKEKGPVU�WUGU�VJG�'2#�FGHKPKVKQP�QH
/59��*QYGXGT��VJKU�FGHKPKVKQP�QOKVU�C�PQVCDNG�UGIOGPV�QH�VJG�YCUVG�UVTGCO�VJCV�KU�NKMGN[�VQ�DG
DWTPGF�QT�DWTKGF��#OQPI�QOKVVGF�OCVGTKCNU�CTG�VKTGU��EQPUVTWEVKQP�CPF�FGOQNKVKQP�FGDTKU��CPF
EGTVCKP�KPFWUVTKCN�OCVGTKCNU��#P�CFLWUVOGPV�����KU�EQORWVGF�CU�C�OWNVKRNKGT�QP�VJG�GSWCVKQP�VQ
TGRTGUGPV�VJG�KPENWUKQP�QH�VJGUG�KVGOU��6JG�XCNWG�HQT���KU�VJG�CXGTCIG�QH�VJG�KPETGOGPVCN�FKHHGTGPEGU
DGVYGGP�VJG�'2#�XCNWG�CPF�QPG�RTGUGPVGF�KP�CP�CPPWCN�UWTXG[�D[�$KQE[ENG�OCIC\KPG��6JG�XCNWG
CRRNKGU�VQ�CNN�TGIKQPU�VJG�UCOG��9JKNG�KVU�GORKTKECN�PCVWTG�KU�C�UVTGPIVJ��VJG�$KQE[ENG�XCNWG�KU
FGHKEKGPV�KP�VJCV�VJGTG�KU�C�NCEM�QH�SWCNKV[�EQPVTQN��GURGEKCNN[�KP�VJCV�VJG�FGHKPKVKQP�QH�/59�OC[
XCT[�D[�5VCVG�

Fraction of MSW Combusted

6JG�EQODWUVKQP�HTCEVKQPU�WUGF�KP�VJG�/59�5WDOQFWNG�TGHNGEV�C�OQFGUV�TGUWORVKQP�QH�VJG�WUG�QH
96'�HCEKNKVKGU�QXGT�VJG�NQPI�VGTO��%WTTGPVN[��VJG�KPFWUVT[�JCU�UNQYGF�VQ�C�PGCT�JCNV�CHVGT�C�DWTUV
QH�EQPUVTWEVKQP�CEVKXKV[�KP�VJG�OKF�����	U��6JGTG�CTG�UGXGTCN�HCEVQTU�FTKXKPI�VJG�EWTTGPV�UVCVWU�
(KTUV��VJGTG�EQPVKPWGU�VQ�DG�C�IGPGTCN�YCTKPGUU�QH�VJG�GPXKTQPOGPVCN�GHHGEVU�QH�VJG�VGEJPQNQI[�
JQYGXGT��VJG�KUUWG�QH�VJG�RTQRGT�JCPFNKPI�QH�CUJ�JCU�NCTIGN[�DGGP�TGUQNXGF��5GEQPF��VJGTG�JCU�DGGP
C�OQFGUV�QXGTDWKNFKPI�QH�NCPFHKNN�ECRCEKV[�CPF�YJKNG�VJGUG�PGY�NCPFHKNNU�OWUV�OGGV�VJG�TGXKUGF
4%4#�5WDVKVNG�&�TGIWNCVKQPU��VJGKT�NCTIG�UK\G�QHHGTU�GEQPQOKGU�QH�UECNG�VJCV�TGUWNV�KP�VKRRKPI�HGGU
EQOHQTVCDN[�DGNQY�VJCV�TGSWKTGF�CV�C�96'�WPKV��6JKTF��VJG�5WRTGOG�%QWTV�TWNKPI�TGUVTKEVKPI�VJG
WUG�QH� NQECN�HNQY�EQPVTQN�QTFKPCPEGU�JCU�OCFG� VJG�HKPCPEKCN�XKCDKNKV[�OWEJ�OQTG�TKUM[��5WEJ
QTFKPCPEGU� TGSWKTGF� CNN� YCUVG� HTQO� C� LWTKUFKEVKQP� VQ� IQ� VQ� C� FGUKIPCVGF� HCEKNKV[�� VJGTGD[
IWCTCPVGGKPI�C�UWRRN[�QH�YCUVG�CPF�HGGU��



Qn,y 
 QNAT�

y � PCCn � Fn � HCy � 2,000 � WNRPOPn

9%#/5'.
P�[



3
P�[

9*4/59.
P�[

� 9%(/5'.
P�[

� ����
� 6%.#0&(

[
� .(5*4

P

98%/5'.
P�[


 98% 	 /56+2204
P

30#6
�

[

30#6
�

[
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6JG� EWTTGPV� XCNWGU� HQT�RGTEGPV�QH�YCUVG� EQODWUVGF�CUUWOG�C�EQPUVCPV� UJCTG�QXGT� VJG�OQFGN
JQTK\QP���#�UNKIJV�ITQYVJ�KP�ECRCEKV[�TGUWNVU�CU�VJG�YCUVG�UVTGCO�EQPVKPWGU�VQ�ITQY�

7UKPI�VJG�YCUVG�UVTGCO� �KP�VJG�GSWCVKQP�
�$�����VJG�GPGTI[�WVKNK\GF�HQT�VJG�IGPGTCVKQP�QH
GNGEVTKEKV[�ECP�DG�FGVGTOKPGF�CU�

YJGTG�

3 � GPGTI[�WUGF�HQT�IGPGTCVKQP�QH�GNGEVTKEKV[�KP�TGIKQP�P�KP�[GCT�[��KP�=�� �$67?�P�[
�

� CFLWUVGF�PCVKQPCN�YCUVG�UVTGCO�KP�[GCT�[�KP�=�� �VQP?��

2%% � UJCTG�QH�VQVCN�/59�DWTPV�KP�TGIKQP�P��FKOGPUKQPNGUU�P

( � UJCTG� QH� DWTPV� /59� WUGF� HQT� IGPGTCVKQP� QH� GNGEVTKEKV[� KP� TGIKQP� P�P

FKOGPUKQPNGUU�
*% � JGCV�EQPVGPV�QH�/59�KP�[GCT�[��KP�=$67�ND?�[

904212 � UJCTG�QH�PCVKQPCN�RQRWNCVKQP�KP�TGIKQP�P��FKOGPUKQPNGUU�P

6JG�GNGEVTKEKV[�ECRCEKV[�KU�VJGP�EQORWVGF�CU�

YJGTG�

9%#/5'. � /59�GNGEVTKE�ECRCEKV[�KP�TGIKQP�P�KP�[GCT�[��KP�=/9?�P�[

9*4/5'. � JGCV�TCVG�KP�TGIKQP�P�KP�[GCT�[��KP�=$67�M9J?�P�[

9%(/5'. � ECRCEKV[�HCEVQT�HQT�/59�KPEKPGTCVQTU�KP�TGIKQP�P�KP�[GCT�[�P�[

FKOGPUKQPNGUU�
6%.#0&( � VQVCN�PCVKQPCN�GNGEVTKE�ECRCEKV[�HTQO�NCPFHKNN�ICU�KP�[GCT�[��KP�=/9?�[

.(5*4 � UJCTG�QH�VQVCN�NCPFHKNN�ECRCEKV[�NQECVGF�KP�TGIKQP�P�P

FKOGPUKQPNGUU�

6JG�GZQIGPQWU�XCTKCDNGU�QH�GSWCVKQPU��$�����$�����$����CPF��$���CTG�TGCF�KP�HTQO�VJG�KPRWV�HKNG
HOUYFCVI��

'SWCVKQP��$���ECNEWNCVGU�96'�HCEKNKV[�XCTKCDNG�QRGTCVKPI�EQUVU�

YJGTG�
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98%/5'. � 4(/�XCTKCDNG�QRGTCVKPI�EQUV�EQOOQP�DNQEM�XCTKCDNG�HQT�96'�HCEKNKVKGUP�[

KP�'//�TGIKQP�P�KP�[GCT�[�
98% � 8CTKCDNG�QRGTCVKQP���OCKPVGPCPEG�EQUV�KP�OKNNU�RGT�MKNQYCVVJQWT�
/56+2204 � 6KRRKPI�HGG�KP�OKNNU�M9J�HQT�C�96'�RNCPV�HQT�'//�TGIKQP�P�P
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Appendix 2-C:  Bibliography

$KQE[ENG��K6JG�5VCVG�QH�)CTDCIG�KP�#OGTKEC�L�#RTKN�CPF�/C[�KUUWGU������������

'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��6GEJPKECN�#UUGUUOGPV�)WKFG��'24+�64�������5��8QN�����4GX�
���2CNQ�#NVQ��%#��,WPG������

'PXKTQPOGPVCN� 2TQVGEVKQP� #IGPE[�� %QORKNCVKQP� QH� #KT� 2QNNWVCPV� 'OKUUKQP� (CEVQTU�� 8QN�� ��
5VCVKQPCT[�2QKPV�CPF�#TGC�5QWTEGU���VJ�GFKVKQP��5WRRNGOGPV�&��#2�����5GRVGODGT������
R��������

(TCPMNKP�#UUQEKCVGU�� �%JCTCEVGTK\CVKQP� QH�/WPKEKRCN� 5QNKF�9CUVG� KP� VJG�7PKVGF� 5VCVGU�� ����
7RFCVG���RTGRCTGF�HQT�VJG�'PXKTQPOGPVCN�2TQVGEVKQP�#IGPE[��/WPKEKRCN�CPF�+PFWUVTKCN
5QNKF�9CUVG�&KXKUKQP��1HHKEG�QH�5QNKF�9CUVG��0QXGODGT������

%WTNGG��4CPFCNN��6���L/59�2TQLGEVKQP�HQT�VJG�'+#������#PPWCN�'PGTI[�1WVNQQM��&TCHV�4GRQTV�L
1CM�4KFIG�0CVKQPCN�.CDQTCVQT[��RTGRCTGF�HQT�VJG�'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP�
#WIWUV������

%WTNGG��4CPFCNN��6���L2TQLGEVKQP�QH�'PGTI[�HTQO�%QODWUVKQP�QH�/WPKEKRCN�5QNKF�9CUVG�������
&1'�'+#� #'1�7RFCVG�L� 1CM� 4KFIG� 0CVKQPCN� .CDQTCVQT[�� RTGRCTGF� HQT� VJG� 'PGTI[
+PHQTOCVKQP�#FOKPKUVTCVKQP��,WN[������

)QXGTPOGPV�#FXKUQT[�#UUQEKCVGU��4GUQWTEG�4GEQXGT[�;GCTDQQM������'CUV���VJ�5VTGGV��0GY�;QTM�
0;�������

0CVKQPCN�5QNKF�9CUVG�/CPCIGOGPV�#UUQEKCVKQP���6JG������/WPKEKRCN�9CUVG�%QODWUVKQP�)WKFG��
9CUVG�#IG���
�����RR����������0QXGODGT������

0CVKQPCN�5QNKF�9CUVG�/CPCIGOGPV�#UUQEKCVKQP��������.CPFHKNN�6KRRKPI�(GG�5WTXG[���9CUJKPIVQP�
&%�

1CM�4KFIG�0CVKQPCN�.CDQTCVQT[���&CVC�CPF�5QWTEGU��$KQOCUU�5WRRN[�&TCHV�4GRQTV���RTGRCTGF�HQT
'+#�WPFGT�%QPVTCEV�0Q��&'�#%�����14�������1CM�4KFIG��60��,WPG�����������R��������

1HHKEG�QH�6GEJPQNQI[�#UUGUUOGPV��(CEKPI�#OGTKEC	U�6TCUJ�� �9JCV�0GZV� HQT�/WPKEKRCN�5QNKF
9CUVG!��%QPITGUU�QH�VJG�7PKVGF�5VCVGU��7�5��)QXGTPOGPV�2TKPVKPI�1HHKEG��9CUJKPIVQP�
&%��1EVQDGT�������

5EKGPEG�#RRNKECVKQPU�+PVGTPCVKQPCN�%QTRQTCVKQP��/E.GCP��8#���7RFCVGF�'UVKOCVGU�QH�/GVJCPG
'OKUUKQPU�HTQO�7�5��.CPFHKNNU�L�
/E.GCP��8#��,WPG�������
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5'4+��L6JG�2QVGPVKCN�QH�4GPGYCDNG�'PGTI[�L� CP� +PVGTNCDQTCVQT[�9JKVG�2CRGT��5QNCT�'PGTI[
4GUGCTEJ�+PUVKVWVG�CPF�QVJGT�NCDQTCVQTKGU��5'4+�62�����������)QNFGP�%QNQTCFQ��/CTEJ
�����

-NCUU��K6JG�7�5��$KQHWGNU�+PFWUVT[�L�'PGTI[�HTQO�$KQOCUU�CPF�9CUVGU�:+8�L�+PUVKVWVG�QH�)CU
6GEJPQNQI[��%JKECIQ��+N��RI������������

9CUVG�#IG���6JG������/WPKEKRCN�9CUVG�%QODWUVKQP�)WKFG���0QXGODGT������
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Appendix 2-D:  Model Abstract

Model Name:
/WPKEKRCN�5QNKF�9CUVG�5WDOQFWNG

Model Acronym:
/59

Description:
6JG�UWDOQFWNG�WUGU�VJG�SWCPVKV[�QH�OWPKEKRCN�UQNKF�YCUVG�RTQFWEGF�
FGTKXGF�GEQPQOGVTKECNN[��
VJG�JGCVKPI�XCNWG�QH�/59��CPF�HQTGECUVGF�UJCTGU�QH�/59�EQODWUVGF�HQT�GPGTI[�TGEQXGT[�VQ
RTQFWEG�HQTGECUVU�QH�VJG�RTQFWEVKQP�QH�GNGEVTKEKV[��RTQLGEVKQPU�QH�GNGEVTKEKV[�HTQO�NCPFHKNN�ICU�CTG
CFFGF��(QTGECUVU�CTG�FKUCIITGICVGF�D[�TGIKQP�

Purpose of the Model:
6JG�/59�5WDOQFWNG� RTQXKFGU� VJG�0'/5�'NGEVTKEKV[�/CTMGV�/QFWNG�YKVJ� CPPWCN� TGIKQPCN
RTQLGEVKQPU�QH�GPGTI[�RTQFWEGF�HTQO�VJG�KPEKPGTCVKQP�QH�OWPKEKRCN�UQNKF�YCUVG�CPF�HTQO�NCPFHKNN
ICU��6JG� UWDOQFWNG�RTQXKFGU� TGIKQPCN� HQTGECUVU�QH� GNGEVTKE� ECRCEKV[� VQ�DG�FGETGOGPVGF� HTQO
GNGEVTKE�WVKNKV[�ECRCEKV[�TGSWKTGOGPVU��CU�YGNN�CU�ECRKVCN�CPF�QRGTCVKPI�EQUVU�HQT�VJG�ECNEWNCVKQP�QH
GNGEVTKEKV[�RTKEGU�

Most Recent Model Update:
1EVQDGT������

Part of Another Model?:
6JG�/59�UWDOQFWNG�KU�C�EQORQPGPV�QH�VJG�4GPGYCDNG�(WGNU�/QFWNG�
4(/��QH�VJG�0CVKQPCN
'PGTI[�/QFGNKPI�5[UVGO�
0'/5��

Official Model Representative:
4QIGT�&KGFTKEJ
%QCN��7TCPKWO��CPF�4GPGYCDNG�(WGNU�#PCN[UKU�$TCPEJ
'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP
2JQPG���
�������������

Documentation:
/QFGN�&QEWOGPVCVKQP�4GRQTV��4GPGYCDNG�(WGNU�/QFWNG�QH�VJG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO�
,CPWCT[������

Archive Media and Installation Manual(s):
#TEJKXGF�CU�RCTV�QH�VJG�0'/5�RTQFWEVKQP�TWPU�
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Energy System Described:
$[RTQFWEV�GPGTI[�RTQFWEVKQP�CPF�EQPUWORVKQP�HTQO�VJG�EQODWUVKQP�QH�OWPKEKRCN�UQNKF�YCUVG�

Coverage:

� )GQITCRJKE��6JKTVGGP�OQFKHKGF�'//�TGIKQPU�

� 6KOG�7PKV�(TGSWGPE[��#PPWCN�������VJTQWIJ�����
�
� 2TQFWEVU��IGPGTCVKPI�ECRCEKV[

�
� 'EQPQOKE�5GEVQTU��GNGEVTKE�WVKNKV[�UGEVQT

Modeling Features:
�
� /QFGN� 5VTWEVWTG�� �5GSWGPVKCN� ECNEWNCVKQP�QH� HQTGECUVGF�PCVKQPCN�OWPKEKRCN� UQNKF�YCUVG


/59��IGPGTCVKQP��HQNNQYGF�D[�FGTKXCVKQP�QH�TGIKQPCN�CPF�UGEVQT�GPGTI[�UJCTGU�DCUGF�QP
GUVKOCVGU�QH�VJG�RGTEGPVCIG�QH�/59�EQODWUVGF�

� /QFGNKPI� 6GEJPKSWG�� � 'EQPQOGVTKE� GUVKOCVKQP� QH� OWPKEKRCN� UQNKF� YCUVG� IGPGTCVKQP�
EQWRNGF�YKVJ�CP�GPGTI[�UJCTG�CNNQECVKQP�CNIQTKVJO�HQT�FGTKXKPI�GNGEVTKE�IGPGTCVKQP�ECRCEKV[
CPF�GPGTI[�SWCPVKVKGU�D[�UGEVQT�CPF�TGIKQP�

� 5RGEKCN�(GCVWTGU���#NNQYU�HQT�VJG�OQFGNKPI�QH�TGIKQPCN�CPF�PCVKQPCN�TGUQWTEG�TGEQXGT[
GHHQTVU�

Non-DOE Input Sources:

(TCPMNKP�#UUQEKCVGU��FCVC�RTGRCTGF�HQT�VJG�'PXKTQPOGPVCN�2TQVGEVKQP�#IGPE[�

� 0CVKQPCN�CPPWCN�SWCPVKV[�QH�OWPKEKRCN�UQNKF�YCUVG�IGPGTCVGF

� %WTTGPV�CPPWCN�RGTEGPVCIGU�QH�OWPKEKRCN�UQNKF�YCUVG�EQODWUVGF�CPF�NCPFHKNNGF

)QXGTPOGPV�#FXKUQT[�#UUQEKCVGU��4GUQWTEG�4GEQXGT[�;GCTDQQM�CPF�4GUQWTEG�4GEQXGT[�&CVCDCUG�

� 2NCPV�URGEKHKE�GNGEVTKEKV[�IGPGTCVKQP��$VW�GPGTI[�EQPVGPV�QH�/59

� 2NCPV�NQECVKQPU�CPF�GPGTI[�EQPUWOKPI�UGEVQTU

'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��6#)�6GEJPKECN�#UUGUUOGPV�)WKFG�

� %CRKVCN�EQUV��HKZGF�CPF�XCTKCDNG�QRGTCVKQP���OCKPVGPCPEG�EQUVU�
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� 2NCPV�ECRCEKV[�HCEVQT

DOE Input Sources:

5QWTEG�TGFWEVKQP�HCEVQT

9CUVG�UVTGCO�CFLWUVOGPV�HCEVQT

.CPFHKNN�ICU�HWGNGF�ECRCEKV[

2TQLGEVGF�UJCTGU�QH�/59�EQODWUVGF�CPF�NCPFHKNNGF

*GCV�EQPVGPV�QH�/59

%WTTGPV�ECRCEKVKGU�HQT�/59�CPF�NCPFHKNN�ICU�HWGNGF�WPKVU

Computing Environment:

� *CTFYCTG�7UGF���+$/�45�����

� 1RGTCVKPI�5[UVGO��WPKZ

� .CPIWCIG�5QHVYCTG�WUGF���85�(1464#0��8GT������

Independent Expert Reviews Conducted:
0QPG�

Status of Evaluation Efforts by Sponsor:
0QPG�
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Appendix 2-E:  Data Quality and Estimation Processes

6JKU�#RRGPFKZ�FKUEWUUGU� VJG�SWCNKV[�QH� VJG�RTKPEKRCN�UQWTEGU�QH� KPRWV�FCVC�WUGF� KP� VJG�/59
5WDOQFWNG��CNQPI�YKVJ�C�FKUEWUUKQP�QH�WUGT�FGHKPGF�RCTCOGVGTU�CPF�IWKFGNKPGU�WUGF�VQ�UGNGEV�VJGO�

#�RTKPEKRCN�FTKXGT�QH�VJG�/59�RTQLGEVKQP�KU�VJG�GUVKOCVKQP�QH�VJG�RTQLGEVGF�YCUVG�UVTGCO��6JKU�KU
FQPG�KP�C�UVGRYKUG�HCUJKQP�DGIKPPKPI�YKVJ�'2#�FCVC�CPF�UWRRNGOGPVGF�YKVJ�FCVC�HTQO�$KQE[ENG�
'2#�FCVC�CTG�DCUGF�QP�KP�FGRVJ�CPCN[UKU��DWV�CTG�FGHKPGF�PCTTQYN[��JQYGXGT��VJG�FCVC�JCXG�VJG
CFXCPVCIG� QH� C� NGPIVJ[� UGTKGU��6JG�FCVC�YGTG�EQTTGNCVGF� VQ�)&2�CPF�RQRWNCVKQP�FCVC��5KPEG
EQPUKFGTCDNG�OCVGTKCN�QWVUKFG�VJCV�FGHKPKVKQP�FQGU�CPF�YKNN�DG�FKURQUGF�KP�EQODWUVGTU�CPF�NCPFHKNNU�
VJG�'2#�XCNWG�YCU�HCEVQTGF�WR�VQ�C�NGXGN�TGRTGUGPVGF�D[�$KQE[ENGIU�UWTXG[�FCVC��6JG�YGCMPGUU�QH
VJKU�FCVC�KU�VJCV�VJG�KPFKXKFWCN�5VCVGU�TGRQTVKPI�YQWNF�DG�WUKPI�XCT[KPI�FGHKPKVKQPU�QH�/59��CPF
VJG�XKPVCIG�QH�VJG�FCVC�UGTKGU�XCTKGU�UQOGYJCV��6JG�UQWTEG�TGFWEVKQP�XCNWG�KU�GUVKOCVGF�DCUGF�QP
TGCFKPIU�QH�/59�NKVGTCVWTG�CPF�CNVJQWIJ�VJG�RTGEKUG�NGXGN�KU�LWFIOGPVCN��KV�KU�FGGOGF�KORQTVCPV
VQ�KPENWFG�

%QPXGTUKQP� QH� VJG�YCUVG� UVTGCO� VQ� GPGTI[� VCMGU� UGXGTCN� UVGRU�� DGIKPPKPI�YKVJ� FKXKUKQP� KPVQ
OCPCIGOGPV�OGVJQFU��CP�GZVTCRQNCVKQP�QH�EWTTGPV�UJCTGU��6JG�UJCTG�VQ�DG�DWTPGF�KP�C�96'�RNCPV
KU�TGFWEGF�VQ�TGHNGEV�VJG�RQTVKQP�WUGF�VQ�RTQFWEG�FKTGEV�JGCV��6JKU�KU�DCUGF�QP�GZKUVKPI�'+#�UWTXG[
FCVC�EQPVCKPGF�KP�VJG�RNCPV�HKNG��6JG�JGCV�EQPVGPV�KU�FGTKXGF�HTQO�VJG�NKVGTCVWTG�DWV�KU�C�HCKTN[�UVCDNG
XCNWG��&KUVTKDWVKQP�VQ�OQFGN�TGIKQPU�KU�FQPG�CEEQTFKPI�VQ�RQRWNCVKQP�YJKEJ�YCU�GUVKOCVGF�HTQO
5VCVG�NGXGN�EGPUWU�FCVC�

%QPXGTUKQP�QH�VJG�GPGTI[�XCNWGU�VQ�ECRCEKV[�YCU�RGTHQTOGF�D[�CRRN[KPI�JGCV�TCVGU��YJKEJ�CTG
MPQYP�HTQO�EWTTGPV�WPKVU�CPF�EQPVCKPGF�KP�VJG�'+#�FCVC��CPF�C�ECRCEKV[�HCEVQT�YJKEJ�KU�GUVKOCVGF
PCVKQPCNN[�CPF�WUGF�HQT�CNN�WPKVU�

6JG�RQTVKQP�QH�ECRCEKV[�VJCV�YCU�RTQLGEVGF�HTQO�VJG�NCPFHKNNGF�UJCTG�QH�VJG�YCUVG�KU�GUVKOCVGF�KP
C�UGRCTCVG�URTGCFUJGGV��6JGTG�KU�C�UQOGYJCV�UKOKNCT�UVGRYKUG�RTQEGUU�HQT�FGTKXKPI�GPGTI[�CPF
JGPEG��ECRCEKV[�HQT�VJKU�UJCTG��6JG�MG[�KU�VJG�HQTOWNCG�HQT�EQORWVKPI�ICU�[KGNF�HTQO�GZKUVKPI�CPF
HWVWTG�NCPFHKNNGF�/59�QXGT�VJGKT�NKHGVKOGU��6JGUG�JCXG�DGGP�FGXGNQRGF�HTQO�'2#�TGUGCTEJ�TGRQTVU
CPF�CTG�CUUWOGF�VQ�TGOCKP�XCNKF�VJTQWIJQWV�VJG�HQTGECUV�TGIKQP��6JG�EQPXGTUKQP�QH�VJG�TGUWNVKPI
ICU�GPGTI[�VQ�IGPGTCVG�ECRCEKV[�KU�UKOKNCT�VQ�VJG�CRRTQCEJ�HQT�EQODWUVGTU��#�MG[�CUUWORVKQP�KU�VJG
KPETGCUG�KP�VJG�RGTEGPV�QH�ICU�ECRVWTGF�HTQO�CDQWV����RGTEGPV�KP������VQ�CDQWV����RGTEGPV�D[������
6JKU�KU�EQPUKUVGPV�YKVJ�VJG�IQCNU�QH�CP�'2#�RTQITCO�VQ�TGFWEG�OGVJCPG�GOKUUKQPU�
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 3.  Wind Energy Submodule (WES)

Model Purpose

6JG�9KPF�'PGTI[�5WDOQFWNG�
9'5��EQPVCKPU�KPHQTOCVKQP�QP�7�5��TGIKQPCN�YKPF�GPGTI[�TGUQWTEGU

CPF�RTQXKFGU�GUVKOCVGU�QH�YKPF�UWRRNKGU�D[�TGIKQP�CPF�EQUV�ECVGIQT[�VQ�VJG�'NGEVTKEKV[�%CRCEKV[

2NCPPKPI�
'%2��EQORQPGPV�QH�VJG�'NGEVTKEKV[�/CTMGV�/QFWNG�
'//���9'5�SWCPVKHKGU�TGIKQPCN

YKPF� UWRRNKGU� D[� FKHHGTGPEGU� KP� 
��� CXGTCIG� YKPF� URGGF�� CPF� 
��� FKUVCPEGU� HTQO� GZKUVKPI

VTCPUOKUUKQP�NKPGU�

)GPGTCN�VGEJPQNQI[�XCNWGU���UWEJ�CU�QXGTPKIJV�ECRKVCN�EQUV��HKZGF�QRGTCVKQPU�CPF�OCKPVGPCPEG

EQUVU��TGPGYCDNG�GPGTI[�RTQFWEVKQP�KPEGPVKXGU�WPFGT�'2#%6��EQPUVTWEVKQP�RTQHKNGU��CPF�QRVKOKUO

CPF�NGCTPKPI�EJCTCEVGTKUVKEU���CTG�KPRWV�FKTGEVN[�HTQO�VJG�'%2&#6�HKNG�KP�VJG�'//�

6JG�EQODKPCVKQP�QH�YKPF�UWRRNKGU�CPF�VGEJPQNQI[�EQUVU�[KGNFU�TGIKQPCN�YKPF�VGEJPQNQI[�EQUV

UWRRN[�KPHQTOCVKQP�VQ�VJG�'//�

1PN[�ITKF�EQPPGEVGF�EGPVTCN�UVCVKQP�
���OGICYCVV�UECNG��YKPF�RNCPVU�CTG�EQPUKFGTGF��2TQLGEVKQPU

CTG�DCUGF�QP�VJG�RGTHQTOCPEG�QH�C�FGHKPGF��EWTTGPVN[�QRGTCVKQPCN�JQTK\QPVCN�YKPF�VWTDKPG��VJG�<QPF

<��������MKNQYCVV��JQTK\QPVCN�CZKU�YKPF�VWTDKPG�
*#96��

#HVGT�EQPXGTIGPEG��VJG�'//�RTQXKFGU�VJG�9'5�KPHQTOCVKQP�QP�KPUVCNNGF�YKPF�ECRCEKV[��9'5�VJGP

ECNEWNCVGU�VJG�TGOCKPKPI�YKPF�TGUQWTEGU�CXCKNCDNG�HQT�HWVWTG�KPUVCNNCVKQPU�

Relationship of the Wind Submodule to Other Models

#U�C�UWDOQFWNG�QH�VJG�4(/��9'5�RTQXKFGU�KVU�QWVRWV�VJTQWIJ��CPF�TGEGKXGU�FCVC�VJTQWIJ��VJG

4(/��9'5�KU�KPKVKCVGF�D[�C�ECNN�HTQO�VJG�4(/��6JG�4(/�VJGP�RTQXKFGU�KPRWV�VQ�CPF�TGEGKXGU

FCVC�HTQO�VJG�'//�

6JG�9'5�OQFGN�ECNEWNCVGU�XCNWGU�HQT�VYQ�XCTKCDNG�CTTC[U��YJKEJ�CTG�VJGP�RCUUGF�VQ�VJG�'//�HQT

HWTVJGT� RTQEGUUKPI�� 6JG� ECNEWNCVGF� CTTC[U� CTG� 
��� [GCTN[� CXCKNCDNG� ECRCEKV[� RGT� TGIKQP�� CPF


���[GCTN[�ECRCEKV[�HCEVQTU�HQT�GCEJ�YKPF�ENCUU��TGIKQP��CPF�UWDRGTKQF�
K�G����UNKEG��QH�VJG�NQCF

FWTCVKQP�EWTXG���6JG� HKTUV� CTTC[� KU� ECNEWNCVGF� HTQO� VJG�CXCKNCDNG� NCPF�CTGC�XGTUWU�YKPF�ENCUU


CXGTCIG�URGGF��DKPU����VJG�GPGTI[�RGT�WPKV�UYGRV�TQVQT�CTGC��CPF�VJG�CPPWCN�ECRCEKV[�HCEVQT��6JG

UGEQPF�CTTC[�KU�ECNEWNCVGF�HTQO�VJG�UWDRGTKQF�GPGTI[�RGTEGPVCIGU�CPF�UWDRGTKQF�FGHKPKVKQPU��#NN

QVJGT�KPRWV�FCVC��UWEJ�CU�GEQPQOKE�NKHG��EQPUVTWEVKQP�RTQHKNG��HKZGF�QRGTCVKQP�CPF�OCKPVGPCPEG

EQUVU�� VJG�HQTEGF�QWVCIG�TCVG��CPF�QVJGT�XCNWGU��CTG�RCUUGF�FKTGEVN[� VQ� VJG�'//��6JG�OQFGN

IGPGTCVGU�C�UWRRN[�EWTXG�YKVJ�C�UVTCKIJVHQTYCTF�
FGVGTOKPKUVKE��ECNEWNCVKQP�HTQO�YKPF�VWTDKPG

RGTHQTOCPEG�RTQLGEVKQPU��6JG�WPEGTVCKPVKGU�KP�VJG�TGUWNVU�CTG�TGNCVGF�VQ�VJG�VGEJPQNQIKECN�EQUV�CPF

RGTHQTOCPEG�RTQLGEVKQPU�CPF�VJG�CUUWORVKQPU�CDQWV�VJG�CXCKNCDKNKV[�QH�YKPF�



40 Energy Information Administration/NEMS Renewable Fuel Module Documentation Report—Wind

Modeling Rationale

Theoretical Approach

9KPF� TGUQWTEGU� CTG� PQV� C� WPKHQTO� UWRRN[� HQT� WUG� KP� GNGEVTKEKV[� IGPGTCVKQP�� 9KPFU� XCT[

IGQITCRJKECNN[� CPF� VGORQTCNN[� 
D[� JQWT� QH� VJG� FC[� CPF� UGCUQP��� FKHHGT� KP� FKUVCPEG� HTQO

VTCPUOKUUKQP�NKPGU��CPF�OC[�DG�RTGENWFGF�HTQO�WUG�HQT�GPXKTQPOGPVCN�QT�QVJGT�GEQPQOKE�TGCUQPU�

6JG�RWTRQUG�QH�VJG�9KPF�'PGTI[�5WDOQFWNG�
9'5��KU�VQ�CEEQWPV�HQT�GHHGEVU�QH�VJGUG�XCTKCDNGU�QP

YKPF� UWRRN[� D[� GUVKOCVKPI� VJG� SWCPVKVKGU� 
OGICYCVVU�� QH� YKPF� ECRCEKV[� CXCKNCDNG� HQT� PGY

IGPGTCVKPI�ECRCEKV[�KP�GCEJ�TGIKQP�KP�GCEJ�YKPF�SWCNKV[�ECVGIQT[��9KPFU�CTG�FGHKPGF�KP�VJG�9'5

D[�YKPF�RQYGT�ENCUU�CPF�D[�RTQZKOKV[�VQ�RQYGT�VTCPUOKUUKQP�NKPGU��

6JG�UWDOQFWNG�DGIKPU�YKVJ�GUVKOCVGU�QH�NCPF�CTGC�GZJKDKVKPI�URGEKHKGF�TCPIGU�QH�CXGTCIG�CPPWCN

YKPF�URGGF��+V�WUGU�VJG�OQFGTCVG�GZENWUKQP�UEGPCTKQ��YJKEJ�GZENWFGU�NCPFU�CUUWOGF�RTQJKDKVGF�HQT

QVJGT�WUGU��KV�HWTVJGT�FKHHGTGPVKCVGU�VJG�CTGCU�D[�CXGTCIG�FKUVCPEGU�HTQO�VTCPUOKUUKQP�NKPGU��CPF

HKPCNN[�GUVKOCVGU�VJG�SWCPVKVKGU�QH�IGPGTCVKPI�ECRCEKV[�TGOCKPKPI�CXCKNCDNG�KP�GCEJ�HQTGECUV�[GCT�KP

GCEJ�YKPF�SWCNKV[�FKUVCPEG�ECVGIQT[��(QT�WUG� KP�ECNEWNCVKPI�GHHKEKGPEKGU�CPF�EQUVU��9'5�CNUQ

OCKPVCKPU�FCVC�QP�TGIKQPCN�CXGTCIG�ECRCEKV[�HCEVQTU�D[�'//�NQCF�RGTKQFU�

*CXKPI� GUVKOCVGF� CXCKNCDNG� OGICYCVVU� TGIKQPCN� ECRCEKV[�� VJG� '//� WUGU� IGPGTCN� EQUV� CPF

RGTHQTOCPEG�XCNWGU�KP�'%2&#6�CPF�TGIKQPCN�ECRCEKV[�HCEVQT�XCNWGU�HQT�VJG�'//�NQCF�RGTKQFU

VQ�ECNEWNCVG�VJG�PGV�RTGUGPV�XCNWG�QH�VJG�YKPF�VGEJPQNQI[�QXGT�KVU����[GCT�NKHG�

5WDUVCPVKCN�EQOOGTEKCN�YKPF�KPUVCNNCVKQPU�JCXG�GZKUVGF�UKPEG�VJG�GCTN[�����	U��%QWPVU�QH�VJGUG�RTG�

GZKUVKPI�KPUVCNNCVKQPU�CTG�WUGF�VQ�CFLWUV�HKIWTGU�QP�CXCKNCDNG�YKPF[�NCPF�CV�VJG�DGIKPPKPI�QH�VJG

0'/5�OQFGN�TWP��6JG�9'5�VTCEMU�VJG�SWCPVKV[�QH�YKPF[�NCPF�TGOCKPKPI�D[�YKPF�ENCUU�CPF�\QPG

VJCV�KU�CXCKNCDNG�HQT�HWVWTG�FGXGNQROGPV�CHVGT�GCEJ�TWP�[GCT�D[�ECNEWNCVKPI�VJG�COQWPV�QH�TGUQWTEG

TGSWKTGF�VQ�RTQXKFG�C�IKXGP�COQWPV�QH�YKPF�KPUVCNNGF�ECRCEKV[�CPF�UWDVTCEVKPI�VJCV�COQWPV�HTQO

VJG�VQVCN�TGUQWTEG�CXCKNCDNG��6JKU�CUUWOGU�VJCV�VJG�DGUV�GEQPQOKE�TGUQWTEG�
K�G��JKIJGUV�CXGTCIG

YKPF�URGGF�CPF�ENQUGUV�RTQZKOKV[�VQ�VJG�GNGEVTKE�ITKF��KU�WUGF�HKTUV��6JG�COQWPV�QH�TGUQWTEG�WUGF

KU�VJGP�UWDVTCEVGF�HTQO�VJG�RTGXKQWU�[GCT	U�CXCKNCDNG�COQWPV�VQ�[KGNF�VJG�EWTTGPV�[GCT	U�CXCKNCDNG

YKPF[�NCPF��6JG�YKPF�TGUQWTEG�FGRNGVKQP�UEJGOG�WUGU�VJG�NCPF�CTGC�YKVJ�VJG�JKIJGUV�SWCNKV[�YKPF

ENCUU�KP�CNN�\QPGU�DGIKPPKPI�YKVJ�VJG�QPG�ENQUGUV�VQ�VJG�VTCPUOKUUKQP�NKPGU�CPF�VJGP�GZRCPFKPI�VQ

VJG�OQTG�FKUVCPV�\QPGU�DGHQTG�WUKPI�VJG�PGZV�NQYGT�SWCNKV[�YKPF�TGUQWTEG�

Fundamental Assumptions

WES Wind Capacity Projections

6JG�'//�TGSWKTGU�ECRCEKV[��RGTHQTOCPEG��CPF�EQUV�FCVC�D[�'//�TGIKQP��1XGTCNN�VGEJPQNQI[�EQUV

CPF�RGTHQTOCPEG�CUUWORVKQPU��UWEJ�CU�QXGTPKIJV�ECRKVCN�EQUV��EQPUVTWEVKQP�RTQHKNG��HKZGF�QRGTCVKQPU

CPF�OCKPVGPCPEG�EQUVU��UWDUKFKGU�
G�I��TGPGYCDNG�GPGTI[�RTQFWEVKQP�KPEGPVKXG�WPFGT�'2#%6��

QRVKOKUO�CPF�NGCTPKPI�EJCTCEVGTKUVKEU��CPF�QVJGT�CUUWORVKQPU�CRRNKECDNG�VQ�CNN�TGIKQPU�TGUKFG�KP�VJG
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'%2&#6�HKNG�QH�VJG�'//�CPF�PQV�KP�VJG�9'5��8CNWGU�YJKEJ�XCT[�D[�TGIKQP�CPF�EQPVTKDWVG�VQ

FKHHGTGPEGU�KP�IGPGTCVKPI�EQUVU�CPF�RGTHQTOCPEG��CNQPI�YKVJ�VJG�UVGRU�PGEGUUCT[�KP�ECNEWNCVKPI

QXGTCNN�EQUV�FKHHGTGPEGU�HQT�ECRCEKV[�FGEKUKQPU�KP�'//�CTG�HQWPF�KP�VJG�9'5��#U�KP�VJG�'//�

XCNWGU�CTG�RTQXKFGF�HQT����'//�TGIKQPU�GZENWFKPI�#NCUMC�CPF�*CYCKK��9'5�CNUQ�EQPVCKPU��

FKUVKPEV�ECRCEKV[�HCEVQTU�HQT�GCEJ�'//�TGIKQP��EQXGTKPI� VJTGG�UGCUQPU�
YKPVGT��UWOOGT��CPF

URTKPI�HCNN��CPF�VJTGG�VKOG�QH�FC[�RGTKQFU�
GCTN[�OQTPKPI��OQTPKPI�CPF�GXGPKPI��CPF�RGCM��

6JG�9'5�UWDOQFWNG�EQPXGTVU�GUVKOCVGU�QH�YKPF�UWRRN[�KP�GCEJ�'//�TGIKQP�VQ�GUVKOCVGU�QH

CXCKNCDNG�ECRCEKV[�D[�SWCNKV[�ITQWR�KP�VJG�HQNNQYKPI�OCPPGT�

(KTUV��VJG�9'56'%*�HKNG�KP�9'5�EQPVCKPU�GUVKOCVGU�QH�YKPF[�NCPF�CTGC�
USWCTG�MKNQOGVGTU��KP

GCEJ�'//�TGIKQP�D[�YKPF�ENCUU��CNN�GUVKOCVGF�CV�C�JGKIJV�QH����OGVGTU�

9'5�9KPF�%NCUU #XGTCIG�#PPWCN�9KPF�5RGGF�
ORJ�

%NCUU��� #DQXG������ORJ

%NCUU�� �������������ORJ

%NCUU�� �������������ORJ

6JG�NCPF�CTGC�CXCKNCDNG�HQT�YKPF�RNCPV�FGXGNQROGPV�JCU�DGGP�GZVTCEVGF�HTQO�FCVC�RTQFWEGF�CV

$CVVGNNG�2CEKHKE�0QTVJYGUV�.CDQTCVQT[�
20.��KP�UWRRQTV�QH�&1'	U�0CVKQPCN�'PGTI[�5VTCVGI[��+P

RTQFWEKPI�VJG�9KPF�'PGTI[�4GUQWTEG�#VNCU��20.�UVCHH�CVVGORVGF�VQ�CEEQWPV�HQT�XCTKCVKQPU�KP�UWEJ

HCEVQTU�CU�CPGOQOGVGT�JGKIJV�CPF�RNCEGOGPV�VJTQWIJ�OGCUWTGU�UWEJ�CU�OCMKPI�FGVGTOKPCVKQPU

TGICTFKPI�VJG�XCNKFKV[�QH�FCVC�CPF�GZVTCRQNCVKPI�VJG�YKPF�URGGFU�VQ�C�UVCPFCTF�JGKIJV��

20.�FGXGNQRGF�VJGKT�CTGC�CUUGUUOGPVU�QH�CXCKNCDNG�TGUQWTEGU�D[�DTGCMKPI�FQYP�VJGKT�YKPF�TGUQWTEG

OCRU�KPVQ�QPG�VJKTF�FGITGG�NQPIKVWFG�D[�QPG�SWCTVGT�FGITGG�NCVKVWFG�ITKFU��6JGUG�ITKF�EGNNU�HQTOGF

VJG�DCUKE�WPKV�HQT�YJKEJ�YKPF�RQYGT�CPF�NCPF�CXCKNCDKNKV[�YGTG�GUVKOCVGF��$GECWUG�QH�TGUQNWVKQP

NKOKVCVKQPU��FGVCKNU�QH�YKPF�TGUQWTEG�YGTG�NQUV��RCTVKEWNCTN[�KP�OQWPVCKPQWU�CPF�EQCUVCN�CTGCU��5KPEG

YKPF�URGGF�GUVKOCVGU�KP�OQWPVCKPQWU�TGIKQPU�CRRN[�QPN[�VQ�VJQUG�CTGCU�HTGG�QH�QDUVTWEVKQPU��QPN[

C�HTCEVKQP�QH�VJG�CTGCU�UJQYP�KP�VJG�#VNCU�CTG�CEVWCNN[�CXCKNCDNG�HQT�FGXGNQROGPV��6JGUG�HTCEVKQPU

YGTG�GUVKOCVGF�D[�20.�YJGP�RTQFWEKPI�CTGCN�GUVKOCVGU�

20.�FGXGNQRGF�UEGPCTKQU�EQXGTKPI�C�TCPIG�QH�NCPF�GZENWUKQP�COQWPVU��6JG�9'5�KPRWV�FCVC�CTG

DCUGF�QP�VJG��OQFGTCVG��GZENWUKQP�UEGPCTKQ��YJKEJ�GZENWFGU�CNN�GPXKTQPOGPVCNN[�RTQVGEVGF�NCPFU


UWEJ�CU�RCTMU�CPF�YKNFGTPGUU�CTGCU���CNN�WTDCP�NCPFU��CNN�YGVNCPFU�����RGTEGPV�QH�HQTGUV�NCPFU����

RGTEGPV�QH�CITKEWNVWTCN�NCPFU��CPF����RGTEGPV�QH�TCPIG�CPF�DCTTGP�NCPFU�

5GEQPF��YKPF[�NCPF�CTGCU�CTG�HWTVJGT�FKUCIITGICVGF���QT�GNKOKPCVGF���D[�FKUVCPEG�HTQO�GZKUVKPI

VTCPUOKUUKQP����M8�QT����M8�VTCPUOKUUKQP�NKPGU�
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<QPG .CPF�&KUVCPEG�HTQO�6TCPUOKUUKQP�.KPG�
OKNGU�

���� �����������OKNGU

���� ����������OKNGU

���� ����������OKNGU

+P�GHHGEV��EQTTKFQTU�QH���������CPF����OKNGU�CTG�GUVCDNKUJGF�EGPVGTGF�YKVJ�GZKUVKPI�VTCPUOKUUKQP

NKPGU��

#U�C�TGUWNV��GNKIKDNG�YKPF�CTGCU�KP�GCEJ�'//�TGIKQP�CTG�FKUVTKDWVGF�COQPI���YKPF�URGGF�CPF

FKUVCPEG� ECVGIQTKGU�� $GECWUG� PGY� VTCPUOKUUKQP� NKPGU� CTG� CUUWOGF� PGEGUUCT[� EQPPGEVKPI� PGY

IGPGTCVKPI� ECRCEKV[� VQ� VJG� NKPGU��9'5� KORQUGU� KPETGCUKPI� EQUVU� HQT� PGY� ECRCEKV[� CV� ITGCVGT

FKUVCPEGU��YKVJ�CUUWOGF�CXGTCIG�FKUVCPEGU�HTQO�GZKUVKPI�NKPGU�QH���������CPF����OKNGU�

6JKTF��9'5�UWDTQWVKPG�%#./9#�EQPXGTVU�YKPF[�NCPF�CTGCU�
USWCTG�MKNQOGVGTU��VQ�GUVKOCVGU�QH

YKPF�GPGTI[�
MKNQYCVVJQWTU�USWCTG�OGVGT��D[�GUVKOCVKPI�VJG�PWODGT�QH�YKPF�VWTDKPGU�VQ�DG�RNCEGF

RGT�WPKV� CTGC�CPF�VJG�GPGTI[�ECRVWTG�QH�GCEJ� VWTDKPG��(QT�#'1����'+#�CUUWOGU�CP�CTTC[�QH

EQPVGORQTCT[�JQTK\QPVCN�CZKU�YKPF�VWTDKPGU��VJG�<QPF�<�����URCEGF���TQVQT�FKCOGVGTU�DGVYGGP

VWTDKPGU� CPF� ��� TQVQT� FKCOGVGTU� DGVYGGP� VWTDKPG� TQYU�� 7UKPI� GUVKOCVGF� ECRCEKV[� HCEVQTU�

%#./9#�CPF�VJG�9'5�VJGP�ECNEWNCVG�VJG�GNGEVTKE�IGPGTCVKPI�ECRCDKNKV[�VJCV�ECP�DG�RNCEGF�YKVJKP

VJG�CTGC��

(KPCNN[��YKPF�UWRRN[�KPETGOGPVU��GZRTGUUGF�KP�OGICYCVVU��CTG�RTQXKFGF�VJG�'//��HKTUV�D[�YKPF

ENCUU� 
%NCUU� �� HKTUV�� CPF� VJGP�D[�FKUVCPEG� 
YKVJKP�YKPF�ENCUU���#U�C� TGUWNV�� CNN�%NCUU���YKPF

TGUQWTEGU�CTG�GZJCWUVGF�DGHQTG�CP[�%NCUU���QT�%NCUU���TGUQWTEGU�

#HVGT�PGY�YKPF�IGPGTCVKPI�ECRCEKV[�KU�UGNGEVGF�KP�VJG�'//��9'5�FGETGOGPVU�YKPF�UWRRNKGU�VQ

GUVKOCVG�TGOCKPKPI�YKPF�TGUQWTEGU�

Projected Btu Value of Wind Energy

'PGTI[�DCNCPEG�EQORWVCVKQPU�CPF�TGRQTV�YTKVKPI�CPF�EQPUWORVKQP�TCVGU�YKVJKP�0'/5�TGSWKTG�C

JGCV� TCVG�� K�G��� CP� GSWKXCNGPV� HQUUKN�HWGN� FKURNCEGOGPV� HQT�YKPF� IGPGTCVGF� GNGEVTKEKV[��6JKU� KU

EWTTGPVN[�UGV�CV�VJG�JGCV�TCVG�HQT�HQUUKN�HWGNGF�UVGCO�GNGEVTKE�RNCPVU�QH��������$VW�RGT�MKNQYCVVJQWT�

Elasticities

%CRKVCN� EQUVU� HQT� YKPF� VGEJPQNQIKGU� KPETGCUG� CU� C� HWPEVKQP� QH� GKVJGT� UJQTV�VGTO� QT� TGUQWTEG�

EQPUVTCKPV�GNCUVKEKVKGU��6JG�UJQTV�VGTO�GNCUVKEKV[�
UGG�RCIG���CPF�HQNNQYKPI�RCIGU��CEEQWPVU�HQT

UJQTV�VGTO�DQVVNGPGEMU�KP�RTQFWEVKQP��UKVKPI��CPF�EQPUVTWEVKQP�EQUVU�CPF�KU�TGHNGEVGF�KP�CFFKVKQPCN

ECRKVCN�EQUVU�KPEWTTGF�KP�C�URGEKHKE�[GCT�HQT�CNN�PGY�WPKVU�QH�7�5��YKPF�ECRCEKV[�DG[QPF�C�FGHKPGF

VJTGUJQNF��(QT�YKPF��GXGT[���RGTEGPV�CFFKVKQP�QH�PGY�7�5��IGPGTCVKPI�ECRCEKV[�KP�QPG�[GCT�OQTG



Energy Information Administration/NEMS Renewable Fuel Module Documentation Report—Wind 43

VJCP����RGTEGPV�ITGCVGT�VJCP�VQVCN�ECRCEKV[�KP�VJG�RTKQT�[GCT�TGUWNVU�KP�C���RGTEGPV�KPETGCUG�KP

ECRKVCN�EQUVU�

4GUQWTEG�EQPUVTCKPV�GNCUVKEKVKGU�TGRTGUGPV�VJG�KPETGCUGF�EQUVU�QH�WUKPI�NGUU�GHHKEKGPV�QT�OQTG�EQUVN[

NCPF�CPF�YKPF�TGUQWTEGU�HQT�TGCUQPU�QH�
���TGUQWTEG�SWCNKV[���HQT�GZCORNG��UVGGR�QT�TQWIJ�VGTTCKP

QT�YKPF�UJGGT��
���EQUVU�QH�WRITCFKPI�GZKUVKPI�VTCPUOKUUKQP�CPF�FKUVTKDWVKQP�PGVYQTMU��QT�
���EQUV

KPETGCUGU�KP�EQORGVKVKQP�YKVJ�QVJGT�WUGU��KPENWFKPI�HQT�GPXKTQPOGPVCN�TGCUQPU��(QT�YKPF��GCEJ

'//�TGIKQPIU�YKPF�TGUQWTEGU�HCNN�COQPI�VJTGG�ENCUUGU��VJG�HKTUV�GPLQ[KPI�PQ�ECRKVCN�EQUV�KPETGCUG�

VJG�UGEQPF�C����RGTEGPV�KPETGCUG��CPF�VJG�VJKTF�C�����RGTEGPV�KPETGCUG�KP�ECRKVCN�EQUV��2TQRQTVKQPU

XCT[�COQPI�VJG�'//�TGIKQPU�CU�C�HWPEVKQP�QH�GZVGTPCN� KPHQTOCVKQP�CDQWV� VJG�TGIKQPIU�YKPF

TGUQWTEGU��(QT�OQUV�TGIKQPU�
VJQWIJ�PQV�PGEGUUCTKN[�HQT�VJG�OQUV�ETKVKECN�TGIKQPU������RGTEGPV�QH

TGIKQPUI�TGUQWTEGU�HCNN�KP�GCEJ�QH�VJG�HKTUV�CPF�UGEQPF�ENCUUGU��YKVJ�VJG�TGOCKPFGT�CUUWOGF�VQ�DG

JKIJGUV�EQUV�

Alternative Approaches

+P� OQUV� PCVKQPCN�NGXGN� GPGTI[� OQFGNU�� YKPF� VGEJPQNQIKGU� JCXG� PQV� DGGP� EQPUKFGTGF� QP� CP

GSWKXCNGPV�DCUKU�YKVJ�QVJGT�UQWTEGU�QH�GNGEVTKEKV[�IGPGTCVKQP��6JG�HGY�OQFGNU�VJCV�JCXG�CTG�VJG

'NGEVTKE� 2QYGT� 4GUGCTEJ� +PUVKVWVG	U� 
'24+�� 'NGEVTKE� )GPGTCVKQP� 'ZRCPUKQP� #PCN[UKU� 5[UVGO


')'#5�� CPF� VJG� 'PXKTQPOGPVCN� &GHGPUG� (WPF	U� 
'&(�� �'NHKP��� #NUQ�� &1'	U

9KPF�*[FTQ�1EGCP� &KXKUKQP� JCU� FGXGNQRGF� URTGCFUJGGV� OQFGNU� VJCV� RTQLGEV� WVKNKV[� OCTMGV

RGPGVTCVKQP�QH�YKPF�VGEJPQNQIKGU�DCUGF�QP�EQORCTKUQPU�QH�YKPF�RNCPV�EQUVU�QH�GPGTI[�
%1'	U��CPF

OCTIKPCN�%1'	U�HQT�EQPXGPVKQPCN�IGPGTCVQTU�

')'#5�YCU�FGXGNQRGF�LQKPVN[�D[�'24+�CPF�5VQPG�CPF�9GDUVGT��+V�EQPUKUVU�QH�C�UGV�QH�EQORWVGT

RTQITCOU�HQT�WVKNKV[�U[UVGO�RNCPPGTU�YJKEJ�FGVGTOKPGU�CP�QRVKOCN�GZRCPUKQP�RNCP�QT�UKOWNCVGU�C

RTG�URGEKHKGF�RNCP��'ZRCPUKQP�RNCPU�FGHKPG� VJG� V[RG�� UK\G�� CPF� KPUVCNNCVKQP�FCVG� HQT� GCEJ�PGY

IGPGTCVKPI� HCEKNKV[��6JG� QDLGEVKXG� KU� VQ� HKPF� CP� GZRCPUKQP� RNCP�YJKEJ�OKPKOK\GU� VJG� UWO�QH

QRGTCVKPI�GZRGPUGU�CPF�ECRKVCN�HKZGF�EJCTIGU��')'#5�RTQXKFGU�VJTGG�OCKP�QRVKOK\CVKQP�VGEJPKSWGU

YJKEJ�QHHGT�C�DCNCPEG�DGVYGGP�OQFGNKPI�HNGZKDKNKV[�CPF�EQORWVCVKQPCN�GHHKEKGPE[��')'#5�ECP

JCPFNG�C�YKFG�TCPIG�QH�FKURCVEJCDNG�CPF�PQPFKURCVEJCDNG�VGEJPQNQIKGU��KPENWFKPI�YKPF�

6JG�NKOKVCVKQP�QH�')'#5�YKVJ�TGICTF�VQ�TGPGYCDNGU�KU�VJCV�VJG�XCTKCDKNKV[�QT�KPVGTOKVVGPE[�QH�YKPF

TGUQWTEGU� KU�PQV�GZRNKEKVN[�KPEQTRQTCVGF�KPVQ�VJG�OQFGN�DWV�TCVJGT�KU�VTGCVGF�CU�C�FGVGTOKPKUVKE

PGICVKXG�NQCF��
G�I���CU�CP�JQWTN[�VKOG�UGTKGU�QH�RQYGT�QWVRWVU�QXGT�C�[GCT��CPF�UKORN[�UWDVTCEVGF

HTQO�WVKNKV[�FGOCPF��6JGTGHQTG��YKPF�KU�PQV�GZRNKEKVN[�EQORGVGF�QT�FKURCVEJGF�CICKPUV�QVJGT�GPGTI[

HQTOU�QP�CP�GSWCN�DCUKU�

6JG�'.(+0�OQFGN�HTQO�'&(��YJKEJ�UVCPFU�HQT�'NGEVTKE�7VKNKV[�(KPCPEKCN�CPF�2TQFWEVKQP�%QUV

/QFGN�� KU�C�RTQDCDKNKUVKE�OQFGN�YJKEJ�UKOWNCVGU�GNGEVTKE�U[UVGO�FKURCVEJ�KP�QTFGT�VQ�ECNEWNCVG

GZRGEVGF�EQUV�QH�QRGTCVKQP��+V�JCU�DGGP�WUGF�OQUV�GZVGPUKXGN[�KP�WVKNKV[�TCVG�JGCTKPIU�DGHQTG�UVCVG

GPGTI[�EQOOKUUKQPU��'NHKP�ECP�CNUQ�DG�WUGF�VQ�EJQQUG�VJG�QRVKOCN�GZRCPUKQP�RNCP�HQT�C�WVKNKV[

DCUGF�QP�CPPWCN�RTGUGPV�XCNWG�QH�U[UVGO�EQUVU�CPF�DGPGHKVU��0Q�CVVGORV�KU�OCFG�VQ�EQORCTG�NKHG�

E[ENG�EQUVU�CPF�DGPGHKVU��'NHKP	U�QWVRWVU�KPENWFG�VJG�IGPGTCVKPI�NGXGN�QH�GCEJ�RNCPV��RGT�YGGM��CPF
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[GCT��HKZGF�CPF�XCTKCDNG�EQUVU��HWGN�WUCIG��CPF�GOKUUKQPU��4GNKCDKNKV[�KU�OGCUWTGF�D[�NQUU�QH�NQCF

RTQDCDKNKV[�
.1.2��CPF�KU�FKURNC[GF�KP�FC[U�RGT�[GCT�

'.(+0�KU�C�WVKNKV[�UECNG�OQFGN��VJGTGHQTG��WPNKMG�9'5��'.(+0�KU�PQV�YGNN�UWKVGF�VQ�TGIKQPCN�CPF

PCVKQPCN�NGXGN�HQTGECUVU��(WTVJGTOQTG��DGECWUG�'.(+0�FQGU�PQV�ECNEWNCVG�NKHG�E[ENG�EQUVU��KV�KU�DGUV

UWKVGF�HQT�UJQTV�TWP�HQTGECUVU�TCVJGT�VJCP�VJG�OGFKWO�CPF�NQPI�TWP�TGSWKTGOGPVU�OGV�D[�9'5�KP

0'/5�

6JG�&1'�9KPF�*[FTQ�1EGCP�&KXKUKQP	U�/QFGN�RTQLGEVU�VJG�ITQYVJ�QH�VJG�7�5��GNGEVTKE�WVKNKV[

OCTMGV�HQT�YKPF�VWTDKPGU�QP�C�TGIKQPCN�DCUKU��/CTMGV�UJCTG�VQ�VJG�[GCT������KU�CNNQECVGF�QP�VJG

DCUKU�QH�HKPCPEKCN�CVVTCEVKXGPGUU��OCTMGV�CEEGRVCPEG�QH�VJG�VGEJPQNQI[��RNCPV�V[RGU�CPF�ECRCEKVKGU�

EQKPEKFGPEG�QH�WVKNKV[�NQCF�CPF�YKPF�RQYGT�EWTXGU��YKPF�TGUQWTEG�NKOKVCVKQPU��CPF�NKOKVCVKQPU�QP

YKPF�RGPGVTCVKQP�KPVQ�TGIKQPCN�RQYGT�RQQNU��6JG�OQFGN�KU�NKOKVGF�EQORCTGF�YKVJ�VJG�4(/�DQVJ

KP�EQORCTKPI�TGPGYCDNGU�VGEJPQNQIKGU�VQ�HQUUKN�CPF�PWENGCT�EQORGVKVQTU��CPF�KP�KPEQTRQTCVKPI

DTQCFGT�OCTMGV�GHHQTVU��UWEJ�CU�PCVWTCN�ICU�OCTMGV�RTKEG�HGGFDCEMU�

6JG� OQFGN� KU� DWKNV� CTQWPF� EQPEGRVU� QH� PGY� RTQFWEV� FKHHWUKQP� KPVQ� VJG� OCTMGVRNCEG�� +V� KU� C

URTGCFUJGGV�DCUGF�VQQN�VJCV�GUVKOCVGU�OCTMGV�ECRVWTG�KP�EQORGVKVKQP�YKVJ�EQPXGPVKQPCN�HQUUKN�HWGN�

HKTGF�IGPGTCVKPI�RNCPVU�QP�C�TGIKQPCN�DCUKU��+V�GZRCPFU�QP�RTGXKQWU�VGEJPKSWGU�D[�KPEQTRQTCVKPI�C

OCTMGV�CEEGRVCPEG�HCEVQT�DCUGF�QP�TCVKQU�QH�NGXGNK\GF�EQUVU�QH�GPGTI[�HQT�EQPXGPVKQPCN�RNCPVU�CPF

YKPF�VWTDKPGU�
DGPGHKV�EQUV�TCVKQU���#NVJQWIJ�UGPUKVKXKVKGU�VQ�HWGN�EQUVU�CPF�OKZGU�ECP�DG�GXCNWCVGF

YKVJ� VJKU�OQFGN�� WPNKMG�9'5�� PQPHKPCPEKCN� RQNKE[� KPEGPVKXGU� CPF� RQNKVKECN� HCEVQTU� ECPPQV� DG

KPEQTRQTCVGF��UQ�KV�KU�QH�NKOKVGF�WUGHWNPGUU�HQT�QVJGT�RWTRQUGU�UWEJ�CU�RQNKE[�CPCN[UGU�

Wind Energy Submodule Structure

Submodule Flow Diagram

#�HNQY�FKCITCO�UJQYKPI�VJG�OCKP�EQORWVCVKQPCN�UVGRU�CPF�TGNCVKQPUJKRU�QH�VJG�9KPF�'PGTI[

5WDOQFWNG�KU�UJQYP�KP�(KIWTG����

Key Computations and Equations

5QOG�QH�VJG�KPRWV�FCVC�CTG�CV���[GCT�KPVGTXCNU��(QT�VJG�HKTUV�[GCT��C�NKPGCT�KPVGTRQNCVKQP�QP�VJGUG

FCVC�KU�RGTHQTOGF�VQ�ECNEWNCVG�[GCTN[�XCNWGU�

(QT�CNN�[GCTU�CHVGT�VJG�HKTUV�[GCT��UWDTQWVKPG�904'5&'%�KU�ECNNGF�VQ�ECNEWNCVG�VJG�NCPF�CTGC

TGOCKPKPI�HQT�YKPF�GPGTI[�FGXGNQROGPV��DCUGF�QP�VJG�RTGXKQWU�YKPF�ECRCEKV[�DWKNF�FGEKUKQP�D[

VJG�'//��6JG�RTGXKQWU�DWKNF�FGEKUKQP�KU�RCUUGF�CU�C�ECRCEKV[�WPKV�
/9��YJKEJ�PGGFU�VQ�DG

EQPXGTVGF�KPVQ�C�NCPF�CTGC�TGSWKTGF�HQT�VJG�FGXGNQROGPV�QH�YKPF�UKVG�QH�VJCV�UK\G��6JG�EQPXGTUKQP

OGVJQF� EQPUKFGTU� VJG� YKPF� ENCUU� QH� VJG� CXCKNCDNG� NCPF� CTGC� VJCV� KU� DGKPI� QHHGTGF� HQT� YKPF

FGXGNQROGPV��#�IKXGP�YKPF�IGPGTCVKQP�ECRCEKV[�TGSWKTGU�NGUU�NCPF�CTGC�CUUQEKCVGF�YKVJ�C�JKIJ�YKPF
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ENCUU�VJCP�YKVJ�C�NQY�YKPF�ENCUU��6JG�GPVKTG�7�5��YKPF�GPGTI[�UWRRN[�KU�UWDFKXKFGF�KPVQ����'//

TGIKQPU��VJTGG�YKPF�ENCUUGU��CPF�VJTGG�\QPGU�
CNQPI�GZKUVKPI�VTCPUOKUUKQP�NKPGU��



START
(call from RFM)

First year?
n

Read input data from
WESAREA:  available land area, by wind class and zones

WESLICE:  subperiod hour fraction,
subperiod energy fraction, and capacity credits
WESTECH:  capacity factors, energy per swept

rotor area, capital costs, variable O&M costs, fixed
O&M costs, policy incentives, existing wind

installations, construction period, construction
expenditure distribution, and equivalent fossil

fuel heat rate

Values of capital cost, capacity
credit, capacity factor, energy
per swept rotor area, variable

O&M cost, and fixed O&M cost

Call WNRESDEC to:
convert capacity to land area
required and decrement from

Call CALCAP to calculate
subperiod capacity factors

Call CALMWA to calculate
available wind generating capacity

for each region

available land area

New capacity
additions

from EMM

y

EMM selects new
capacity additions

Output to EMM

Call WNTDEVAL to assign the
additional T&D cost for current zone
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Figure 4. Wind Energy Submodule Flowchart
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5WDTQWVKPG�%#./9#� KU� VJGP� ECNNGF� VQ� EQPXGTV� VJG� NCPF� CTGC� CXCKNCDNG� HQT�YKPF� IGPGTCVKQP

FGXGNQROGPV� VQ� VJG� UYGRV� TQVQT� CTGC� PGGFGF� VQ� HWNN[� FGXGNQR� VJG� CXCKNCDNG� NCPF� CTGC�� 6JG

ECNEWNCVKQP�CUUWOGU�C�VWTDKPG�URCEKPI�QH��&�Z���&��YJGTG�&�KU�VJG�FKCOGVGT�QH�VJG�VWTDKPG�TQVQT�

6JKU�UYGRV�TQVQT�CTGC�KU�VJGP�EQPXGTVGF�VQ�VJG�COQWPV�QH�YKPF�GPGTI[�IGPGTCVKQP�ECRCEKV[�CXCKNCDNG

KP�GCEJ�TGIKQP�HQT�GCEJ�[GCT�CPF�GCEJ�YKPF�ENCUU��
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Appendix 3-A:  Inventory of Variables, Data,
and Parameters

6JKU�#RRGPFKZ�FGUETKDGU�VJG�XCTKCDNGU��RCTCOGVGT�GUVKOCVGU��CPF�FCVC�KPRWVU�CUUQEKCVGF�YKVJ�VJG

9KPF� 'PGTI[� 5WDOQFWNG�� 6CDNG� �#��� RTQXKFGU� C� VCDWNCT� NKUVKPI� QH� OQFGN� XCTKCDNGU� CPF

RCTCOGVGTU�� 6JG� VCDNG� EQPVCKPU� EQNWOPU� YKVJ� KPHQTOCVKQP� QP� KVGO� FGHKPKVKQPU�� OQFGNKPI

FKOGPUKQPU��FCVC�UQWTEGU��OGCUWTGOGPV�WPKVU��CPF�FQEWOGPVCVKQP�RCIG�TGHGTGPEGU�

6JG�TGOCKPFGT�QH�#RRGPFKZ���#�EQPUKUVU�QH�FGVCKNGF�FGUETKRVKQPU�QH�FCVC�KPRWVU�CPF�XCTKCDNGU�

KPENWFKPI�FKUEWUUKQPU�QP�UWRRQTVKPI�FCVC�CUUWORVKQPU�CPF�VTCPUHQTOCVKQPU�

Table 3A-1.  NEMS Wind Energy Submodule Inputs and Outputs

/QFGN�8CTKCDNG &GHKPKVKQP�CPF�&KOGPUKQPU 5QWTEG 7PKVU

+0276�&#6#

72184� +PUVCNNGF�ECRKVCN�EQUV�QH�YKPF�IGPGTCVKQP� '+#��GZRGTV�LWFIOGPV� ��M9

72(1/� (KZGF�1�/�EQUV� '24+�6#)W�������CPF ��M9

UWDUGSWGPV�EQTTGURQPFGPEG�

7281/� 8CTKCDNG�1�/�EQUV� '24+�6#)W������� OKNNU�M9J

%(#00 #PPWCN�YKPF�ECRCEKV[�HCEVQT�HQT�YKPF�ENCUU�Y�KP 5#+%������� 7PKVNGUU

[GCT�[�

%4'&+6 9KPF�ECRCEKV[�ETGFKV�HQT�'//�TGIKQP�P�KP�[GCT�[� &GVGTOKPGF�YKVJKP�'//� 7PKVNGUU

'0#4'# 'PGTI[�RGT�UYGRV�TQVQT�CTGC�HQT�YKPF�ENCUU�Y�KP 5#+%������� M9J�O

[GCT�[�

�

':9+0& 2TG�GZKUVKPI�VQVCN�YKPF�GNGEVTKE�ECRCEKV[�KPUVCNNGF�KP '+#��(QTO���������� /9

'//�TGIKQP�P�VJTQWIJ�[GCT�[�

72*646 (QUUKN�HWGN�GSWKXCNGPV�JGCV�TCVG�HQT�YKPF� '+#������� $VW�M9J

72%.;4� %QPUVTWEVKQP�NGCF�VKOG� '24+�6#)W�������� ;GCTU

72%241 (TCEVKQP�QH�EQPUVTWEVKQP�EQORNGVGF�KP�GCEJ�[GCT�QH '+#��GZRGTV�LWFIOGPV� 7PKVNGUU

EQPUVTWEVKQP�

72+)57$ 2QNKE[�KPEGPVKXGU�HQT�'//�TGIKQP�P�KP�[GCT�[� 'PGTI[�2QNKE[�#EV�QH������ OKNNU�M9J

5.+%' *QWT�HTCEVKQP�HQT�UWDRGTKQF�N�KP�'//�TGIKQP�P� 90&5.+%'�RTGRTQEGUUKPI 7PKVNGUU

RTQITCO�
2'4+��

56#4'# .CPF�CTGC�CXCKNCDNG�HQT�YKPF�RNCPV�FGXGNQROGPV�KP 'NNKQV������� US��MO

'//�TGIKQP�P�CPF�YKPF�ENCUU�Y�

57$2'4 'PGTI[�HTCEVKQP�HQT�UWDRGTKQF�N�KP�'//�TGIKQP�P� 90&5.+%'�RTGRTQEGUUKPI 7PKVNGUU

RTQITCO�
2'4+��

Table 3A-1.  NEMS Wind Energy Submodule Inputs and Outputs (Continued)
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/QFGN�8CTKCDNG &GHKPKVKQP�CPF�&KOGPUKQPU 5QWTEG 7PKVU

#4'# 'PGTI[�RGT�WPKV�UYGRV�TQVQT�CTGC�HQT�YKPF�ENCUU�Y '0#4'#��CPF�KPVGTRQNCVKQP�HQT M9J�O

KP�[GCT�[� KPVGTOGFKCVG�[GCTU�

�

%( #PPWCN�ECRCEKV[�HCEVQT�HQT�YKPF�ENCUU�Y�KP�[GCT�[� %(#00��CPF�KPVGTRQNCVKQP�HQT 7PKVNGUU

KPVGTOGFKCVG�[GCTU�

7#&&906 )TKF�EQPPGEVGF�YKPF�GNGEVTKE�ECRCEKV[�CFFKVKQPU�KP '//�QWVRWV�XCTKCDNG�KP /9

'//�TGIKQP�P�KP�QP�NKPG�[GCT�[� 7'%2176�%1//10�DNQEM�

906&$(%5 #FFKVKQPCN�6�&�EQUV�HQT�YKPF�VGEJPQNQI[�KP -KPVPGT�/G[GT��5#+%� ��M9

'//�TGIKQP�P�CPF�DWHHGT�\QPG�D ����

.&#4'# .CPF�CTGC�TGOCKPKPI�HQT�YKPF�RNCPV�FGXGNQROGPV /QFGN�FGVGTOKPGF� US��MO

KP�'//�TGIKQP�P��KP�[GCT�[��HQT�YKPF�ENCUU�Y��KP

DWHHGT�\QPG�D

%#.%7.#6'&

8#4+#$.'5

.&75'& .CPF�CTGC�PGGFGF�VQ�UWRRN[�YKPF�IGPGTCVKPI /QFGN�FGVGTOKPGF� US��MO

ECRCEKV[�KP�'//�TGIKQP�P�KP�[GCT�[��D[�YKPF

%NCUU���

59#4'# 5YGRV�TQVQT�CTGC�CXCKNCDNG�HQT�YKPF�ENCUU�Y�KP 2'4+������� US��O

'//�TGIKQP�P�KP�[GCT�[��O ��

9%#9+'. #XCKNCDNG�ECRCEKV[�KP�'//�TGIKQP�P�KP�[GCT�[� 4(/�QWVRWV�XCTKCDNG�KP /9

94'0'9�%1//10�DNQEM�

95(9+'. %CRCEKV[�HCEVQT�HQT�'//�TGIKQP�P�KP�[GCT�[��YKPF 4(/�QWVRWV�XCTKCDNG�KP 7PKVNGUU

ENCUU�Y��CPF�UWDRGTKQF�N� 94'0'9�%1//10�DNQEM�

9006& #FFKVKQPCN�6�&�EQUV�HQT�YKPF�VGEJPQNQI[�KP 4(/�QWVRWV�XCTKCDNG�KP ��M9

'//�TGIKQP�P�CPF�[GCT�[ 94'0'9�%1//10�DNQEM�

�#UUKIPGF�KP�'//�KPRWV�HKNG�'%2&#6�

��+PVGTOGFKCVG�XCNWGU��NKPGCTN[�KPVGTRQNCVGF�HTQO�VJG�UQWTEG�XCTKCDNG�

/1&'.�+0276� 72184

&'(+0+6+10� +PUVCNNGF�ECRKVCN�EQUV�QH�YKPF�IGPGTCVKQP�
��M9��

6JG�PWODGT�UVQTGF�KP�'%2&#6�KU�C�P �QH�C�MKPF�XCNWG�HQT�VJG�ECRKVCN�EQUV��6JKU�XCNWG�KU�EQPUVCPV�VJ

5174%'� '+#�� GZRGTV� LWFIOGPV� HQNNQYKPI� FKUEWUUKQPU� YKVJ� KPFWUVT[�� IQXGTPOGPV�� CPF

PCVKQPCN�NCDQTCVQT[�UQWTEGU�

/1&'.�+0276� %(#00

&'(+0+6+10� #PPWCN�YKPF�ECRCEKV[�HCEVQT�HQT�YKPF�ENCUU�Y�KP�[GCT�[�
7PKVNGUU��
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%WTTGPV� RGTHQTOCPEG� GUVKOCVGU� CTG� DCUGF� QP� C� EQORQUKVG� CPCN[UKU� QH� EQOOGTEKCN� VWTDKPGU�

2GTHQTOCPEG�FCVC�CTG�DCUGF�QP�GZRGTV�LWFIOGPV�RTQLGEVGF�HQT���[GCT�KPVGTXCNU��5RGEKHKECNN[������

FCVC�CTG�DCUGF�QP�VJG�KORTQXGOGPVU�GZRGEVGF�HTQO�C�VWTDKPG�UKOKNCT�KP�VGEJPQNQIKECN�FGXGNQROGPV

VQ�VJG�7�5��9KPFRQYGT���/�85��6JG�KORTQXGOGPV�HCEVQTU�CTG�HQT�[GCTU������CPF�DG[QPF�CTG

MGRV�EQPUVCPV�CV�VJG������XCNWG�

2GTHQTOCPEG�RTQLGEVKQPU�CTG�DCUGF�QP� VJG�CEEGNGTCVGF�HGFGTCN�YKPF�VGEJPQNQI[�4�&�HWPFKPI

UEGPCTKQ�WUGF�KP�VJG������0CVKQPCN�'PGTI[�5VTCVGI[�VGEJPQNQI[�EJCTCEVGTK\CVKQPU�CPF�OQFKHKGF�D[

'+#�

5174%'5� 5EKGPEG�#RRNKECVKQPU�+PVGTPCVKQPCN�%QTRQTCVKQP���4GPGYCDNG�'PGTI[�6GEJPQNQI[

%JCTCEVGTK\CVKQPU���4GRQTV�KP�UWRRQTV�QH�VJG�0CVKQPCN�'PGTI[�5VTCVGI[�HQT�VJG�7�5�

&GRCTVOGPV�QH�'PGTI[��1HHKEG�QH�%QPUGTXCVKQP�CPF�4GPGYCDNG�'PGTI[��1EVQDGT

�����

5EKGPEG�#RRNKECVKQPU�+PVGTPCVKQPCN�%QTRQTCVKQP���4GPGYCDNG�'PGTI[�6GEJPQNQI[

'XQNWVKQP�4CVKQPCNGU���4GRQTV�KP�UWRRQTV�QH�VJG�0CVKQPCN�'PGTI[�5VTCVGI[�HQT�VJG

7�5�� &GRCTVOGPV� QH� 'PGTI[�� 1HHKEG� QH� %QPUGTXCVKQP� CPF� 4GPGYCDNG� 'PGTI[�

1EVQDGT������

/1&'.�+0276� %4'&+6

&'(+0+6+10� 9KPF� ECRCEKV[� ETGFKV� HQT� '//� TGIKQP� P� KP� [GCT� [� CV� ��[GCT� KPVGTXCNU


7PKVNGUU��

6JG�.QCF�%CRCEKV[�%TGFKV�
.%%��QT�ECRCEKV[�XCNWG�VJCV�ECP�DG�CVVTKDWVGF�VQ�KPVGTOKVVGPV�IGPGTCVQTU

KU� C� FGDCVGF� KUUWG�� 6JG� RGTEGPVCIG� QH� TCVGF� RQYGT� QWVRWV� HQT� C� YKPF� IGPGTCVQT� VJCV� ECP� DG

EQPUKFGTGF�CU�HKTO�ECRCEKV[�KU�FGRGPFGPV�QP�VJG�GUVKOCVGF�EJCPIG�VJG�IGPGTCVQT�GHHGEVU�KP�C�URGEKHKE

WVKNKV[�U[UVGO	U�NQUU�QH�NQCF�RTQDCDKNKV[�
.1.2���IGPGTCVKPI�OKZ��URKPPKPI�TGUGTXG�TGSWKTGOGPVU�

CPF�QVJGT�HCEVQTU��8CNWGU�QH�ECRCEKV[�ETGFKV�CTG�TGCF�KPVQ�VJG�9'5�HTQO�VJG�9'56'%*�FCVC�HKNG�
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Appendix 3-B:  Mathematical Description
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UR


� �������UR

'SWCVKQP��$���EQORWVGU�VJG�CXCKNCDNG�YKPF�GNGEVTKE�IGPGTCVKQP�ECRCEKV[�KP�OGICYCVVU�D[�YKPF

ENCUU��'//�TGIKQP�CPF�[GCT�

YJGTG�

9%#9+'. � #XCKNCDNG�ECRCEKV[�KP�'//�TGIKQP�P�KP�[GCT�[��/9�
P�[

5WDTQWVKPG�90&'%4

5WDTQWVKPG�90&'%4�FGETGOGPVU�VJG�YKPF�TGUQWTEGU�VJCV�CTG�UWDFKXKFGF�D[�YKPF�ENCUUGU�CPF

DWHHGT�\QPGU�CEEQTFKPI�VQ�VJG�HQNNQYKPI�UEJGOG�

9KPF�%NCUU $WHHGT�<QPG

� ��Ú�� Ú ��VJGP
� ��Ú�� Ú ��VJGP
� ��Ú�� Ú ��

9JGTG�YKPF�ENCUU���KU�VJG�JKIJGUV�SWCNKV[�TGUQWTEG�CPF�YKPF�UKVGU�KP�DWHHGT�\QPG���CTG�VJG�ENQUGUV

VQ�VJG�ITKF�KPEWTTKPI�VJG�NGCUV�EQUV�HQT�PGY�VTCPUOKUUKQP�EQPUVTWEVKQP�

6JG�YKPF�TGUQWTEG�FGRNGVKQP�UEJGOG�TGHNGEVU�CP�GEQPQOKE�TCPMKPI�DCUGF�QP�NGXGNK\GF�EQUV�QH�VJG

YKPF� VGEJPQNQI[�� +P�IGPGTCN�� VJG�EQUV�DGPGHKVU�FWG� VQ� VJG�JKIJGT�SWCNKV[� TGUQWTEG�QHHUGVU� VJG

KPETGCUGF�EQUV� HQT�PGY�VTCPUOKUUKQP�EQPUVTWEVKQP� VQ�HCTVJGT�FKUVCPV�UKVGU��6JGTGHQTG�� VJG�YKPF

TGUQWTEG�KP�VJG�KDGUVL�YKPF�ENCUU�KU�FGRNGVGF�CETQUU�CNN�DWHHGT�\QPGU�DGHQTG�TGUQWTEGU�QH�VJG�PGZV

NQYGT�SWCNKV[�CTG�WUGF�
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5WDTQWVKPG�906&'8#.

'SWCVKQP��$���CUUKIPU�VJG�YKPF�URGEKHKE�6�&�EQUV�CUUQEKCVGF�YKVJ�YKPF�TGUQWTEGU�QH�VJG�DWHHGT

\QPG�EWTTGPVN[�DGKPI�QHHGTGF

YJGTG�

9906& � 9KPF�URGEKHKE�6�&�EQUV�KP�'//�TGIKQP�P�KP�[GCT�[��
��M9��
P�[

906&$(%5 � 9KPF� URGEKHKE�6�&�EQUV� KP�'//�TGIKQP�P� KP� EWTTGPVN[�QHHGTGF
P�DE

DWHHGT�\QPG�DE��
��M9��



60 Energy Information Administration/NEMS Renewable Fuel Module Documentation Report—Wind

Appendix 3-C:  Bibliography

$QPPGXKNNG�2QYGT�#FOKPKUVTCVKQP��K6TCPUOKUUKQP�.KPG�'UVKOCVKPI�&CVC�L�+PVGTPCN�/GOQTCPFWO�
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'NNKQVV�� &�.��� GV� CN�� �#P�#UUGUUOGPV� QH� VJG�#XCKNCDNG�9KPF[�.CPF�#TGC� CPF�9KPF�'PGTI[

2QVGPVKCN�KP�VJG�%QPVKIWQWU�7PKVGF�5VCVGU���2CEKHKE�0QTVJYGUV�.CDQTCVQT[��4GRQTV�20.�
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'NNKQVV��&�.���GV�CN����9KPF�'PGTI[�4GUQWTEG�#VNCU�QH�VJG�7PKVGF�5VCVGU���
��XQNWOG���4GRQTV
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6#)W��������

'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP��9CUJKPIVQP��&�%���5GRVGODGT�������K'NGEVTKE�6TCFG�KP�VJG
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4GPGYCDNG�(WGNU�/QFWNG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO���&TCHV��#RTKN����������

)CTXGT��.�.����'HHGEVKXG�.QCF�%CTT[KPI�%CRCDKNKV[�QH�)GPGTCVKPI�7PKVU���+'''�6TCPUCEVKQPU�QP

2QYGT�#RRCTCVWU�CPF�5[UVGOU��#WIWUV������
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2TKPEGVQP� 'EQPQOKE� 4GUGCTEJ�� +PEQTRQTCVGF�� &CVC� &GXGNQROGPV� 4GRQTV� HQT� 9KPF� 'NGEVTKE

5WDOQFWNG�4GPGYCDNG�(WGNU�/QFWNG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO��(GDTWCT[����

�����

2TKPEGVQP� 'EQPQOKE� 4GUGCTEJ�� +PEQTRQTCVGF�� 5QHVYCTG� 1XGTXKGY� 4GRQTV� HQT� 9KPF� 'NGEVTKE

5WDOQFWNG�4GPGYCDNG�(WGNU�/QFWNG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO��/CTEJ����������

5EKGPEG� #RRNKECVKQPU� +PVGTPCVKQPCN� %QTRQTCVKQP�� �4GPGYCDNG� 'PGTI[� 6GEJPQNQI[

%JCTCEVGTK\CVKQPU��� 4GRQTV� KP� UWRRQTV� QH� VJG� 0CVKQPCN� 'PGTI[� 5VTCVGI[� HQT� VJG� 7�5�

&GRCTVOGPV�QH�'PGTI[��1HHKEG�QH�%QPUGTXCVKQP�CPF�4GPGYCDNG�'PGTI[��1EVQDGT������

5EKGPEG� #RRNKECVKQPU� +PVGTPCVKQPCN� %QTRQTCVKQP�� �4GPGYCDNG� 'PGTI[� 6GEJPQNQI[� 'XQNWVKQP

4CVKQPCNGU���4GRQTV�KP�UWRRQTV�QH�VJG�0CVKQPCN�'PGTI[�5VTCVGI[�HQT�VJG�7�5��&GRCTVOGPV

QH�'PGTI[��1HHKEG�QH�%QPUGTXCVKQP�CPF�4GPGYCDNG�'PGTI[��1EVQDGT������

5EKGPEG�#RRNKECVKQPU�+PVGTPCVKQPCN�%QTRQTCVKQP��K)GQITCRJKE�+PHQTOCVKQP�5[UVGO�#PCN[UKU��4GRQTV

HQT�'+#��1HHKEG�QH�+PVGITCVGF�#PCN[UKU�CPF�(QTGECUVKPI��/C[�������

5EJYGK\GT��6��CPF�%QJGP��,����#�6GEJPKSWG�HQT�'UVKOCVKPI�2TQLGEV�4KUM���$G[QPF�6TCFKVKQPCN

5GPUKVKXKV[�#PCN[UGU���5EKGPEG�#RRNKECVKQPU�+PVGTPCVKQPCN�%QTRQTCVKQP��2TQEGGFKPIU�QH�VJG

9KPFRQYGT�	���%QPHGTGPEG��5GRVGODGT�������������
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Appendix 3-D:  Model Abstract

Model Name:
9KPF�'PGTI[�5WDOQFWNG

Model Acronym:
9'5

Description:
4GUQWTEG�SWCNKV[�FCVC�CPF�VJG�[GCTN[�ECRCEKV[�HCEVQT�CTG�WUGF�VQ�ECNEWNCVG�YKPF�HCTO�RGTHQTOCPEG

FCVC�QP�C�UWD�[GCTN[�NGXGN��CU�TGSWKTGF�D[�VJG�'//��%CNEWNCVKQPU�CTG�OCFG�HQT�GCEJ�VKOG�UNKEG�

YKPF�ENCUU��CPF�TGIKQP�

Purpose of the Model:
6JG�RWTRQUG�QH�VJG�9KPF�'PGTI[�5WDOQFWNG�
9'5��KU�VQ�RTQLGEV�VJG�EQUV��RGTHQTOCPEG��CPF

CXCKNCDKNKV[�QH�YKPF�IGPGTCVGF�GNGEVTKEKV[��CPF�RTQXKFG�VJKU�KPHQTOCVKQP�VQ�VJG�'NGEVTKEKV[�%CRCEKV[

2NCPPKPI�
'%2��EQORQPGPV�QH�VJG�'NGEVTKE�/CTMGV�/QFWNG�
'//��HQT�DWKNFKPI�VJG�PGY�ECRCEKV[

KP�EQORGVKVKQP�YKVJ�QVJGT�UQWTEGU�QH�GNGEVTKEKV[�IGPGTCVKQP�

Most Recent Model Update:
#WIWUV�������

Part of Another Model?:
6JG�9KPF�'PGTI[�5WDOQFWNG�KU�C�EQORQPGPV�QH�VJG�4GPGYCDNG�(WGNU�/QFWNG�
4(/��QH�VJG

0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO�
0'/5��

Official Model Representative:
6QO�2GVGTUKM

%QCN��7TCPKWO��CPF�4GPGYCDNG�(WGNU�#PCN[UKU�$TCPEJ

'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP


�������������

Documentation:
0'/5�&QEWOGPVCVKQP�4GRQTV���4GPGYCDNG�(WGNU�/QFWNG�QH�VJG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO�

,CPWCT[������

Archive Media and Installation Manual(s):
#TEJKXGF�CU�RCTV�QH�VJG�0'/5�RTQFWEVKQP�TWPU�
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Energy System Described:
#�J[DTKF�QH�XCTKQWU�GZKUVKPI�CPF�RTQRQUGF�JQTK\QPVCN�CZKU�YKPF�VWTDKPGU��*QTK\QPVCN�CZKU�YKPF

VWTDKPGU�TGRTGUGPV�QXGT����RGTEGPV�QH�7�5��IGPGTCVKPI�ECRCEKV[�

Coverage:

� )GQITCRJKE������'//�TGIKQPU���'CUV�%GPVTCN��6GZCU��/KF�#VNCPVKE��/KF�#OGTKEC��/KF�

%QPVKPGPV��0QTVJGCUV��0GY�'PINCPF��(NQTKFC��5QWVJGCUVGTP��5QWVJYGUV��9GUVGTP��4QEM[

/QWPVCKP��%CNKHQTPKC�CPF�5QWVJ�0GXCFC��#NCUMC��CPF�*CYCKK

� 6KOG�7PKV�(TGSWGPE[���#PPWCN�������VJTQWIJ�����

� 2TQFWEVU���'NGEVTKEKV[

� 'EQPQOKE�5GEVQTU���'NGEVTKE�WVKNKV[�UGEVQT��PQPWVKNKV[�IGPGTCVQTU�
07)5�

� /QFGN�5VTWEVWTG���5GSWGPVKCN�ECNEWNCVKQP�QH�CXCKNCDNG�YKPF�ECRCEKV[�D[�'//�TGIKQP��YKPF

ENCUU� CPF� [GCT�YKVJ� C� FGFWEVKQP� QH� VJCV� [GCT	U� KPUVCNNGF� ECRCEKV[� HTQO� VJG� TGOCKPKPI

CXCKNCDNG�ECRCEKV[

� /QFGNKPI�6GEJPKSWGU���#EEQWPVKPI�HWPEVKQP�QH�CXCKNCDNG�YKPF[�NCPF�CTGC�CPF�EQPXGTUKQP

QH�NCPF�CTGC�VQ�UYGRV�TQVQT�CTGC�CPF�VJGP�VQ�CXCKNCDNG�IGPGTCVKQP�ECRCEKV[

� 5RGEKCN�(GCVWTGU���#EEQWPVKPI�HQT�RQNKE[�CPF�QT�RTQFWEVKQP�KPEGPVKXGU�

Modeling Features:

DOE Input Sources:

'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP��#PPWCN�'PGTI[�4GXKGY�������&1'�'+#�����
�����,WPG������

2CEKHKE�0QTVJYGUV�.CDQTCVQT[��4GRQTVU�20.�������&1'�%*����������CPF�20.������

Non-DOE Input Sources:

2TKPEGVQP�'EQPQOKE�4GUGCTEJ��+PEQTRQTCVGF�
2'4+��G�90&5.+%'�RTGRTQEGUUKPI�RTQITCO�

5EKGPEG�#RRNKECVKQPU�+PVGTPCVKQPCN�%QTRQTCVKQP�
5#+%��G�%QUV�CPF�RGTHQTOCPEG�FCVC�CU�RTGRCTGF

HQT�VJG�0CVKQPCN�'PGTI[�5VTCVGI[�RTQLGEV��

'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��6GEJPKECN�#UUGUUOGPV�)WKFG�
6#)W��������
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Computing Environment:

� *CTFYCTG�7UGF���+$/�45����

� 1RGTCVKPI�5[UVGO��7PKZ

� .CPIWCIG�5QHVYCTG�7UGF���85�(1464#0��8GT������

Independent Expert Reviews Conducted:
0QPG�

Status of Evaluation Efforts by Sponsor:
0QPG�
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Appendix 3-E:  Data Quality and Estimation Processes

6JKU�#RRGPFKZ�FKUEWUUGU�
���VJG�SWCNKV[�QH�VJG�RTKPEKRCN�UQWTEGU�QH�KPRWV�FCVC�WUGF�KP�VJG�9KPF

'PGTI[�5WDOQFWNG��CNQPI�YKVJ�C�FKUEWUUKQP�QH�WUGT�FGHKPGF�RCTCOGVGTU�CPF�IWKFGNKPGU�WUGF�VQ

UGNGEV�VJGO��CPF�
���GUVKOCVKQP�OGVJQFU�WUGF�VQ�FGTKXG�RCTCOGVGTU�

9KPF�TGUQWTEGU�QH�VJG�7PKVGF�5VCVGU�JCXG�DGGP�GZVGPUKXGN[�EJCTVGF�CPF�ENCUUKHKGF�D[�VJG�2CEKHKE

0QTVJYGUV�.CDQTCVQT[�
20.���6JTGG�ENCUUGU�QH�YKPF�TGUQWTEGU��DCUGF�QP�CXGTCIG�CPPWCN�YKPF

URGGFU��CTG�IGPGTCNN[�WUGF��6JGUG�ENCUUGU�EQTTGURQPF�VQ�20.�%NCUU���YKPFU�CPF�JKIJGT��
URGGFU

ITGCVGT�VJCP�����O�U�
�����ORJ���YJKEJ�TGRTGUGPV�VJG�IGPGTCNN[�CEEGRVGF��NQYGUV�GEQPQOKE�NKOKV

QH�YKPF�URGGFU�HQT�ITKF�EQPPGEVGF�U[UVGOU�KP�VJG�7PKVGF�5VCVGU��

&CVC�QP�YKPF�TGUQWTEG�SWCPVKV[�CTG�OCKPVCKPGF�KP�VJG�9KPF�4GUQWTEG�3WCPVKV[�(KNG�CU�FGTKXGF�HTQO

RWDNKUJGF�CUUGUUOGPVU�QT�EQORKNCVKQPU�QH�7�5��YKPF�TGUQWTEGU��+V�EQPVCKPU�TGIKQPCN�FCVC�QP�VJG

NCPF�CTGC�
KP�USWCTG�MKNQOGVGTU��GUVKOCVGF�VQ�DG�CXCKNCDNG�HQT�YKPF�RNCPV�FGXGNQROGPV��CEEQWPVKPI

HQT�VJG�GZENWUKQP�QH�UQOG�NCPF�CU�C�TGUWNV�QH�GPXKTQPOGPVCN�CPF�NCPF�WUG�EQPUKFGTCVKQPU��9'5�WUGU

VJG�20.��OQFGTCVG��GZENWUKQP�UEGPCTKQ��6JG�RGTEGPV�QH�VQVCN�YKPF[�NCPF�WPCXCKNCDNG�WPFGT�VJKU

UEGPCTKQ�EQPUKUVU�QH�CNN�GPXKTQPOGPVCNN[�RTQVGEVGF�NCPFU�
UWEJ�CU�RCTMU�CPF�YKNFGTPGUU�CTGCU���CNN

WTDCP�NCPFU��CNN�YGVNCPFU�����RGTEGPV�QH�HQTGUV�NCPFU�����RGTEGPV�QH�CITKEWNVWTCN�NCPFU��CPF���

RGTEGPV�QH�TCPIG�CPF�DCTTGP�NCPFU��9KVJKP�GCEJ�TGIKQP��VJG�CXCKNCDNG�NCPF�CTGC�KU�RTQXKFGF�HQT�GCEJ

QH�VJG�VJTGG�NGXGNU�QH�YKPF�TGUQWTEG��CEEQTFKPI�VQ�VJG�GUVKOCVGF�CXGTCIG�CPPWCN�YKPF�URGGF�KP�VJCV

TGIKQP�CPF�QVJGT�HCEVQTU��.CUVN[��UKPEG�YKPF�RQYGT�KPETGCUGU�UKIPKHKECPVN[�YKVJ�JGKIJV��C�OKPKOWO

JGKIJV�KU�WUWCNN[�URGEKHKGF�HQT�OGCUWTGOGPV�CPF�KPUVCNNCVKQP�RWTRQUGU��VQ�CEJKGXG�CP�CUUQEKCVGF

YKPF�RQYGT�FGPUKV[�

6JG�9KPF�4GUQWTEG�3WCNKV[�(KNG�FGUETKDGU�VJG�XCTKCVKQPU�KP�YKPF�TGUQWTEG�QP�C�FCKN[�CPF�UGCUQPCN

DCUKU��CPF�GUVKOCVGU�YKPF�QWVRWV�FWTKPI�VJG�FKHHGTGPV�NQCF�EQPFKVKQP�UWDRGTKQFU�VQ�CPCN[\G�VJG

EQTTGNCVKQP�YKVJ�NQCF�RTQHKNGU��6JG�HKNG�KU�JKIJN[�FGRGPFGPV�QP�VJG�TCY�YKPF�URGGF�HKNG�EQORQPGPVU

EJQUGP� CPF� KPEQTRQTCVGU� FCVC� HQT� OCP[� QH� VJG� ���� UVCVKQPU� KP� VJG� 9KPF� 'PGTI[� 4GUQWTEG

+PHQTOCVKQP�5[UVGO�
9'4+5��HTQO�VJG�0CVKQPCN�%NKOCVKE�&CVC�%GPVGT��6JG�HKNG�CNUQ�EQPVCKPU

KPHQTOCVKQP�QP�.QCF�&WTCVKQP�%WTXG�
.&%��UWDRGTKQF�FGHKPKVKQPU�QWVUKFG�QH�VJG�9'5�CPF�VJG

UWDRGTKQF�GPGTI[�RGTEGPVCIGU��(TQO�VJKU��9'5�GUVKOCVGU�C�ECRCEKV[�HCEVQT�HQT�C�IKXGP�UWDRGTKQF�

6JG�URGEKHKE�UWDRGTKQFU�EQTTGURQPF�VQ�UGCUQP�CPF�VKOG�QH�FC[�

6JG�%QUV�CPF�2GTHQTOCPEG�QH�+PUVCNNGF�9KPF�6WTDKPGU�JCXG�DGGP�OQPKVQTGF�HQT�QXGT�C�FGECFG�

&WTKPI�VJCV�RGTKQF��C�YKPF�VWTDKPG�FCVCDCUG�CPF�VWTDKPG�UKOWNCVKQP�RTQITCO�JCXG�DGGP�FGXGNQRGF

CPF�TGHKPGF��#NUQ��CPCN[UGU�QH�OCPWHCEVWTGT�UWRRNKGF�YKPF�VWTDKPG�RQYGT�EWTXGU�CPF�KPUVCNNGF

EQUVU�YGTG�RGTHQTOGF�HQT�C�PWODGT�QH�VJG�DGUV�EWTTGPV��EQOOGTEKCNN[�CXCKNCDNG�YKPF�VWTDKPGU�

9KPF�VWTDKPG�GPGTI[�QWVRWV�GUVKOCVGU�YGTG�OCFG��CUUWOKPI�C�9GKDWNN�YKPF�URGGF�FKUVTKDWVKQP�CV

UGXGTCN�YKPF�URGGFU��CU�YGNN�CU�EQTTGEVKQPU�VQ�YKPF�URGGF�HQT�VWTDKPG�JWD�JGKIJV��'PGTI[�NQUUGU

YGTG�DCUGF�QP�HKGNF�GUVKOCVGU�HTQO�%CNKHQTPKC�YKPF�RNCPVU��#XGTCIG�RGTHQTOCPEG�YCU�GUVKOCVGF

HTQO�VJG�TCPIG�QH�GPGTI[�QWVRWV�FCVC��#XGTCIG�EQUVU�YGTG�UKOKNCTN[�ECNEWNCVGF��CPF�KPENWFGF�OCLQT

TGRCKTU�UWEJ�CU�TQVQT�TGRNCEGOGPVU�CPF�1�/�EQUVU��
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6JG�9KPF�6WTDKPG�%QUV�CPF�2GTHQTOCPEG�2TQLGEVKQPU�VQ�DG�WUGF�KPKVKCNN[�HQT�VJG�9'5�FCVC�HKNGU

CTG�DCUGF�QP�VJG�CEEGNGTCVGF�(GFGTCN�YKPF�VGEJPQNQI[�4�&�HWPFKPI�UEGPCTKQ�WUGF�KP�VJG�����

0'5� VGEJPQNQI[�EJCTCEVGTK\CVKQPU��6JG� HWPFKPI� NGXGNU� VGTOGF��CEEGNGTCVGF��EQTTGURQPF�OQUV

ENQUGN[�VQ�RTGUGPV�NGXGNU�CPF�GORJCUKU��PCOGN[�4�&�KP�VJG�DCUKE�UEKGPEGU�CPF�VJG��#FXCPEGF

9KPF�6WTDKPG��FGXGNQROGPV�RTQITCO��6JGTG�CTG�CNUQ�EQORTGJGPUKXG�EQQRGTCVKXG�RTQITCOU�YKVJ

KPFWUVT[�CPF�WVKNKVKGU�VQ�CUUKUV�KP�DQVJ�PGCT�VGTO�RTQDNGO�UQNXKPI�CPF�NQPI�VGTO�FGXGNQROGPV�

'UVKOCVGU�HQT�VJG�OKF�VGTO�VGEJPQNQI[�EJCTCEVGTK\CVKQPU�YGTG�DCUGF�QP�
���RTQLGEVKQPU�HQT�VJG�7�5�

9KPFRQYGT���/�85�VWTDKPG��CPF�
���CPCN[UKU�EQPFWEVGF�D[�04'.�QH�RQVGPVKCN�CFXCPEGF�FGUKIP

KORTQXGOGPVU�DCUGF�QP�VGEJPKECN�KPUKIJVU�HTQO�VJG�EWTTGPV�4�&�RTQITCO��6JG�IGPGTCN�CRRTQCEJ

WUGF�KP�VJG�04'.�CPCN[UKU�VQ�FGVGTOKPG�VJG�GHHGEVU�QH�FGUKIP�KORTQXGOGPVU�QP�GZKUVKPI�YKPF

VWTDKPG�VGEJPQNQI[�ECP�DG�FGUETKDGF�D[�VJTGG�DCUKE�UVGRU��(KTUV��C�TGHGTGPEG�U[UVGO�YCU�UGNGEVGF

VQ� TGRTGUGPV� EWTTGPV� VGEJPQNQI[� CPF� KVU� RGTHQTOCPEG� CPF� EQUVU� YGTG� VCDWNCVGF�� 5GEQPF�� VYQ

EQPHKIWTCVKQPU�TGRTGUGPVKPI�RQUUKDNG�KORTQXGOGPVU�VQ�VJG�TGHGTGPEG�FGUKIP�YGTG�KFGPVKHKGF��CPF

VJG�GHHGEV�QH�GCEJ�KORTQXGOGPV�QP�RGTHQTOCPEG�CPF�EQUV�YCU�GUVKOCVGF��.CUVN[��GUVKOCVGF�EJCPIGU

VQ�YKPF�RNCPV�EQUV�QH�GPGTI[�
%1'��YGTG�ECNEWNCVGF�HTQO�VJG�TGHGTGPEG�CPF�KORTQXGF�FGUKIP

RCTCOGVGTU�

'UVKOCVGU� CTG� TGIWNCTN[� EQORCTGF�YKVJ� KPFGRGPFGPV� GUVKOCVGU�� KPENWFKPI� PCVKQPCN� NCDQTCVQT[�

KPFWUVT[��CPF�QVJGT�GUVKOCVGU��7RFCVGU�QEEWT�CU�HKGNF�CPF�QVJGT�FQEWOGPVGF�GXKFGPEG����KPENWFKPI

VGUV�TGUWNVU����KPFKECVG�EJCPIGU�KP�EQUVU�QT�RGTHQTOCPEG�
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4.  Solar Submodule

Model Purpose

6JG�UQNCT�UWDOQFWNG�51.#4�GUVKOCVGU�UWRRN[�EJCTCEVGTKUVKEU�HQT�ITKF�EQPPGEVGF�EGPVTCN�UVCVKQP

RJQVQXQNVCKE�
28��CPF�UQNCT�VJGTOCN�
56��GNGEVTKEKV[�IGPGTCVKPI�RQYGT�RNCPVU��51.#4�FQGU�PQV

EJCTCEVGTK\G� FKUVTKDWVGF� QT� QHH�ITKF� UQNCT� VGEJPQNQIKGU�� 28� CPF� 56� EQUV� CPF� RGTHQTOCPEG

EJCTCEVGTKUVKEU� YJKEJ� CTG� FGHKPGF� EQPUKUVGPV� YKVJ� HQUUKN� CPF� QVJGT� IGPGTCVKPI� VGEJPQNQI[

EJCTCEVGTKUVKEU�TGUKFG�KP�'%2&#6��'%2&#6�KU�C�FCVC�HKNG�TGUKFGPV�KP�VJG�'NGEVTKEKV[�%CRCEKV[

2NCPPKPI�5WDOQFWNG�QH�VJG�'//��2GTHQTOCPEG�EJCTCEVGTKUVKEU�WPKSWG�VQ�VJGUG�VGEJPQNQIKGU�
UWEJ

CU�UGCUQP�CPF�TGIKQP�FGRGPFGPV�ECRCEKV[�HCEVQTU���JQYGXGT��CTG�RCUUGF�VQ�VJG�'//�XKC�VJG�UQNCT

UWDOQFWNG�51.#4�

$QVJ�EQOOQP�CPF�WPKSWGN[�FGHKPGF�EJCTCEVGTKUVKEU�CTG�FGUETKDGF�DGNQY��6JG�VJTGG�EJCTCEVGTKUVKEU

WPKSWG�VQ�TGPGYCDNGU�CPF�VJGTGHQTG�VQ�51.#4�CTG�

�� 28�CPF�56�ECRCEKV[�HCEVQTU��$GECWUG�UQNCT�TCFKCVKQP�XCTKGU��ECRCEKV[�HCEVQTU�HQT�UQNCT

VGEJPQNQIKGU�CTG�CUUWOGF�VQ�XCT[�D[�VKOG�QH�FC[��D[�UGCUQP��CPF�D[�TGIKQP��(CEVQTU�CTG

RTQXKFGF�HQT�CNN�TGIKQPU�HQT�28��%CRCEKV[�HCEVQTU�HQT�UQNCT�VJGTOCN�CTG�QPN[�RTQXKFGF�HQT

VJG� UKZ� TGIKQPU�YGUV� QH� VJG�/KUUKUUKRRK� 4KXGT�� 6JGUG� TGIKQPU� CTG� VJG� QPN[� QPGU�YKVJ

UWHHKEKGPV�FKTGEV�PQTOCN�KPUQNCVKQP�HQT�EQUV�GHHGEVKXG�UQNCT�VJGTOCN�KPUVCNNCVKQPU�

�� 5GNGEVGF� 5WRRNGOGPVCN� %CRCEKV[� #FFKVKQPU� 
KHNQQTUL� QT� KUQNCT� NQYGT� DQWPFUL��

4GEQIPK\KPI�VJCV�UQOG�PGY�UQNCT�IGPGTCVKPI�ECRCEKV[�KU�KPUVCNNGF�HQT�TGCUQPU�QVJGT�VJCP

TGRTGUGPVGF�KP�VJG�'//��UWEJ�CU�HQT�OCTMGV�VGUVKPI�QT�WPKSWG�GEQPQOKE�TGSWKTGOGPVU��'+#

KPENWFGU� GUVKOCVGU� QH� OKPKOCN� PGY� ITKF�EQPPGEVGF� IGPGTCVKPI� ECRCEKV[� WUKPI� UQNCT

TGUQWTEGU�

�� 5QNCT�GHHKEKGPE[�KORTQXGOGPV�HCEVQTU��#UUWOGF�ECRCEKV[�HCEVQT�KORTQXGOGPVU�HQT�28�QXGT

VKOG�CTG�UWDOKVVGF�VJTQWIJ�51.#4�

Relationship of the Solar Submodule to Other Models

51.#4�CUUKIPU�RGTHQTOCPEG�FCVC�VQ�INQDCN�XCTKCDNGU�VQ�DG�WUGF�D[�VJG�'//��51.#4�FQGU�PQV

KPVGTCEV�YKVJ�QVJGT�UWDOQFWNGU�QH�VJG�4(/�QT�0'/5�
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Modeling Rationale

Theoretical Approach

5QNCT�GPGTI[�UWRRNKGU�CTG�HWPFCOGPVCNN[�FKHHGTGPV�HTQO�VJQUG�HQT�OQUV�QVJGT�TGPGYCDNG�UQWTEGU�

+V�KU�CRRTQRTKCVG�VQ�OQFGN�QVJGT�TGPGYCDNGU�UWEJ�CU�YKPF��IGQVJGTOCN��CPF�DKQOCUU��YJKEJ�EQPUKUV

QH�NKOKVGF�SWCPVKVKGU�QH�JKIJ�SWCNKV[�TGUQWTEGU��YKVJ�UWRRN[�HWPEVKQPU�YJKEJ�CTG�WRYCTF�UNQRKPI

YKVJ�KPETGCUKPI�SWCPVKVKGU�FGOCPFGF��+P�EQPVTCUV��VJG�UQNCT�TGUQWTEG�YKVJKP�GCEJ�'//�TGIKQP�HQT

DQVJ�MKPFU�QH�UQNCT�VGEJPQNQIKGU�
56�CPF�28��KU�TGNCVKXGN[�EQPUVCPV�HQT�UWRRN[�SWCPVKVKGU�YGNN�KP

GZEGUU�QH�EQPEGKXCDNG�FGOCPF��#U�C�TGUWNV��VJG�UWRRN[�HQT�UQNCT�KU�CUUWOGF�VQ�DG�RGTHGEVN[�GNCUVKE

CV�CP[�OQOGPV��0'/5�FQGU�PQV�KPETGCUG�VJG�EQUV�QH�VJG�TGUQWTEGU�YKVJ�KPETGCUKPI�SWCPVKVKGU

UWRRNKGF��DGECWUG�JKIJ�SWCNKV[�TGUQWTEG�UKVGU�CTG�PQV�GZJCWUVGF�

5KPEG�VJG�VYQ�UQNCT�GNGEVTKE�VGEJPQNQIKGU�IGPGTCVG�GNGEVTKEKV[�KP�HWPFCOGPVCNN[�FKHHGTGPV�YC[U��VJG

PCVWTG�QH�VJG�UQNCT�TGUQWTEG�HQT�GCEJ�VGEJPQNQI[�KU�UKIPKHKECPVN[�FKHHGTGPV��6JG�OQUV�KORQTVCPV

FKHHGTGPEG�KU�VJG�PCVWTG�QH�VJG�UQNCT�TCFKCVKQP�
KPUQNCVKQP��VJCV�GCEJ�VGEJPQNQI[�WUGU��56�VGEJPQNQI[

ECP�WVKNK\G�QPN[�FKTGEV�PQTOCN�KPUQNCVKQP�YJKNG�28�ECP�WVKNK\G�DQVJ�FKTGEV�CPF�FKHHWUG�KPUQNCVKQP�

&KTGEV�PQTOCN�KPUQNCVKQP�KU�FGHKPGF�CU�UWPNKIJV�CTTKXKPI�CV�C�NQECVKQP�KP�C�RCVJ�FKTGEVN[�HTQO�VJG�UWP

QPVQ�C�UWTHCEG�YKVJQWV�DGKPI�UECVVGTGF�QT�TGHNGEVGF��&KHHWUG�KPUQNCVKQP�KU�UWPNKIJV�VJCV�JCU�DGGP

UECVVGTGF�D[�ENQWFU��HQI��JC\G��FWUV��QT�QVJGT�UWDUVCPEGU�KP�VJG�CVOQURJGTG�CPF�CTTKXGU�CV�C�NQECVKQP

KPFKTGEVN[��6JG�UWO�QH�FKTGEV�PQTOCN�CPF�FKHHWUG�KPUQNCVKQP�KU�CNUQ�TGHGTTGF�VQ�CU�INQDCN�KPUQNCVKQP�

#�UKPING�V[RG�QH�GCEJ�QH�VJG�56�CPF�28�VGEJPQNQIKGU�KU�WUGF�HQT�CNN�TGIKQPU��#EEQTFKPIN[��ECRKVCN

CPF�1�/�EQUVU�CPF�VJG�GHHKEKGPE[�KP�EQPXGTVKPI�UWPNKIJV�KPVQ�GNGEVTKE�GPGTI[�CTG�JGNF�EQPUVCPV

CETQUU�TGIKQPU��&KHHGTGPEGU�KP�TGIKQPCN�TGUQWTEGU�CTG�ECRVWTGF�VJTQWIJ�VJG�ECRCEKV[�HCEVQT�XCTKCDNG

VJCV�TGRTGUGPVU�VJG�UQNCT�GPGTI[�KPRWV�VQ�VJG�VGEJPQNQI[�

6JG�FGHCWNV�UQNCT�VJGTOCN�GNGEVTKE�VGEJPQNQI[�KU�C�����/9�UQNCT�QPN[�EGPVTCN�TGEGKXGT�
RQYGT

VQYGT��YKVJ���JQWT�OQNVGP�UCNV�VJGTOCN�UVQTCIG��6JG�TGUQWTEG�FCVC�KPEQTRQTCVG�ENKOCVQNQIKECN�FCVC

QP�VJG�HTGSWGPE[�CPF�FWTCVKQP�QH�ENQWF�EQXGT��6JG�TGUQWTEG�CXCKNCDKNKV[�QT�GPGTI[�QWVRWV�FCVC�HQT

EGPVTCN�TGEGKXGT�UQNCT�VJGTOCN�EQPUKUV�QH�DQVJ�FC[VKOG�CPF�GXGPKPI�XCNWGU�HQT�VJG�HQWT�UGCUQPU�HQT

C�VQVCN�QH�GKIJV�XCNWGU��5KPEG�VJG�PWODGT�QH�QXGTECUV�FC[U�ECP�GZEGGF�VJG�UVQTCIG�ECRCEKV[�QH�VJG

U[UVGO��C�FGTCVKPI�HCEVQT�KU�KPENWFGF�VQ�TGHNGEV�VJKU�KPVGTOKVVGPV�CXCKNCDKNKV[��

6JG�FGHCWNV�28�VGEJPQNQI[�KU�C���OGICYCVV�HKZGF�HNCV�RNCVG�ET[UVCNNKPG�UKNKEQP�UKPING�CZKU�VTCEMKPI

CTTC[�VKNVGF�CV�CP�CPING�GSWCN�VQ�VJG�UKVG	U�NCVKVWFG�
%CTKUUC�2NCKPU���

Fundamental Assumptions

6JG�TGIKQPCN�ENCUUKHKECVKQP�RNCP�KU�VJG�UCOG�HQT�DQVJ�56�CPF�28��#U�CP�KPRWV�VQ�'//��51.#4

QRGTCVGU�QP�VJG�UCOG����TGIKQPU�RNWU�#NCUMC�CPF�*CYCKK��6JGUG�EQTTGURQPF�VQ�VJG�PKPG�'//

TGIKQPU�YKVJ�0GY�;QTM�UGRCTCVGF�HTQO�0GY�'PINCPF��(NQTKFC�UGRCTCVGF�HTQO�VJG�TGUV�QH�VJG

5QWVJGCUV��CPF�VJG�9GUV�UGRCTCVGF�KPVQ�VJTGG�TGIKQPU�EQPUKUVKPI�QH�%CNKHQTPKC�CPF�5QWVJGTP�0GXCFC
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%08���VJG�0QTVJYGUV�2QYGT�2QQN�#TGC�
092���CPF�VJG�EQODKPCVKQP�QH�VJG�4QEM[�/QWPVCKP�CPF

#TK\QPC�0GY�/GZKEQ�2QYGT�#TGCU�
4#���'CEJ�TGIKQP�JCU�KVU�QYP�TGUQWTEG�FCVC�HQT�DQVJ�56�CPF

28��YJGTG�CRRNKECDNG�

Elasticities

$QVJ�28�CPF�56�VGEJPQNQIKGU�CTG�UWDLGEV�VQ�UJQTV�VGTO�ECRKVCN�EQUV�GNCUVKEKVKGU��YJGTGKP�NCTIG

CPPWCN�KPETGCUGU�KP�ECRCEKV[�CTG�CUUWOGF�VQ�DG�TCKUG�EQUVU�DGECWUG�QH�UWRRN[�DQVVNGPGEMU�
UGG�RCIG

��CPF�HQNNQYKPI�RCIGU���(QT�DQVJ�28�CPF�56�VGEJPQNQIKGU��VQVCN�7�5��ITKF�EQPPGEVGF�IGPGTCVKPI

ECRCEKV[�ECP�KPETGCUG����RGTEGPV�GCEJ�[GCT�YKVJQWV�CP[�ECRKVCN�EQUV�KPETGCUG��CFFKVKQPCN�ECRCEKV[

KPEWTU�C���RGTEGPV�KPETGCUG�KP�ECRKVCN�EQUV�HQT�GXGT[���RGTEGPV�CFFKVKQPCN�ECRCEKV[�DG[QPF���

RGTEGPV�

Alternative Approaches

5QNCT� VGEJPQNQIKGU� JCXG� PQV� QHVGP� DGGP� KPEQTRQTCVGF� KP� PCVKQPCN�NGXGN� GPGTI[�OQFGNU��6JTGG

GZEGRVKQPU�CTG�VJG�+PVGITCVGF�2NCPPKPI�/QFGN�
+2/��HTQO�+%(�4GUQWTEGU��(155+.��HTQO�#RRNKGF

'PGTI[�5GTXKEGU�
#'5��YJKEJ�YCU�WVKNK\GF�D[�&1'�KP�VJG������0CVKQPCN�'PGTI[�5VTCVGI[�
0'5��

CPF�VJG�/#4-#.�/QFGN�HTQO�$TQQMJCXGP�0CVKQPCN�.CDQTCVQT[��

6JG�+2/�KU�VJG�GNGEVTKEKV[�OQFGN�YKVJKP�VJG�'NGEVTKE�CPF�)CU�7VKNKV[�/QFGNKPI�5[UVGO�
')7/5�

YJKEJ�YCU�FGXGNQRGF�WPFGT�C�LQKPV�GHHQTV�QH�+%(�4GUQWTEGU�CPF�4%)�*CINGT��$CKNN[��+PE��+V�ECP

CNUQ�DG�TWP�KP�C�UVCPF�CNQPG�OQFG��')7/5�YCU�CNUQ�WUGF�D[�'2#�HQT�VJG�CPCN[UKU�QH�ITGGPJQWUG

ICU� GOKUUKQP� RQNKEKGU��.KMG� VJG�0'/5�'//�ECRCEKV[� RNCPPKPI� UWDOQFWNG�� +2/� KU� C� NKPGCT

RTQITCO� VJCV� FGTCVGU� VJG� ECRCEKV[� QH� C� VGEJPQNQI[� D[� OWNVKRN[KPI� KVU� TCVGF� ECRCEKV[� D[� KVU

CXCKNCDKNKV[� HCEVQT�� +2/�WUGU� C� TGIKQPCNK\CVKQP� UEJGOG�� UKOKNCT� VQ�'//��DCUGF�QP����'//

TGIKQPU�CPF�UWDTGIKQPU��+2/�ETGFKVU�VJG�KPVGTOKVVGPV�TGUQWTEGU�QP�CP�JQWTN[�DCUKU�DGHQTG�ETGCVKPI

C�NQCF�FWTCVKQP�EWTXG�CPF�UQNXKPI�HQT�CP�KPVGT�VGORQTCN�QRVKOWO��*QYGXGT��+2/�FQGU�PQV�VT[�VQ

KPEQTRQTCVG�VJG�GHHGEV�QH�GZRGTKGPEG�QT�NGCTPKPI�QP�VJG�EQUV�QH�VJG�VGEJPQNQI[��#U�CP�GOGTIKPI

VGEJPQNQI[��UQNCT�KU�GZRGEVGF�VQ�GZRGTKGPEG�UJCTR�TGFWEVKQPU�KP�EQUV�YKVJ�CFFKVKQPCN�RGPGVTCVKQPU

UQ�XCTKGF�TGRTGUGPVCVKQPU�QH��NGCTPKPI�D[�FQKPI��CTG�EGTVCKPN[�KORQTVCPV�KP�UQNCT�OQFGNKPI�

(155+.�	U�HWPFCOGPVCNN[�FKHHGTGPV�UVTWEVWTG�WUGU�U[UVGO�F[PCOKEU�YKVJ�NQIKV�HWPEVKQPU�CFCRVGF

HTQO�EQPUWOGT�EJQKEG�OGVJQFQNQIKGU��#U�C�U[UVGO�F[PCOKEU�OQFGN��(155+.��WUGU�FKHHGTGPEG

GSWCVKQPU�VQ�UKOWNCVG�VJG�GXQNWVKQP�QH�C�U[UVGO�D[�VCMKPI�UVGRU�
HQWT�RGT�[GCT��VJTQWIJ�VKOG�TCVJGT

VJCP�CP�QRVKOK\CVKQP�CRRTQCEJ��6JG�OQFGN�EQORCTGU�VJG�OCTIKPCN�EQUVU�QH�PGY�VGEJPQNQIKGU�CPF

EJQQUGU�VJG�NGCUV�EQUV�QRVKQP�CEEQTFKPI�VQ�C�NQIKV�HWPEVKQP�VJCV�RTGXGPVU�MPKHG�GFIG�UQNWVKQPU��6JKU

CFLWUVOGPV�KU�RCTVKEWNCTN[�KORQTVCPV�DGECWUG�(155+.��VTGCVU�VJG�GPVKTG�PCVKQP�CU�C�UKPING�TGIKQP�

+P�OQFGNKPI�TGPGYCDNGU��(155+.��FQGU�FKUVKPIWKUJ�DGVYGGP�QHH�ITKF�CPF�EGPVTCNK\GF�GNGEVTKEKV[

IGPGTCVKQP� CPF� DGVYGGP� WVKNKV[� CPF� PQPWVKNKV[� IGPGTCVQTU� 
07)5��� *QYGXGT�� KP� VTGCVKPI

KPVGTOKVVGPV�TGUQWTEGU��(155+.��JCU�FKHHKEWNV[�DGECWUG�KV�KORNKEKVN[�CUUWOGU�VJCV�KPVGTOKVVGPV�CPF

FKURCVEJCDNG�VGEJPQNQIKGU�CTG�UWRRN[KPI�KFGPVKECN�UGTXKEGU��+PVGTOKVVGPVU�CTG�VTGCVGF�VJG�UCOG�CU
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EQPXGPVKQPCN�DCUGNQCF�VGEJPQNQIKGU�YJKEJ�IKXGU�KPVGTOKVVGPVU�C�ECRCEKV[�ETGFKV�GSWCN�VQ�VJGKT�TCVGF

ECRCEKV[�CPF�QXGTUVCVGU� VJGKT�EQPVTKDWVKQP��1P�VJG�QVJGT�JCPF��(155+.��FQGU�PQV�ECRVWTG� VJG

EQTTGNCVKQP�QH�UQNCT�YKVJ�NQCF�YJKEJ�KPETGCUGU�KVU�GPGTI[�XCNWG��#�NCVGT�XGTUKQP�QH�(155+.��

PCOGF�+&'#5��FQGU�ECRVWTG�VJKU�EQTTGNCVKQP�D[�IKXKPI�KV�OQTG�QWVRWV�FWTKPI�RGCM�RGTKQFU��6JKU

KU�CEEQORNKUJGF�D[�HQTEKPI�CP�CRRTQRTKCVG�RGTEGPVCIG�QH�VJG�KPVGTOKVVGPV�TGUQWTEG	U�QWVRWV�KPVQ�VJG

RGCM�RQTVKQP�QH�VJG�NQCF�FWTCVKQP�EWTXG�

#U�FKUEWUUGF�GCTNKGT��CP�KORQTVCPV�ECRCDKNKV[�YJGP�OQFGNKPI�TGPGYCDNGU�KU�JQY�PGY�VGEJPQNQI[

RGPGVTCVKQP�KU�VTGCVGF��(155+.��CRRNKGU�C�RTGOKWO�VQ�VJG�FKUEQWPV�TCVG�YJGP�ECNEWNCVKPI�OCTIKPCN

EQUV��9JKNG�VJG�RTGOKWO�FKOKPKUJGU�YKVJ�EWOWNCVKXG�RTQFWEVKQP�VQ�TGHNGEV�KPETGCUGF�RGPGVTCVKQP�

(155+.��FQGU�PQV�GODQF[�VJG�PQVKQP�QH��NGCTPKPI�D[�FQKPI��CPF�KPFWUVT[�CEEGRVCPEG�QH�PGY

VGEJPQNQIKGU��

6JG� VJKTF� OQFGNKPI� U[UVGO� HQT� UQNCT�DCUGF� GNGEVTKEKV[� IGPGTCVKQP� KU� VJG� /#4-#.� OQFGN�

FGXGNQRGF��KP�RCTV��CV�$TQQMJCXGP�0CVKQPCN�.CDQTCVQT[�YKVJ�VJG�UWRRQTV�QH����PCVKQPU�CPF�VYQ

KPVGTPCVKQPCN�CIGPEKGU��/#4-#.�KU�C�OWNVK�RGTKQF��NKPGCT�RTQITCOOKPI�OQFGN�VJCV�RGTHQTOU

GPGTI[�U[UVGOU�QRVKOK\CVKQP�CPF�CFFTGUUGU�CNN�CURGEVU�QH�VJG�GPGTI[�U[UVGO��+VU�RTKOCT[�QDLGEVKXG

KU�VQ�CUUGUU�VJG�CVVTCEVKXGPGUU�QH�GZKUVKPI�CPF�PGY�GPGTI[�VGEJPQNQIKGU�CPF�TGUQWTEGU�KP�UCVKUH[KPI

HWVWTG�FGOCPF��9KVJKP�VJG�GPGTI[�PGVYQTM��VJG�OQFGN�WUGT�JCU�VQVCN�EQPVTQN�QXGT�VJG�NGXGN�QH

VGEJPQNQI[�FGVCKN��*QYGXGT��/#4-#.�ECPPQV�GCUKN[�QT�VTCPURCTGPVN[�KPEQTRQTCVG�PQP�RTKEG�DCUGF

EQPUWOGT�EJQKEGU�QT�PGY�VGEJPQNQI[�RGPGVTCVKQP�

Solar Submodule Structure

Submodule Flow Diagram

#�HNQY�FKCITCO�UJQYKPI�VJG�OCKP�EQORWVCVKQPCN�UVGRU�CPF�TGNCVKQPUJKRU�QH�VJG�5QNCT�5WDOQFWNG

KU�UJQYP�KP�(KIWTG���

Key Computations and Equations

51.#4�RCUUGU�FCVC�FKTGEVN[��YKVJQWV�CP[�EQORWVCVKQPU��VJTQWIJ�CUUKIPOGPVU�VQ�VJG�CRRTQRTKCVG

%1//10�XCTKCDNGU��6JGUG�CTG�VJG�WVKNKV[�IGPGTCVKPI�ECRCEKVKGU�CPF�UWDRGTKQF�ECRCEKV[�HCEVQTU

HQT�GCEJ�VGEJPQNQI[�
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Figure 5. Solar Energy Submodule Flowchart
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Appendix 4-A:  Inventory of Variables, Data,
and Parameters

6JKU�#RRGPFKZ�FGUETKDGU�VJG�XCTKCDNGU��FCVC�KPRWVU��CPF�RCTCOGVGT�GUVKOCVGU�CUUQEKCVGF�YKVJ�VJG

EQUV�RGTHQTOCPEG�EJCTCEVGTKUVKEU�QH�VJG�VYQ�UQNCT�VGEJPQNQIKGU��28�CPF�56�EQUV�CPF�RGTHQTOCPEG

EJCTCEVGTKUVKEU� YJKEJ� CTG� FGHKPGF� EQPUKUVGPV� YKVJ� HQUUKN� CPF� QVJGT� IGPGTCVKPI� VGEJPQNQI[

EJCTCEVGTKUVKEU�TGUKFG�KP�'%2&#6��2GTHQTOCPEG�EJCTCEVGTKUVKEU�WPKSWG�VQ�VJGUG�VGEJPQNQIKGU�
UWEJ

CU�UGCUQP�CPF�TGIKQP�FGRGPFGPV�ECRCEKV[�HCEVQTU���JQYGXGT��CTG�RCUUGF�VQ�VJG�'//�XKC�VJG�UQNCT

UWDOQFWNG�51.#4�

6CDNG� �#���RTQXKFGU� C� VCDWNCT� NKUVKPI�QH�OQFGN�XCTKCDNGU� CPF�RCTCOGVGTU��6JG� VCDNG� EQPVCKPU

EQNWOPU�YKVJ�KPHQTOCVKQP�QP�KVGO�FGHKPKVKQPU��OQFGNKPI�FKOGPUKQPU��FCVC�UQWTEGU��OGCUWTGOGPV

WPKVU��CPF�FQEWOGPVCVKQP�RCIG�TGHGTGPEGU�

6JG�TGOCKPFGT�QH�#RRGPFKZ���#�EQPUKUVU�QH�FGVCKNGF�FGUETKRVKQPU�QH�FCVC�KPRWVU�CPF�XCTKCDNGU�

KPENWFKPI�FKUEWUUKQPU�QP�UWRRQTVKPI�FCVC�CUUWORVKQPU�CPF�VTCPUHQTOCVKQPU�

Table 4A-1.  NEMS Solar Model Inputs and Outputs

/QFGN�8CTKCDNG &GHKPKVKQP�CPF�&KOGPUKQPU 5QWTEG 7PKVU

+0276�&#6#

9%#28'. %CRCEKV[�EQPUVTCKPVU�HQT�RJQVQXQNVCKE�VGEJPQNQI[�KP '+#�'UVKOCVGU� /9

'//�TGIKQP�P�KP�[GCT�[�

9%#56'. %CRCEKV[�EQPUVTCKPVU�HQT�UQNCT�VJGTOCN�VGEJPQNQI[�KP '+#�'UVKOCVGU� /9

'//�TGIKQP�P�KP�[GCT�[

72184�
���� %CRKVCN�EQUV�QH�RJQVQXQNVCKE�VGEJPQNQI[� '+#� ��M9

72184�
���� %CRKVCN�EQUV�QH�UQNCT�VJGTOCN�VGEJPQNQI[� 5CPFKC�0CVKQPCN ��M9

.CDQTCVQT[�

72+%%(� +PXGUVOGPV�RQNKE[�KPEGPVKXG�CU�C�HTCEVKQP�QH�ECRKVCN 'PGTI[�2QNKE[�#EV� 2GTEGPV

EQUV� �����

72+)57$� 2TQFWEVKQP�RQNKE[�KPEGPVKXG� 'PGTI[�2QNKE[�#EV� OKNNU�M9J

�����

7281/�
���� 8CTKCDNG�1�/�EQUV�HQT�RJQVQXQNVCKE�VGEJPQNQI[� '24+�6#)������� OKNNU�M9J

7281/�
���� 8CTKCDNG�1�/�EQUV�HQT�UQNCT�VJGTOCN�VGEJPQNQI[� %'%������� OKNNU�M9J

72(1/�
���� (KZGF�1�/�EQUV�HQT�RJQVQXQNVCKE�VGEJPQNQI[� '24+�6#)������� OKNNU�M9

72(1/�
���� (KZGF�1�/�EQUV�HQT�UQNCT�VJGTOCN�VGEJPQNQI[� 5CPFKC�0CVKQPCN OKNNU�M9

.CDQTCVQT[�

95528'. 2TQVQV[RG�RJQVQXQNVCKE�U[UVGO�ECRCEKV[�HCEVQT�HQT 04'.������� 2GTEGPV

'//�TGIKQP�P�KP�VKOG�RGTKQF�p�KP�[GCT�[�
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Table 4A-1.  NEMS Solar Model Inputs and Outputs (Continued)

/QFGN�8CTKCDNG &GHKPKVKQP�CPF�&KOGPUKQPU 5QWTEG 7PKVU

95556'. 2TQVQV[RG�UQNCT�VJGTOCN�U[UVGO�ECRCEKV[�HCEVQT�HQT %'%������� 7PKVNGUU

'//�TGIKQP�P�KP�VKOG�RGTKQF�R�KP�[GCT�[�

72%.;4� %QPUVTWEVKQP�RGTKQF� %'%������� ;GCTU

72%241� %QORNGVKQP�HTCEVKQP� %'%������� 2GTEGPV

'((/7.28 'HHKEKGPE[�OWNVKRNKGT�HQT�RJQVQXQNVCKE�VGEJPQNQI[ '+#��GZRGTV�LWFIOGPV AA

'((/7.56 'HHKEKGPE[�OWNVKRNKGT�HQT�UQNCT�VJGTOCN�VGEJPQNQI[ '+#��GZRGTV�LWFIOGPV AA

��#UUKIPGF�KP�'//�KPRWV�HKNG�'%2&#6�

/1&'.�+0276� 9%#28'.

&'(+0+6+10� %QPUVTCKPV�HQT�28�ECRCEKV[�TGUQWTEG�KP�'//�TGIKQP�P��CPF�[GCT�[�
/9��

6JG�XCTKCDNG�KU�EWTTGPVN[�WUGF�VQ�TGRTGUGPV�GUVKOCVGF�OKPKOWO�
(NQQT��ECRCEKV[�RNCPU�KP�VJG�'//�

'+#� WUGU� QHH�NKPG� GUVKOCVGU� VQ� CUUKIP� TGIKQPCN� ECRCEKVKGU� VJCV� TGRTGUGPV� KPUVCNNCVKQPU� HQT

GZRGTKOGPVCN�TGCUQPU�QT�HQT�EQOOGTEKCN�VGUVKPI�

5174%'� '+#�� GZRGTV� LWFIOGPV� HQNNQYKPI� FKUEWUUKQPU� YKVJ� KPFWUVT[�� IQXGTPOGPV�� CPF

PCVKQPCN�NCDQTCVQT[�UQWTEGU�

/1&'.�+0276� 9%#56'.

&'(+0+6+10� %QPUVTCKPV�HQT�UQNCT�VJGTOCN�ECRCEKV[�TGUQWTEG�KP�'//�TGIKQP�P��CPF�[GCT�[


/9��

6JG�XCTKCDNG�KU�EWTTGPVN[�WUGF�VQ�TGRTGUGPV�GUVKOCVGF�OKPKOWO�
(NQQT��ECRCEKV[�RNCPU�KP�VJG�'//�

'+#�WUGU�QHH�NKPG�GUVKOCVGU�VQ�CUUKIP�TGIKQPCN�ECRCEKVKGU�VJCV�TGRTGUGPV�HWVWTG�KPUVCNNCVKQPU�QH�QVJGT

56�VGEJPQNQIKGU�
UWEJ�CU�FKUJ�5VKTNKPI�CPF�VTQWIJ���CPF�KPUVCNNCVKQPU�HQT�GZRGTKOGPVCN�TGCUQPU�QT

HQT�EQOOGTEKCN�VGUVKPI�

5174%'� '+#�� GZRGTV� LWFIOGPV� HQNNQYKPI� FKUEWUUKQPU� YKVJ� KPFWUVT[�� IQXGTPOGPV�� CPF

PCVKQPCN�NCDQTCVQT[�UQWTEGU�
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/1&'.�+0276� 72184�
���

&'(+0+6+10� %CRKVCN� EQUV� 
PVJ�QH�C�MKPF�� HQT� 28� VGEJPQNQI[� KP� '//� TGIKQP� P� CPF

[GCT�[�
��M9��

5174%'� 'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��K6GEJPKECN�#UUGUUOGPV�)WKFG������
6#)��L

�����

/1&'.�+0276� 72184�
���

&'(+0+6+10� %CRKVCN�EQUV�
PVJ�QH�C�MKPF��HQT�UQNCT�VJGTOCN�VGEJPQNQI[�KP�'//�TGIKQP

P�CPF�[GCT�[�
��M9��

5174%'� &GTKXGF�HTQO�5CPFKC�0CVKQPCN�.CDQTCVQT[���6GEJPQNQI[�%JCTCEVGTK\CVKQP�L�&TCHV�

,WN[���������

/1&'.�+0276� 72+%%(

&'(+0+6+10� +PXGUVOGPV�RQNKE[�KPEGPVKXG�HQT�VGEJPQNQI[�V�CPF�[GCT�[�
��M9��

6JKU�KU�EWTTGPVN[�UGV�CV����RGTEGPV�QH�VJG�ECRKVCN�EQUV��DCUGF�QP�C����RGTEGPV�KPXGUVOGPV�VCZ�ETGFKV�

5174%'� 'PGTI[�2QNKE[�#EV�QH������
2�.������������6KVNG�����5GEVKQP������

/1&'.�+0276� 72+)57$

&'(+0+6+10� 2TQFWEVKQP�RQNKE[�KPEGPVKXG�HQT�VGEJPQNQI[�V�CPF�[GCT�[�
��M9J��

#�XCNWG�QH����OKNNU�RGT�MKNQYCVV�JQWT�HQT�VJG�[GCTU������VJTQWIJ������CPF�\GTQ�HQT�CNN�QVJGT�[GCTU

KU�CUUKIPGF�HQT�CNN�TGIKQPU��DCUGF�QP�5GEVKQP������QH�VJG�'PGTI[�2QNKE[�#EV�QH�������6JG�CEV�UVCVGU

VJCV�VJG�KPEGPVKXG�KU�RC[CDNG�HQT�VGP�[GCTU�HQT�C�HCEKNKV[�VJCV�HKTUV�IGPGTCVGU�GNGEVTKEKV[�FWTKPI�VJG

VGP�HKUECN�[GCT�RGTKQF�QEEWTTKPI�CHVGT�GPCEVOGPV��5KPEG�UQNCT�VJGTOCN�VGEJPQNQI[�KU�PQV�UEJGFWNGF

VQ�QEEWT�WPVKN�������KV�YQWNF�UGGO�CRRTQRTKCVG�VQ�UJKHV�VJKU�KPEGPVKXG�HQT�VJCV�VGEJPQNQI[�VQ�VJG

[GCTU������VJTQWIJ�������6JG�KPEGPVKXG�KU�NGXGNK\GF�QXGT�VJG�NKHG�QH�VJG�RNCPV�

5174%'� 'PGTI[�2QNKE[�#EV�QH�������2WDNKE�.CY����������5GEVKQP������

/1&'.�+0276� 7281/�
���

&'(+0+6+10� 8CTKCDNG�1�/�EQUVU�KP�'//�TGIKQP�P�CPF�[GCT�[
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6JG�XCTKCDNG�1�/�EQUVU�HQT�VJG�28�VGEJPQNQI[�CTG�UGV�VQ�\GTQ�HQT�CNN�'//�TGIKQPU�CPF�CNN�[GCTU�

5174%'� &GTKXGF�D[�'+#��1HHKEG�QH�+PVGITCVGF�#PCN[UKU�CPF�(QTGECUVKPI��HTQO�'NGEVTKE

2QYGT�4GUGCTEJ�+PUVKVWVG��K6GEJPKECN�#UUGUUOGPV�)WKFG������
6#)��L������

/1&'.�+0276� 7281/�
���

&'(+0+6+10� 8CTKCDNG�1�/�EQUVU�KP�'//�TGIKQP�P�CPF�[GCT�[

6JG�XCTKCDNG�1�/�EQUVU�HQT�VJG�56�VGEJPQNQI[�CTG�UGV�VQ�\GTQ�HQT�CNN�'//�TGIKQPU�CPF�CNN�[GCTU�

5174%'� 6JG�%CNKHQTPKC�'PGTI[�%QOOKUUKQP��/GOQTCPFWO���6GEJPQNQI[�%JCTCEVGTK\CVKQP

HQT�'4���L�#WIWUV���������

/1&'.�+0276� 72(1/�
���

&'(+0+6+10� (KZGF�1�/�EQUV�HQT�RJQVQXQNVCKE�VGEJPQNQI[�KP�'//�TGIKQP�P�CPF�[GCT�[


��M9��

5174%'� &GTKXGF�D[�'+#��1HHKEG�QH�+PVGITCVGF�#PCN[UKU�CPF�(QTGECUVKPI��HTQO�'NGEVTKE

2QYGT�4GUGCTEJ�+PUVKVWVG��K6GEJPKECN�#UUGUUOGPV�)WKFG������
6#)��L������

/1&'.�+0276� 72(1/�
���

&'(+0+6+10� (KZGF�1�/�EQUV�HQT�UQNCT�VJGTOCN�VGEJPQNQI[�KP�'//�TGIKQP�P�CPF�[GCT�[


��M9��

5174%'� &GTKXGF�HTQO�5CPFKC�0CVKQPCN�.CDQTCVQT[���6GEJPQNQI[�%JCTCEVGTK\CVKQP�L�&TCHV�

,WN[���������

/1&'.�+0276� 95528'.

&'(+0+6+10� 6KOG�UGIOGPV�U[UVGO�ECRCEKV[�HCEVQT�HQT�28�KP�'//�TGIKQP�P�KP�VKOG

RGTKQF�R�KP�[GCT�[�
2GTEGPV��

5174%'� 0CVKQPCN�4GPGYCDNG�'PGTI[�.CDQTCVQT[��/GOQTCPFWO�HCEUKOKNG� VTCPUOKUUKQP�

#WIWUV�����������%JTKUV[�*GTKI�VQ�6JQOCU�2GVGTUKM�
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/1&'.�+0276� 95556'.

&'(+0+6+10� 6KOG�UGIOGPV�ECRCEKV[�HCEVQT�HQT�UQNCT�VJGTOCN�U[UVGO�KP�'//�TGIKQP�P

KP�VKOG�RGTKQF�R�KP�[GCT�[�
7PKVNGUU��

5QNCT�VJGTOCN�ECRCEKV[�HCEVQTU��D[�TGIKQP�CPF�VKOG�UGIOGPV��CTG�FGTKXGF�D[�'+#�HTQO�HCEVQTU

RTQXKFGF�D[�04'.��CNN�04'.�ECRCEKV[�HCEVQTU�CTG�CFLWUVGF�D[�C�EQPUVCPV�
��������YJKEJ�[KGNFU

CP�CXGTCIG�CPPWCN�ECRCEKV[�HCEVQT�HQT�%CNKHQTPKC�
'//�TGIKQP�����OCVEJKPI�VJG�%CNKHQTPKC�'PGTI[

%QOOKUUKQP�
%'%��CXGTCIG�HQT�VJCV�TGIKQP�

5174%'5� 0CVKQPCN�4GPGYCDNG�'PGTI[�.CDQTCVQT[��DCUGF�QP�VQVCN�UQNCT�TCFKCVKQP�FCVC�HTQO

VJG�0CVKQPCN�5QNCT�4CFKCVKQP�&CVCDCUG�

6JG�%CNKHQTPKC�'PGTI[�%QOOKUUKQP��/GOQTCPFWO���6GEJPQNQI[�%JCTCEVGTK\CVKQP

HQT�'4���L�#WIWUV���������

/1&'.�+0276� 72%.;4

&'(+0+6+10� %QPUVTWEVKQP�RGTKQF�QH� VGEJPQNQI[� V��[GCTU�� 
5QNCT�6JGTOCN�� V����28�

V����

5174%'5� (QT�56�� 6JG� %CNKHQTPKC� 'PGTI[� %QOOKUUKQP�� /GOQTCPFWO�� �6GEJPQNQI[

%JCTCEVGTK\CVKQP�HQT�'4���L�#WIWUV���������

(QT�28� 'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��K6GEJPKECN�#UUGUUOGPV�)WKFG�����


6#)��L������

/1&'.�+0276� 72%241

&'(+0+6+10� (TCEVKQP�QH�EQPUVTWEVKQP�QH�VGEJPQNQI[�V�EQORNGVGF�KP�[GCT�[�
2GTEGPV��


5QNCT�6JGTOCN��V����28��V����

5174%'5� (QT�56�� 6JG� %CNKHQTPKC� 'PGTI[� %QOOKUUKQP�� /GOQTCPFWO�� �6GEJPQNQI[

%JCTCEVGTK\CVKQP�HQT�'4���L�#WIWUV���������

(QT�28� 'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��K6GEJPKECN�#UUGUUOGPV�)WKFG�����


6#)��L������

/1&'.�+0276� '((/7.28

&'(+0+6+10� 'HHKEKGPE[�OWNVKRNKGT�CRRNKGF�VQ�VJG�VKOG�UGIOGPV�ECRCEKV[�HCEVQTU�HQT�28�
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6JG� GHHKEKGPE[� OWNVKRNKGT� HQT� XCNWGU�  � ���� CNNQYU� OQFGNKPI� U[UVGO

KORTQXGOGPVU�VJCV�KPETGCUG�VJG�ECRCEKV[�HCEVQT�D[�WVKNK\KPI�NQYGT�GPGTI[

UQNCT�KPUQNCVKQP�

5174%'� '+#�� GZRGTV� LWFIOGPV� HQNNQYKPI� FKUEWUUKQPU� YKVJ� KPFWUVT[�� IQXGTPOGPV�� CPF

PCVKQPCN�NCDQTCVQT[�UQWTEGU�

/1&'.�+0276� '((/7.56

&'(+0+6+10� 'HHKEKGPE[�OWNVKRNKGT�CRRNKGF�VQ�VJG�VKOG�UGIOGPV�ECRCEKV[�HCEVQTU�HQT�UQNCT

VJGTOCN�VGEJPQNQI[�

6JG� GHHKEKGPE[� OWNVKRNKGT� HQT� XCNWGU�  � ���� CNNQYU� OQFGNKPI� U[UVGO

KORTQXGOGPVU�VJCV�KPETGCUG�VJG�ECRCEKV[�HCEVQT�D[�WVKNK\KPI�NQYGT�GPGTI[

UQNCT�KPUQNCVKQP�
UGV�VQ�\GTQ�HQT�UQNCT�VJGTOCN��

5174%'� '+#�� GZRGTV� LWFIOGPV� HQNNQYKPI� FKUEWUUKQPU� YKVJ� KPFWUVT[�� IQXGTPOGPV�� CPF

PCVKQPCN�NCDQTCVQT[�UQWTEGU�
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Appendix 4-B:  Mathematical Description

6JG�51.#4�UWDOQFWNG�FQGU�PQV�KPEQTRQTCVG�CP[�OQFGNKPI�GSWCVKQPU��+V�CUUKIPU�XCNWGU�VJCV�CTG

TGCF�HTQO�KPRWV�HKNGU��VQ�VJG�CRRTQRTKCVG�4(/�EQOOQP�DNQEMU�



Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—Solar 81

Appendix 4-C:  Bibliography

%CNKHQTPKC�'PGTI[�%QOOKUUKQP��������'PGTI[�6GEJPQNQI[�5VCVWU�4GRQTV���&GEGODGT������

%CNKHQTPKC� 'PGTI[� %QOOKUUKQP�� /GOQTCPFWO�� K6GEJPQNQI[� %JCTCEVGTK\CVKQP� HQT� '4���L

#WIWUV���������

'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��K6GEJPKECN�#UUGUUOGPV�)WKFG������
6#)��L������

'PGTI[�2QNKE[�#EV�QH�������2WDNKE�.CY����������5GEVKQP������

0CVKQPCN�4GPGYCDNG�'PGTI[�.CDQTCVQT[���0CVKQPCN�5QNCT�4CFKCVKQP�&CVC�$CUG� 
����� �������

8GTUKQP�����054&$�8QNWOG����5GRVGODGT���������2TGRCTGF�D[�04'.��FKUVTKDWVGF�D[

0CVKQPCN�%NKOCVKE�&CVC�%GPVGT��#UJGXKNNG��0%�������

0CVKQPCN�4GPGYCDNG�'PGTI[�.CDQTCVQT[��/GOQTCPFWO�HCEUKOKNG�VTCPUOKUUKQP��#WIWUV����������

%JTKUV[�*GTKI�VQ�6JQOCU�2GVGTUKM�
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Appendix 4-D:  Model Abstract

Model Name:
5QNCT�5WDOQFWNG

Model Acronym:
51.#4

Description:
51.#4� FGHKPGU� QH� EQUVU� CPF� RGTHQTOCPEG� EJCTCEVGTKUVKEU� HQT� RJQVQXQNVCKE� CPF� UQNCT� VJGTOCN

GNGEVTKEKV[�IGPGTCVKPI�U[UVGOU�D[�'//�TGIKQP�CPF�[GCT��'//�TGIKQPU�CTG�DCUGF�QP�VJG�0QTVJ

#OGTKECP�'NGEVTKE�4GNKCDKNKV[�%QWPEKN�
0'4%��TGIKQPU�CU�OQFKHKGF�D[�VJG�'PGTI[�+PHQTOCVKQP

#FOKPKUVTCVKQP� 
'+#�� HQT�0'/5��(QT�28� VGEJPQNQIKGU�� CNN�'//�TGIKQPU�CTG� TGRTGUGPVGF� KP

51.#4�� (QT� 56� VGEJPQNQIKGU�� JQYGXGT�� QPN[� UKZ� UGNGEVGF� TGIKQPU� CTG� TGRTGUGPVGF�� UKPEG

KPUWHHKEKGPV�FKTGEV�PQTOCN�KPUQNCVKQP�
UWPNKIJV��DCTU�VJKU�VGEJPQNQI[�YKNN�HTQO�QVJGT�TGIKQPU�QH�VJG

EQWPVT[�

Purpose of the Model:
6JG�RWTRQUG�QH�VJG�0'/5�5QNCT�5WDOQFWNG�
51.#4��KU�VQ�FGHKPG�VJG�EQUVU�CPF�RGTHQTOCPEG

EJCTCEVGTKUVKEU�QH�5QNCT�6JGTOCN�
56��CPF�2JQVQXQNVCKE�
28��GNGEVTKEKV[�IGPGTCVKPI�VGEJPQNQIKGU

CPF�VQ�RCUU�VJGO�VQ�VJG�'//�HQT�ECRCEKV[�RNCPPKPI�FGEKUKQPU�

Most Recent Model Update:
1EVQDGT�������

Part of Another Model?:
6JG�5QNCT�5WDOQFWNG�KU�C�EQORQPGPV�QH�VJG�4GPGYCDNG�(WGNU�/QFWNG�
4(/��QH�VJG�0CVKQPCN

'PGTI[�/QFGNKPI�5[UVGO�
0'/5��

Official Model Representative:
6JQOCU�2GVGTUKM

%QCN��7TCPKWO��CPF�4GPGYCDNG�(WGNU�#PCN[UKU�$TCPEJ

'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP


�������������

Documentation:
0'/5�&QEWOGPVCVKQP�4GRQTV���4GPGYCDNG�(WGNU�/QFWNG�QH�VJG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO�

,CPWCT[������

Archive Media and Installation Manual(s):
#TEJKXGF�CU�RCTV�QH�VJG�0'/5�RTQFWEVKQP�TWPU�
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Energy System Described:
5QNCT�VJGTOCN�RGTHQTOCPEG�KU�DCUGF�QP�C�EGPVTCN�TGEGKXGT�U[UVGO�YKVJ�OQNVGP�UCNV�UVQTCIG��6JG

UVQTCIG�CNNQYU�VJG�GNGEVTKEKV[�QWVRWV�VQ�DG�FKURCVEJGF�QXGT�C�UQOGYJCV�NQPIGT�RGTKQF�VJCP�JQWTU

QH�JKIJGUV�UQNCT�KPUQNCVKQP��#V�NQY�NGXGNU�QH�KPUQNCVKQP�VJG�QWVRWV�QH�VJG�EGPVTCN�TGEGKXGT�U[UVGO�KU

\GTQ��1PEG�VJG�KPUQNCVKQP�GZEGGFU�C�VJTGUJQNF�NGXGN�UWHHKEKGPV�VQ�QXGTEQOG�VJGTOCN�NQUUGU��VJG�FCKN[

VQVCN�QWVRWV�KU�CUUWOGF�VQ�DG�NKPGCT�YKVJ�VQVCN�FCKN[�KPUQNCVKQP��6JG�QWVRWV�KU�CNNQECVGF�HKTUV�VQ�FC[

RGTKQFU��VJGP�VQ�GXGPKPI�RGTKQFU��CPF�VJGP�VQ�PKIJVVKOG�RGTKQFU��2JQVQXQNVCKE�RGTHQTOCPEG�KU�DCUGF

QP�C�HKZGF�CZKU�28�U[UVGO��6JG�VGEJPQNQI[�EJCTCEVGTK\CVKQP�CUUWOGU�VJCV�TCVGF�QWVRWV�KU�TGCEJGF

CV�CP�KPUQNCVKQP�NGXGN�QH������9CVVU�RGT�USWCTG�OGVGT��

Coverage:

� )GQITCRJKE������'//�TGIKQPU���'CUV�%GPVTCN��6GZCU��/KF�#VNCPVKE��/KF�#OGTKEC��/KF�

%QPVKPGPV��0QTVJGCUV��0GY�'PINCPF��(NQTKFC��5QWVJGCUVGTP��5QWVJYGUV��9GUVGTP��4QEM[

OQWPVCKP���#TK\QPC��%CNKHQTPKC���5Q��0GXCFC��#NCUMC��CPF�*CYCKK�

� 6KOG�7PKV�(TGSWGPE[���#PPWCN�������VJTQWIJ������

� 2TQFWEVU���'NGEVTKEKV[�

Modeling Features:

Non-DOE Input Sources:

%CNKHQTPKC�'PGTI[�%QOOKUUKQP��%QUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU��UQNCT�VJGTOCN�VGEJPQNQI[�

'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG��%QUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU��28�VGEJPQNQI[�

'PGTI[�2QNKE[�#EV�QH�����

� 2TQFWEVKQP�RQNKE[�KPEGPVKXG�

+45�6CZ�%QFG

� ���RGTEGPV�KPXGUVOGPV�VCZ�ETGFKV�

0CVKQPCN�5QNCT�4CFKCVKQP�&CVCDCUG

� 4GIKQPCN�+PUQNCVKQP

DOE Input Sources:

� 1HHKEG�QH�'PGTI[�'HHKEKGPE[�CPF�4GPGYCDNG�'PGTI[��K6GEJPQNQI[�%JCTCEVGTK\CVKQPU�L

FTCHV��/C[������
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Computing Environment:

� *CTFYCTG�7UGF���+$/�45����

� 1RGTCVKPI�5[UVGO��7PKZ

� .CPIWCIG�5QHVYCTG�7UGF���85�(1464#0��8GT������

Independent Expert Reviews Conducted:
0QPG�

Status of Evaluation Efforts by Sponsor:
0QPG�
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Appendix 4-E:  Data Quality and Estimation Processes

6JKU�#RRGPFKZ�FKUEWUUGU�
���VJG�SWCNKV[�QH�VJG�RTKPEKRCN�UQWTEGU�QH�KPRWV�FCVC�WUGF�KP�VJG�5QNCT

5WDOQFWNG��CNQPI�YKVJ�C�FKUEWUUKQP�QH�WUGT�FGHKPGF�RCTCOGVGTU�CPF�IWKFGNKPGU�WUGF�VQ�UGNGEV�VJGO�

CPF�
���GUVKOCVKQP�OGVJQFU�WUGF�VQ�FGTKXG�RCTCOGVGTU�

Solar Thermal Performance

5QNCT�VJGTOCN�RGTHQTOCPEG�
ECRCEKV[�HCEVQT��KU�DCUGF�QP�C�EGPVTCN�TGEGKXGT�U[UVGO�YKVJ�OQNVGP�UCNV

UVQTCIG��6JG�UVQTCIG�CNNQYU�VJG�GNGEVTKEKV[�QWVRWV�VQ�DG�FKURCVEJGF�CV�CP[�VKOG�QH�FC[��K�G���KV�KU

�FGEQWRNGF��HTQO�VJG�RGTKQFU�QH�JKIJ�KPUQNCVKQP��$GECWUG�KV�WUGU�EQPEGPVTCVQTU��VJG�EGPVTCN�TGEGKXGT

U[UVGO�ECP�WVKNK\G�QPN[�FKTGEV�KPUQNCVKQP�

5QNCT�VJGTOCN�EQUV�CPF�RGTHQTOCPEG�GUVKOCVGU�CTG�QDVCKPGF�RTKOCTKN[�HTQO�VJG�%CNKHQTPKC�'PGTI[

%QOOKUUKQP�� K6GEJPQNQI[� %JCTCEVGTK\CVKQP� HQT� '4����� RJQVQXQNVCKE� EQUV� CPF� RGTHQTOCPEG

GUVKOCVGU� CTG� QDVCKPGF� RTKOCTKN[� HTQO� VJG� 'NGEVTKE� 2QYGT� 4GUGCTEJ� +PUVKVWVG�� K6GEJPKECN

#UUGUUOGPV�)WKFG������
6#)��L�������%CRCEKV[�HCEVQTU�HQT�DQVJ�VGEJPQNQIKGU�CTG�FGVGTOKPGF�D[

'+#�DCUGF�QP�GUVKOCVGU�KP�VJG�K6[RKECN�/GVGQTQNQIKECN�;GCTL�FCVC�DCUG�QH�VJG�0CVKQPCN�4GPGYCDNG

'PGTI[�.CDQTCVQT[��CPF�CFLWUVGF�VQ�OCVEJ�QXGTCNN�GUVKOCVGU�CEEQORCP[KPI�VJG�VGEJPQNQI[�EQUV�CPF

RGTHQTOCPEG�EJCTCEVGTK\CVKQPU��+P�CNN�ECUGU��EJCTCEVGTKUVKEU�UGNGEVGF�HQT�'+#�WUG�CTG�EQORCTGF�YKVJ

CP[�QVJGT�CXCKNCDNG�OGCUWTGU�QT�GUVKOCVGU��CU�QDVCKPGF�HTQO�5VCVG�QT�HGFGTCN�IQXGTPOGPV�QHHKEGU�

KPFWUVT[��VTCFG��CPF�RTKXCVG�TGUGCTEJ�CPF�CPCN[UKU�HKTOU�

#NN� EQUV� CPF�RGTHQTOCPEG�GUVKOCVGU�CTG�OCFG�CXCKNCDNG�HQT�TGXKGY�YKVJKP�'+#�� VJG[�CTG�CNUQ

EKTEWNCVGF�HQT�EQOOGPV�COQPI�CRRTQRTKCVG�&1'�QHHKEGU�KP�VJG�1HHKEG�QH�'PGTI[�'HHKEKGPE[�CPF

4GPGYCDNG�'PGTI[IU�1HHKEG�QH�7VKNKV[�6GEJPQNQIKGU��HKPCNN[��VJG�GUVKOCVGU�CTG�OCFG�CXCKNCDNG�HQT

QWVUKFG�WUGU�CPF�EQOOGPV��DQVJ�KP�TGURQPUG�VQ�URGEKHKE�TGSWGUVU�CPF�KP�'+#�URQPUQTGF�HQTWOU�

+PFKXKFWCN�EQUV�CPF�RGTHQTOCPEG�GNGOGPVU�HQT�UQNCT�VGEJPQNQIKGU�CPF�GUVKOCVGU�HQT�ECRCEKV[�HCEVQTU

JCXG�DGGP�TGXKUGF�
KPENWFKPI�KP������CPF�������KP�TGURQPUG�VQ�UWEJ�EQOOGPVU�

Photovoltaic Performance

2JQVQXQNVCKE�RGTHQTOCPEG�KU�DCUGF�QP�C�HKZGF�CTTC[�28�U[UVGO��6JG�VGEJPQNQI[�EJCTCEVGTK\CVKQP

CUUWOGU�VJCV�RGCM�TCVGF�QWVRWV�KU�TGCEJGF�CV�CP�KPUQNCVKQP�NGXGN�QH������9CVVU�RGT�USWCTG�OGVGT�

6JG�HTCEVKQP�QH�TCVGF�ECRCEKV[�QH�VJG�28�U[UVGO�KU�CUUWOGF�VQ�XCT[�NKPGCTN[�YKVJ�
FKTGEV�RNWU

FKHHWUG��KPUQNCVKQP��UQ�VJCV�CV�CP[�KPUVCPV�VJG�ECRCEKV[�KU�GSWCN�VQ�VJG�KPUQNCVKQP�KP�9�O �FKXKFGF�

D[������



Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—Biomass 89

5.  Biomass Submodule

Model Purpose

6JG�RWTRQUG�QH�VJG�$KQOCUU�5WDOQFWNG�KU�VQ�HWTPKUJ�EQUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU�QH�VJG

DKQOCUU�ICUKHKECVKQP�KPVGITCVGF�EQODKPGF�E[ENG�
$+)%%��VGEJPQNQI[�VQ�VJG�'NGEVTKEKV[�/CTMGV

/QFWNG�
'//��QH�VJG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO�
0'/5���6JG�UWDOQFWNG�WVKNK\GU�C

TGIKQPCN�DKQOCUU�UWRRN[�UEJGFWNG�HTQO�YJKEJ�VJG�DKQOCUU�RTKEG�KU�FGVGTOKPGF��6JG�DKQOCUU�UWRRN[

UEJGFWNG�KU�DCUGF�QP�VJG�CEEGUUKDKNKV[�QH�DKQOCUU�TGUQWTEGU�D[�VJG�EQPUWOKPI�UGEVQTU�HTQO�GZKUVKPI

YQQF�TGUQWTEGU�CPF�HWVWTG�DKQOCUU�GPGTI[�ETQRU�

$GIKPPKPI�YKVJ�#'1����EQUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU�YJKEJ�CTG�FGHKPGF�EQPUKUVGPV�YKVJ

HQUUKN�CPF�QVJGT�VGEJPQNQI[�EJCTCEVGTKUVKEU�TGUKFG�KP�VJG�'//�KPRWV�HKNG�'%2&#6�

2GTHQTOCPEG� EJCTCEVGTKUVKEU� WPKSWG� VQ� VJG� DKQOCUU� ICUKHKECVKQP� KPVGITCVGF� EQODKPGF� E[ENG

VGEJPQNQI[�
UWEJ�CU�JGCV�TCVGU�CPF�XCTKCDNG�1�/�EQUVU��CTG�EQORWVGF�KP�VJKU�UWDOQFWNG�CPF�VJGP

RCUUGF�VQ�VJG�'//�

6JG�HWGN�EQORQPGPV�QH�VJG�EQUV�EJCTCEVGTKUVKE�KU�FGVGTOKPGF�HTQO�VJG�TGIKQPCN�DKQOCUU�UWRRN[

UEJGFWNGU�CPF�VJGP�EQPXGTVGF�VQ�C�XCTKCDNG�1�/�EQUV�

Relationship of the Biomass Submodule to Other Models

6JG�$KQOCUU�5WDOQFWNG� KPVGTCEVU�YKVJ�'//�CPF� VJG� UGEVQTCN�FGOCPF�OQFWNGU�� +V�FQGU�PQV

KPVGTCEV� YKVJ� QVJGT� UWDOQFWNGU� KP� VJG� 4(/�� 4GIKQPCN� DKQOCUU� EQPUWORVKQP� FCVC� HTQO� VJG

EQOOGTEKCN��KPFWUVTKCN��CPF�GNGEVTKEKV[�OQFWNGU�CTG�WUGF�KP�VJG�DKQOCUU�OQFWNG�VQ�FGVGTOKPG�VJG

TGIKQPCN�DKQOCUU�UWRRN[�RTKEG��#�VQVCN�ECRCEKV[�RQVGPVKCN�KU�ECNEWNCVGF�HTQO�TGIKQPCN�UWRRN[�EWTXG

FCVC�CPF�GCEJ�[GCT��VJG�CEEWOWNCVGF�ECRCEKV[�HTQO�VJG�'//�KU�OGCUWTGF�CICKPUV�VJKU�NKOKV�CPF

KU�EQPUVTCKPGF�KH�KV�GZEGGFU�VJG�NKOKV�

Modeling Rationale

Theoretical Approach

6JG�DKQOCUU�WUG�KP�0'/5�KU�FGEQORQUGF�CPF�OQFGNGF�CU�VYQ�FKUVKPEV�OCTMGVU��VJG�ECRVKXG�CPF

PQPECRVKXG�DKQOCUU�OCTMGVU��6JG�ECRVKXG�OCTMGV�RGTVCKPU�VQ�WUGTU�YKVJ�FGFKECVGF�DKQOCUU�UWRRNKGU

VJCV�QDVCKP�GPGTI[�D[�DWTPKPI�DKQOCUU�D[RTQFWEVU�TGUWNVKPI�HTQO�VJG�OCPWHCEVWTKPI�RTQEGUU�
K�G��

VJG�RWNR�CPF�RCRGT�CPF�HQTGUV�RTQFWEVU�KPFWUVTKGU���6JG�DKQOCUU�YCUVG�EQODWUVKQP�KP�ECRVKXG

OCTMGVU�UGTXGU�VJG�FWCN�TQNG�QH�GPGTI[�UWRRNKGT�CPF�YCUVG�FKURQUCN�OGVJQF��6JG�ECRVKXG�DKQOCUU

OCTMGV�KU�OQFGNGF�D[�VJG�KPFWUVTKCN�OQFWNG�QH�0'/5�



9KPPGVV�� 5�� GV� CN�� �(QTGUV� CPF� #ITKEWNVWTCN� 5GEVQT� 1RVKOK\CVKQP� /QFGN�� /QFGN� &GUETKRVKQP�L� 'PXKTQPOGPVCN
�

2TQVGEVKQP�#IGPE[��%NKOCVG�%JCPIG�&KXKUKQP��/CTEJ����������
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6JG� PQPECRVKXG�DKQOCUU�OCTMGV� KU� TGRTGUGPVGF� KP� VJG�$KQOCUU�5WDOQFWNG�QH� VJG�4(/��6JG

PQPECRVKXG�OCTMGV�KU�FGHKPGF�VQ�KPENWFG�VJG�EQOOGTEKCN�CPF�GNGEVTKE�WVKNKV[�UGEVQTU��CU�YGNN�CU�VJG

TGUQWTEGU�OCTMGVGF�KP�VJG�KPFWUVTKCN�UGEVQT��+V�KU�PGEGUUCT[�VQ�KPENWFG�EQOOGTEKCN�CPF�KPFWUVTKCN

EQPUWORVKQP� KP�QTFGT� VQ�RTQRGTN[�GUVKOCVG� UWRRN[�CPF�FGOCPF�EQPFKVKQPU�� CU� VJGUG� TGRTGUGPV

CNVGTPCVKXG�GEQPQOKE�WUGU�QH�VJG�DKQOCUU�UWRRN[��6JGTG�KU�CP�CFFKVKQPCN�PQPECRVKXG�OCTMGV�UGTXKPI

TGUKFGPVKCN�WUGU�QH�DKQOCUU��6JKU�OCTMGV�KU�OQFGNGF�KP�VJG�TGUKFGPVKCN�FGOCPF�OQFWNG��

$GECWUG�QH�VJG�UECTEKV[�QH�TGNKCDNG�FCVC�CPF�VJG�TGNCVKXGN[�UOCNN�UK\G�QH�VJG�PQPECRVKXG�OCTMGV��'+#

FGEKFGF�VQ�FGXGNQR�C�HCKTN[�UKORNG�OQFGN�UVTWEVWTG�EQPUKUVKPI�QH�QPG�UWRRN[�UEJGFWNG�RGT�TGIKQP�

6JKU�UEJGFWNG�FGHKPGU�VJG�SWCPVKV[�CPF�EQUV�TGNCVKQPUJKRU�QH�DKQOCUU�TGUQWTEGU�CEEGUUKDNG�D[�CNN

PQPECRVKXG��PQP�TGUKFGPVKCN�EQPUWOGTU��+V�KU�DCUGF�QP�CP�CIITGICVKQP�QH�UWRRN[�RTKEG�KPHQTOCVKQP

HTQO� 7�5�� (QTGUV� 5GTXKEG� CPF� HQTGUV� RTQFWEV� GZRGTVU�� 6JG�YQQF� RQTVKQP� QH� VJG� EQUV�UWRRN[

UEJGFWNG�KU�UVCVKE�VJTQWIJQWV�VJG�OQFGN�RGTKQF�

'PGTI[�ETQR�EQUV�UWRRN[�UEJGFWNGU�CTG�CNUQ�FGXGNQRGF�CPF�UWRGTKORQUGF�QPVQ�VJG�YQQF�VQVCN��6JKU

EQORQPGPV�YCU�FGXGNQRGF�YKVJ�VJG�WUG�QH�VJG�(QTGUV�CPF�#ITKEWNVWTCN�5GEVQT�1RVKOK\CVKQP�/QFGN


(#51/��QRGTCVGF�D[� VJG�7�5��'PXKTQPOGPVCN�2TQVGEVKQP�#IGPE[� �5GRCTCVG�UEJGFWNGU�YGTG�

FGXGNQRGF�HQT�GCEJ�[GCT�������VJTQWIJ������

Fundamental Assumptions

#�DCUKE�CUUWORVKQP�QH�VJG�$KQOCUU�5WDOQFWNG�KU�VJCV�VJG�UWRRN[�RTKEG�HQT�PQPECRVKXG�DKQOCUU

GPGTI[�KU�VJG�UCOG�CETQUU�CNN�UGEVQTU��6JKU�CUUWORVKQP�CNNQYU�VJG�EQPUVTWEVKQP�QH�C�UKPING�UWRRN[

UEJGFWNG�HQT�CNN�UGEVQTU�VQ�[KGNF�C�UWRRN[�RTKEG�HQT�VJG�GNGEVTKE�WVKNKV[�UGEVQT�

#PQVJGT�KORQTVCPV�HWPFCOGPVCN�CUUWORVKQP�TGNCVGU�VQ�VJG�VTGCVOGPV�QH�DKQOCUU�VTCPURQTVCVKQP�EQUVU�

6JG�FKHHKEWNV�CURGEV�QH�DWKNFKPI�UWRRN[�EWTXGU�HQT�DKQOCUU�KU�OQFGNKPI�VJG�GEQPQOKE�CEEGUUKDKNKV[

VQ�VJG�TGUQWTEG��TCVJGT�VJCP�GUVKOCVKPI�VJG�RJ[UKECN�COQWPV�QH�DKQOCUU�VJCV�ECP�DG�WUGF��6JKU

UWDOQFWNG� CUUWOGU�C�HKZGF��V[RKECN�� VTCPURQTVCVKQP�FKUVCPEG� KP�ECNEWNCVKPI�EQUVU��$CUGF�QP�C

JCWNKPI�FKUVCPEG�QH����OKNGU�CPF�������VQP�OKNG��EQUVU�YGTG�ECNEWNCVGF�CU�������//$VW�HQT�VTGGU

CPF�������//$VW�HQT�UYKVEJ�ITCUU��$GECWUG�PQ�KPVGTTGIKQPCN�DKQOCUU�VTCFG�GZKUVU��KV�KU�CUUWOGF

VJCV�PQ�DKQOCUU�KU�VTCPURQTVGF�COQPI�'//�TGIKQPU�

Alternative Approaches

6JGTG�CTG� NKOKVGF�GZCORNGU�QH�CNVGTPCVKXG�YQTMKPI�OQFGNU� VJCV� KPENWFG�OCTMGV�RGPGVTCVKQP�QH

DKQOCUU�VGEJPQNQI[��)GPGTCNN[��DKQOCUU�EQPXGTUKQP�ECP�DG�OQFGNGF�UKOKNCT�VQ�QVJGT�UQNKF�HWGN

VGEJPQNQIKGU��K�G��EQCN��YKVJ�CRRTQRTKCVG�CVVGPVKQP�VQ�EQUV�CUUWORVKQPU��6JG�WPKSWG�EJCTCEVGTKUVKEU

QH�VJKU�TGUQWTEG�TGUKFG�KP�VJG�VTGCVOGPV�QH�VJG�HWGN�UWRRN[�HWPEVKQP��



7�5��&GRCTVOGPV�QH�#ITKEWNVWTG��(QTGUV�5GTXKEG��K(QTGUV�5GTXKEGU�QH�VJG�7PKVGF�5VCVGU�������L�)GPGTCN�6GEJPKECN
�

4GRQTV�4/������5GRVGODGT������
TGXKUGF�,WPG�������

)TCJCO��4�.���GV�CN��1CM�4KFIG�0CVKQPCN�.CDQTCVQT[��K6JG�1CM�4KFIG�'PGTI[�%TQR�%QWPV[�.GXGN�&CVCDCUG�L
�

5GRVGODGT����������XGTUKQP��1CM�4KFIG��60�
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6JG�$KQOCUU�5WDOQFWNG�QH�0'/5�JCU�UGXGTCN�UKORNKH[KPI�HGCVWTGU�QH�KVU�UWRRN[�HWPEVKQPU�YJKEJ

OC[�QHHGT�QRRQTVWPKVKGU�HQT�KORTQXGOGPV��1PG�CUUWORVKQP�KU�VQ�NKOKV�KV�VQ�VJG�OCTMGVGF�RQTVKQP

QH�VJG�HWGN��YJGP�VJGTG�EQWNF�DG�KPVGTCEVKQP�YKVJ�GPVKVKGU�YKVJ�ECRVKXG�HWGN��K�G��VJG�HQTGUV�RTQFWEVU

KPFWUVT[��CU�YGNN�CU�YKVJ�VJG�TGUKFGPVKCN�HWGN�OCTMGV��#PQVJGT�UKORNKHKECVKQP�KU�VJG�CUUKIPOGPV�QH

C�EQPUVCPV�HCEVQT�HQT�VTCPURQTVCVKQP�EQUVU��6JG�HWGN�VTCPURQTV�EQUVU�EQWNF�DG�C�UKIPKHKECPV�UJCTG�QH

VJG�FGNKXGTGF�EQUVU�CPF�KV�YKNN�XCT[�EQPUKFGTCDN[�D[�VGTTCKP�CPF�FKUVCPEG�VQ�VJG�EQPXGTUKQP�HCEKNKV[�

#�RTGHGTTGF�OGVJQF��FCVC�CPF�TGUQWTEGU�RGTOKVVKPI��YQWNF�JCXG�VJGUG�XCTKCDNG�EQUVU�DWKNV�KPVQ�VJG

UWRRN[�EWTXGU��#�HKPCN�NKOKVKPI�CUUWORVKQP�RGTVCKPU�VQ�VJG�VTGCVOGPV�QH�EQORGVKPI�WUGU�QH�VJG

TGUQWTEG��GKVJGT�CU�NCPF�QT�CU�QVJGT�RTQFWEV�WUGU��(QT�GZCORNG��VJG�NCPF�EQWNF�DG�WUGF�HQT�QVJGT

HKDGT�QT�HQQF�ETQRU�QT�VJG�YQQF�EQWNF�DG�WUGF�HQT�EQPUVTWEVKQP��CV�CNVGTPCVG�RTKEGU��+P�VJG�KPKVKCN

RTGRCTCVKQP�QH�VJG�DKQOCUU�UWRRN[�EWTXGU�WUKPI�'2#IU�(#51/�OQFGN��OCP[�CURGEVU�QH�VJGUG

OCTMGVU�YGTG�DWKNV�KP� �*QYGXGT��DGECWUG�QH�QVJGT�NKOKVCVKQPU�QH�(#51/��RTKOCTKN[�IGQITCRJKE��

UKIPKHKECPV�RCTVU�QH�VJQUG�UWRRN[�EWTXGU�YGTG�TGRNCEGF�HQT�#'1���D[�UEJGFWNGU�FGXGNQRGF�HTQO

VJG�1CM�4KFIG�FCVCDCUG��YJKEJ�KU�UVCVKE� �#FFKVKQPCN�CPCN[UKU�KU�WPFGTYC[�YJKEJ�OC[�RGTOKV�DGVVGT�

VTGCVOGPV�QH�VJGUG�HCEVQTU�KP�UWDUGSWGPV�[GCTU�

Biomass Submodule Structure

Submodule Flow Diagram

#� HNQY� FKCITCO� UJQYKPI� VJG� OCKP� EQORWVCVKQPCN� UVGRU� CPF� TGNCVKQPUJKRU� QH� VJG� $KQOCUU

5WDOQFWNG�KU�UJQYP�KP�(KIWTG���

Key Computations and Equations

6JG�DKQOCUU�UWDOQFWNG�EQPUKUVU�QH�QPG�(1464#0�UWDTQWVKPG��+V�EQORWVGU�VJG�TGIKQPCN�DKQOCUU

UWRRN[� RTKEG� IKXGP� VJG� EWTTGPV� TGIKQPCN� DKQOCUU� EQPUWORVKQP� RCUUGF� HTQO� VJG� KPFWUVTKCN�

EQOOGTEKCN��CPF�GNGEVTKE�IGPGTCVKPI�OQFWNGU��6JG�DKQOCUU�RTKEG�KU�CFFGF�VQ�VJG�XCTKCDNG�QRGTCVKPI

EQUV�CPF�RCUUGF�VQ�VJG�'NGEVTKEKV[�2NCPPKPI�5WDOQFWNG�
'%2��CNQPI�YKVJ�VJG�JGCV�TCVG�

6JG�DKQOCUU�SWCPVKV[�RTKEG�TGNCVKQPU�CTG�KORNGOGPVGF�KP�C�OCVTKZ�TGRTGUGPVKPI�VJG�UWRRN[�EWTXG

CU�UVGR�HWPEVKQPU��#�NKPGCT�KPVGTRQNCVKQP�UEJGOG�KU�WUGF�VQ�FGVGTOKPG�VJG�DKQOCUU�RTKEG�IKXGP�C

DKQOCUU�SWCPVKV[�
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Figure 6. Biomass Submodule Flowchart

5KPEG�VJG�DKQOCUU�EQPUWORVKQP�FCVC�CTG�FGHKPGF�KP�0'/5�D[�%GPUWU�FKXKUKQPU��CPF�VJG�EQUV�CPF

RGTHQTOCPEG�EJCTCEVGTKUVKEU�QH�VJG�DKQOCUU�VGEJPQNQI[�CTG�FGHKPGF�HQT�'//�TGIKQPU��C�IGQITCRJKE

OCRRKPI�YCU�PGEGUUCT[�VQ�IGPGTCVG�DKQOCUU�RTKEGU�D[�'//�TGIKQPU�

+P�CFFKVKQP�VQ�VJG�CUUKIPOGPV�QH�EQUV�RGTHQTOCPEG�EJCTCEVGTKUVKEU��VJG�DKQOCUU�UWDOQFWNG�RCUUGU

VJG�OCZKOWO�CXCKNCDNG�GNGEVTKEKV[�IGPGTCVKPI�ECRCEKV[�WUKPI�DKQOCUU�VQ�VJG�'%2��6JKU�ECRCEKV[

NKOKV�KU�EQORWVGF�D[�FGETGOGPVKPI�VJG�KPKVKCN�VQVCN�RQVGPVKCN�D[�CNTGCF[�KPUVCNNGF�ECRCEKV[�CPF�HQT
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GCEJ�UWDUGSWGPV�[GCT��FGETGOGPVKPI�VJG�NCUV�[GCT	U�WPRNCPPGF�PGY�ECRCEKV[�HQTO�VJG�RTGXKQWU

NKOKV��6JG�KPKVKCN�VQVCN�IGPGTCVKPI�ECRCEKV[�HQT�GCEJ�TGIKQP�KU�FGVGTOKPGF�D[�FKXKFKPI�VJG�OCZKOCN

SWCPVKV[�QH�DKQOCUU�TGUGTXGU�KP�VJG�UWRRN[�EWTXG�D[�VJG�JGCV�TCVG��VJG�ECRCEKV[�HCEVQT��CPF�����

CU�VJG�PWODGT�QH�JQWTU�RGT�[GCT�

6JG�VGEJPQNQI[�TGRTGUGPVGF�D[�VJG�EQUV�CPF�RGTHQTOCPEG�XCNWGU�HQT�PGY�ECRCEKV[�KU�VJG�$KQOCUU

+PVGITCVGF�)CUKHKECVKQP�%QODKPGF�%[ENG�
$+)%%��U[UVGO�HQT�DKQOCUU��6JG�WPKV�EQUV�KU�OQFWNCT

CPF�ECRCDNG�QH�DGKPI�UJQR�HCDTKECVGF��6JG�EQUV�XCNWGU�KPENWFG�UVQTCIG�CPF�DKQOCUU�JCPFNKPI�

OCIPGVKE�UGRCTCVQTU��CPF�CUJ�JCPFNKPI�GSWKROGPV��6JG�ICUKHKGT�KU�GSWKRRGF�YKVJ�UQNKF�CPF�ICU

TGE[ENKPI�U[UVGOU��#�OQFWNCT�JQV�ICU�HKNVTCVKQP�WPKV�KU�KPENWFGF�KP�VJG�EQUV�CUUWORVKQPU�
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Appendix 5-A:  Inventory of Variables, Data, and
Parameters

#RRGPFKZ���#�RTQXKFGU�KPHQTOCVKQP�QP�XCTKCDNGU�WUGF�KP�VJG�$KQOCUU�5WDOQFWNG��6CDNG��#��

IKXGU� C� EQORNGVG� NKUVKPI� QH� CNN� XCTKCDNGU� KPENWFKPI� FGHKPKVKQPU� CPF� FKOGPUKQPU�� UQWTEGU�

OGCUWTGOGPV� WPKVU�� CPF� RCIG� TGHGTGPEGU��8CTKCDNGU� CTG� ENCUUKHKGF� CU� 5WDOQFWNG� FCVC� KPRWVU�

ECNEWNCVGF�XCTKCDNGU��CPF�5WDOQFWNG�QWVRWVU��(QNNQYKPI�6CDNG��#���CTG�FGVCKNGF�FGUETKRVKQPU�QH

GCEJ�KPRWV�FCVC�KVGO�

Table 5A-1.  NEMS Biomass Submodule Inputs and Variables

/QFGN�8CTKCDNG &GHKPKVKQP�CPF�&KOGPUKQPU 5QWTEG 7PKVU

+0276�&#6#

%&6104 %QPXGTUKQP�HCEVQTU�HQT�EQPXGTVKPI�%GPUWU�FKXKUKQP�T�VQ &#% 7PKVNGUU

'//�TGIKQP�P

9&5723 $KQOCUU�SWCPVKV[�UVGR�HWPEVKQP�KP�'//�TGIKQP�P��[GCT�[� &#% VTKNNKQP�$VW

UVGR�+

9&5724 $KQOCUU�RTKEG�UVGR�HWPEVKQP�KP�'//�TGIKQP�P��[GCT�[� &#% 5�//DVW

UVGR�+

72184� %CRKVCN�EQUV�HQT�DKQOCUU�VGEJPQNQI[ 04'. ��M9

72/%(� %CRCEKV[�HCEVQT�HQT�DKQOCUU�VGEJPQNQI[�GNGEVTKEKV[�UGEVQT 04'. 7PKVNGUU

98% %QPUVCPV�XCTKCDNG�1�/�EQUV�EQORQPGPV�HQT�DKQOCUU 04'. ��//DVW
P�[

VGEJPQNQI[�GNGEVTKEKV[�UGEVQT�KP�'//�TGIKQP�P�KP�[GCT�[

72(1/ � (KZGF�1�/�EQUVU�HQT�DKQOCUU�VGEJPQNQI[�GNGEVTKEKV[ 04'. ��M9
P�[

UGEVQT�KP�'//�TGIKQP�P�KP�[GCT�[

9*4$/'. *GCV�TCVG�HQT�DKQOCUU�VGEJPQNQI[�KP�'//�TGIKQP�P�KP '24+ $VW�M9J
P�[

[GCT�[

8#4+#$.'5

3$/%/ 3WCPVKV[�QH�DKQOCUU�EQPUWOGF�KP�VJG�EQOOGTEKCN�UGEVQT 0'/5 VTKNNKQP�$VW

KP�%GPUWU�FKXKUKQP�T�KP�[GCT�[

3$/'. 3WCPVKV[�QH�DKQOCUU�EQPUWOGF�D[�WVKNKVKGU�KP�%GPUWU 0'/5 VTKNNKQP�$VW

FKXKUKQP�T�KP�[GCT�[

3$/+0 3WCPVKV[�QH�DKQOCUU�EQPUWOGF�KP�VJG�KPFWUVTKCN�UGEVQT�KP 0'/5 VTKNNKQP�$VW

%GPUWU�FKXKUKQP�T�KP�[GCT�[

%749&%10 3WCPVKV[�QH�DKQOCUU�EQPUWOGF�KP�CNN�UGEVQTU�KP�'// 0'/5 VTKNNKQP�$VW

TGIKQP�P�CPF�[GCT�[

%749&24 2TKEG�QH�DKQOCUU�HTQO�VJG�CNN�UGEVQT�UWRRN[�EWTXG�KP 0'/5 ��//$VW

'//�TGIKQP�P�CPF�[GCT�[�
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/QFGN�8CTKCDNG &GHKPKVKQP�CPF�&KOGPUKQPU 5QWTEG 7PKVU

1762765

9%#$/'. %CRCEKV[�HQT�WVKNKVKGU�KP�'//�TGIKQP�P�KP�[GCT�[ '// /9
P�[

98%$/'. 8CTKCDNG�1�/�EQUVU�HQT�DKQOCUU�VGEJPQNQI[�GNGEVTKEKV[�UGEVQT 4(/ OKNNU�-9J
P�[

KP�'//�TGIKQP�P�KP�[GCT�[��+PEQTRQTCVGF�VJG�EQPXGTVGF�HWGN

EQUV�HQT�DKQOCUU�

�#UUKIPGF�KP�'//�KPRWV�HKNG�'%2&#6�

/1&'.�+0276� %&6104

&'(+0+6+10� %QPXGTUKQP�HCEVQTU�HQT�EQPXGTVKPI�%GPUWU�FKXKUKQP�T�VQ�'//�TGIKQP�P�

5174%'� 1CM� 4KFIG� 0CVKQPCN� .CDQTCVQT[�� �&CVC� CPF� 5QWTEGU� $KQOCUU� 5WRRN[��� &TCHV

RTGRCTGF�HQT�'+#�WPFGT�%QPVTCEV�0Q��&'�#%�����14�������1CM�4KFIG��60�

,WPG����������

/1&'.�+0276� 9&5723

&'(+0+6+10� 3WCPVKV[�QH�DKQOCUU�UWRRN[�KP�'//�TGIKQP�P��[GCT�[��CPF�UVGR�+�

9&5723�KU�RCTV�QH�VJG�DKQOCUU�UWRRN[�UEJGFWNG��6JG�XCTKCDNG�TGRTGUGPVU�SWCPVKV[�QH�C�DKQOCUU

EQORQUKVG�EQPUKUVKPI�QH�VJG�HQNNQYKPI�DKQOCUU�V[RGU��
���YJQNG�VTGG�EJKRU��
���NQIIKPI�TGUKFWGU�


���OKNN�TGUKFWGU��
���QVJGT�DKQOCUU��CPF�
���GPGTI[�ETQRU�

5174%'� &GEKUKQP�#PCN[UKU�%QTRQTCVKQP�QH�8KTIKPKC��K&CVC�&QEWOGPVCVKQP�HQT�VJG�$KQOCUU

%QUV�5WRRN[� 5EJGFWNG�� RTGRCTGF� HQT� VJG� 'PGTI[� +PHQTOCVKQP� #FOKPKUVTCVKQP�

9CUJKPIVQP��&%��,WN[����������

/1&'.�+0276� 9&5722

&'(+0+6+10� 2TKEG�QH�DKQOCUU�UWRRN[�KP�'//�TGIKQP�P��[GCT�[��CPF�UVGR�+�

9&5722�KU�RCTV�QH�VJG�DKQOCUU�UWRRN[�UEJGFWNG��6JG�XCTKCDNG�TGRTGUGPVU�VJG�RTKEG�QH�C�DKQOCUU

EQORQUKVG�EQPUKUVKPI�QH�VJG�HQNNQYKPI�DKQOCUU�V[RGU��
���YJQNG�VTGG�EJKRU��
���NQIIKPI�TGUKFWGU�


���OKNN�TGUKFWGU��
���QVJGT�DKQOCUU��CPF�
���GPGTI[�ETQRU�
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5174%'� &GEKUKQP�#PCN[UKU�%QTRQTCVKQP�QH�8KTIKPKC��K&CVC�&QEWOGPVCVKQP�HQT�VJG�$KQOCUU

%QUV�5WRRN[� 5EJGFWNG�L� RTGRCTGF� HQT� VJG� 'PGTI[� +PHQTOCVKQP� #FOKPKUVTCVKQP�

9CUJKPIVQP��&%��,WN[����������

/1&'.�+0276� 72184

&'(+0+6+10� %CRKVCN�EQUVU�HQT�GNGEVTKEKV[�UGEVQT�

72184�TGRTGUGPVU�VJG�P �QH�C�MKPF�ECRKVCN�EQUV�HQT�CP�CFXCPEGF�$KQOCUU�+PVGITCVGF�)CUKHKECVKQPVJ

%QODKPGF�%[ENG�
$+)%%��VGEJPQNQI[�YJKEJ�KU�GUVKOCVGF�VQ�DG�EQOOGTEKCNN[�CXCKNCDNG�KP�VJG�[GCT

������6JG�EQUV�GUVKOCVGU�KPEQTRQTCVG�VJG�TGOQXCN�QH�KPVGTGUV�FWTKPI�EQPUVTWEVKQP�CPF�EQPVKPIGPE[

EQUVU��YJKEJ�CTG�CFFGF�NCVGT�KP�'//�

5174%'� 'NGEVTKE� 2QYGT� 4GUGCTEJ� +PUVKVWVG�� $KQOCUU� CPF� 9CUVG�(KTGF� 2QYGT� 2NCPV

2GTHQTOCPEG�CPF�%QUV�/QFGN�
$+1219'4���8GTUKQP������8CNWGU�CTG�OQFKHKGF

WUKPI�CFFKVKQPCN�KPHQTOCVKQP�HTQO�'24+�CPF�GPIKPGGTKPI�GUVKOCVGU�D[�'+#�

/1&'.�+0276� 72(1/

&'(+0+6+10� (KZGF�1�/�EQUVU�HQT�DKQOCUU�VGEJPQNQI[�

6JG�HKZGF�1�/�EQUV�KU�CUUWOGF�VQ�DG�EQPUVCPV�CETQUU�CNN�TGIKQPU�CPF�HQT�CNN�[GCTU�

5174%'� 'NGEVTKE� 2QYGT� 4GUGCTEJ� +PUVKVWVG�� $KQOCUU� CPF� 9CUVG�(KTGF� 2QYGT� 2NCPV

2GTHQTOCPEG�CPF�%QUV�/QFGN�
$+1219'4���8GTUKQP������8CNWGU�CTG�OQFKHKGF

WUKPI�CFFKVKQPCN�KPHQTOCVKQP�HTQO�'24+�CPF�GPIKPGGTKPI�GUVKOCVGU�D[�'+#�

/1&'.�+0276� 72/%(

&'(+0+6+10� %CRCEKV[�HCEVQT�HQT�VJG�WVKNKV[�UGEVQT�

%CRCEKV[�HCEVQT�KU�CUUWOGF�VQ�DG�EQPUVCPV�HQT�CNN�[GCTU�CPF�CNN�TGIKQPU�

5174%'� %TCKI��-�4���/CPP��/�-���������%QUV�CPF�2GTHQTOCPEG�#PCN[UKU�QH�+PVGITCVGF

)CUKHKECVKQP�%QODKPGF�%[ENG�
+)%%��2QYGT�5[UVGOU�+PEQTRQTCVKPI�C�&KTGEVN[

*GCVGF�$KQOCUU�)CUKHKGT��/KNGUVQPG�%QORNGVKQP�4GRQTV��04'.��&GEGODGT������

/1&'.�+0276� 9*4$/'.

&'(+0+6+10� *GCV�TCVG�HQT�DKQOCUU�VGEJPQNQI[�KP�'//�TGIKQP�P�KP�[GCT�[
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6JG�JGCV�TCVG�TGRTGUGPVU�VJG�DKQOCUU�ICUKHKECVKQP�EQODKPGF�E[ENG�VGEJPQNQI[��+V�KU�CUUWOGF�VJCV

VJG�JGCV�TCVG�YKNN�FGETGCUG�NKPGCTN[�QXGT�VKOG�VQ�TGHNGEV�VJG�RTQDCDNG�GHHKEKGPE[�KORTQXGOGPVU�QH

VJKU� VGEJPQNQI[��6JG�FGETGCUG�YCU�DCUGF�QP� VJG�GHHKEKGPE[� KORTQXGOGPVU�QH� VJG� UKOKNCT� EQCN

VGEJPQNQI[�

5174%'5� )CU�6WTDKPG�*CPFDQQM�������*CPFDQQM��)CU�6WTDKPG�9QTNF�

'NGEVTKE� 2QYGT� 4GUGCTEJ� +PUVKVWVG�� �6GEJPKECN� #UUGUUOGPV� )WKFG��� 8QN�� ��

4GXKUKQP����'24+�64�������5��2CNQ�#NVQ��%#��,WPG�������

/1&'.�+0276� 3$/%/

&'(+0+6+10� $KQOCUU�YQQF�EQPUWORVKQP�KP�EQOOGTEKCN�UGEVQT�KP�%GPUWU�FKXKUKQP�T�CPF

[GCT�[�

0'/5�XCTKCDNG��ECNEWNCVGF�KP�VJG�EQOOGTEKCN�FGOCPF�OQFGN��

5174%'� 0'/5�

/1&'.�+0276� 3$/'.

&'(+0+6+10� $KQOCUU�YQQF�EQPUWORVKQP�KP�GNGEVTKE�RQYGT�UGEVQT�KP�%GPUWU�FKXKUKQP�T

CPF�[GCT�[�

0'/5�XCTKCDNG��ECNEWNCVGF�KP�VJG�'//�OQFGN��

5174%'� 0'/5�

MODEL INPUT : QBMIN

&'(+0+6+10� $KQOCUU�YQQF�EQPUWORVKQP�KP�KPFWUVTKCN�UGEVQT�KP�%GPUWU�FKXKUKQP�T�CPF

[GCT�[�

0'/5�XCTKCDNG��ECNEWNCVGF�KP�VJG�KPFWUVTKCN�FGOCPF�OQFGN��

5174%'� 0'/5�

/1&'.�176276� 98%
P�[

&'(+0+6+10� %QPUVCPV�XCTKCDNG�1�/�EQUV�EQORQPGPV�KP�'//�TGIKQP�P�CPF�[GCT�[�
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6JKU�EQPUVCPV�EQUV�EQORQPGPV��TGRTGUGPVKPI�QRGTCVKQP�EQUVU��KU�CFFGF�VQ�HWGN�EQUVU�VQ�RTQFWEG�C

VQVCN�XCTKCDNG�EQUV�

5174%'� 'NGEVTKE� 2QYGT� 4GUGCTEJ� +PUVKVWVG�� �6GEJPKECN� #UUGUUOGPV� )WKFG��� 8QN�� ��

4GXKUKQP����'24+�64�������5��2CNQ�#NVQ��%#��,WPG��������8CNWGU�CTG�OQFKHKGF

WUKPI�CFFKVKQPCN�KPHQTOCVKQP�HTQO�'24+�CPF�GPIKPGGTKPI�GUVKOCVGU�D[�'+#�

/1&'.�176276� %749&%10

&'(+0+6+10� 3WCPVKV[�QH�DKQOCUU�GPGTI[�EQPUWOGF�KP�CNN�UGEVQTU�

5WO�QH�DKQOCUU�GPGTI[�EQPUWOGF�KP�VJG�EQOOGTEKCN��KPFWUVTKCN��CPF�WVKNKV[�UGEVQTU�

5174%'� 0'/5

/1&'.�176276� %749&24

&'(+0+6+10� 2TKEG�QH�DKQOCUU�GPGTI[�HTQO�VJG�CNN�UGEVQT�UWRRN[�UEJGFWNG

�5174%'� 0'/5

/1&'.�176276� 9%#$/'.

&'(+0+6+10� #XCKNCDNG�IGPGTCVKPI�ECRCEKV[�=/9?�KP�'//�TGIKQP�P�CPF�[GCT�[�

6JG�OCZKOCN�IGPGTCVKPI�ECRCEKV[�KU�FGVGTOKPGF�D[�VJG�OCZKOCN�XCNWG�KP�GCEJ�TGIKQPCN�UWRRN[

EWTXG�CPF�EQPXGTVGF�KPVQ�/9�WUKPI�VJG�RGTHQTOCPEG�EJCTCEVGTKUVKEU�QH�VJG�DKQOCUU�VGEJPQNQI[�

TGRTGUGPVGF�KP�VJG�4(/�

5174%'� 0'/5�

/1&'.�176276� 98%$/'.

&'(+0+6+10� 8CTKCDNG�EQUVU�HQT�DKQOCUU�GNGEVTKEKV[�IGPGTCVKQP�HQT�VJG�WVKNKV[�UGEVQT�KP

'//�TGIKQP�P�KP�[GCT�[�

8CTKCDNG� EQUV� KU�OQFGN� FGVGTOKPGF�� +V� KU� C� EQORQUKVG� QH� VYQ� HCEVQTU�� � 
��� C� EQPUVCPV� HCEVQT

CEEQWPVKPI�HQT�QRGTCVKQPCN�OCKPVGPCPEG�GZRGPUGU��CPF�
���HWGN�EQUV��5KPEG�VJGTG�KU�PQ�XGJKENG�VQ

RCUU�HWGN�EQUV�VQ�VJG�'%2��VJG�EQUV�HQT�DKQOCUU�KU�EQPXGTVGF�KPVQ�OKNNU�RGT�M9J�CPF�CFFGF�CU�CP

CFFKVKQPCN�XCTKCDNG�1�/�EQUV�EQORQPGPV�
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Appendix 5-B:  Mathematical Description

5WDTQWVKPG�9&4'#.,1$

6JG�UWDTQWVKPG�GXCNWCVGU�VJG�EQPUWORVKQP�QH�DKQOCUU�KP�VJG�EQOOGTEKCN��KPFWUVTKCN��CPF�GNGEVTKE

RQYGT� UGEVQTU� D[� TGIKQPU� CPF� FGVGTOKPGU� VJG� TGIKQPCN� DKQOCUU� RTKEG�� 6JG� UGEVQTCN� DKQOCUU

EQPUWORVKQPU�CTG�RTQXKFGF�D[�%GPUWU�FKXKUKQPU��6JG[�CTG�OCRRGF�VQ�'//�TGIKQPU�WUKPI�VJG

HQNNQYKPI�OCRRKPI�

EQOOGTEKCN�UGEVQT�

KPFWUVTKCN�UGEVQT�

GNGEVTKE�RQYGT�UGEVQT�

YJGTG�

%&6104 � OCRRKPI�OCVTKZ�VQ�OCR�%GPUWU�FKXKUKQPU�KPVQ�'//�TGIKQPU�
P�T

3$/%/ � DKQOCUU�YQQF�EQPUWORVKQP�KP�EQOOGTEKCN�UGEVQT�KP�%GPUWU�FKXKUKQP�T
T�[

CPF�[GCT�[��VTKNNKQP�$VW�

3$/+0 � DKQOCUU�YQQF�EQPUWORVKQP�KP�KPFWUVTKCN�UGEVQT�KP�%GPUWU�FKXKUKQP�T
T�[

CPF�[GCT�[��VTKNNKQP�$VW�

3$/'. � DKQOCUU�YQQF� EQPUWORVKQP� KP� GNGEVTKE� RQYGT� UGEVQT� KP� %GPUWU
T�[

FKXKUKQP�T�CPF�[GCT�[��VTKNNKQP�$VW�

9&04%/ � DKQOCUU�YQQF�EQPUWORVKQP�KP�EQOOGTEKCN�UGEVQT�KP�'//�TGIKQP�P
T�[

CPF�[GCT�[��VTKNNKQP�$VW�

9&04+0 � DKQOCUU�YQQF�EQPUWORVKQP�KP�KPFWUVTKCN�UGEVQT�KP�'//�TGIKQP�P�CPF
T�[

[GCT�[��VTKNNKQP�$VW�
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(5B-1)

(5B-2)

(5B-3)

9&04'. � DKQOCUU�YQQF�EQPUWORVKQP�KP�GNGEVTKE�RQYGT�UGEVQT�KP�'//�TGIKQP�P
T�[

CPF�[GCT�[��VTKNNKQP�$VW�

+V�KU�CUUWOGF�VJCV���RGTEGPV�QH�VJG�KPFWUVTKCN�EQPUWORVKQP�KU�KP�VJG�PQPECRVKXG�OCTMGV��6JG�VQVCN

EQPUWORVKQP�QH�DKQOCUU�D[�'//�TGIKQP�KU�

YJGTG�

%749&%10 � SWCPVKV[�QH�DKQOCUU�GPGTI[�EQPUWOGF�KP�CNN�UGEVQTU�
VTKNNKQP�$VW��
P�[

6JG�UWDOQFWNG�WUGU�C�UEJGOG�VQ�FQ�C�NKPGCT�KPVGTRQNCVKQP�DGVYGGP�VYQ�UVGRU�+�CPF�+��QP�VJG

UWRRN[�EWTXG�VQ�FGVGTOKPG�VJG�RTKEG�QH�DKQOCUU�IKXGP�C�SWCPVKV[��6JG�KPVGTRQNCVKQP�KU�GZRTGUUGF

CU�

YJGTG�

%749&24 � RTKEG� QH� DKQOCUU� GPGTI[� HTQO� VJG� CNN�UGEVQT� UWRRN[� UEJGFWNG�� '//
P�[

TGIKQP�P��[GCT�[����//$VW�

9&5722 � RTKEG�QH�DKQOCUU�UWRRN[�KP�'//�TGIKQP�P��[GCT�[��CPF�UVGR�+�
P�[�K

9&5723 � SWCPVKV[�QH�DKQOCUU�UWRRN[�KP�'//�TGIKQP�P��[GCT�[��CPF�UVGR�+�
P�[�K

5KPEG�VJG�DKQOCUU�UWDOQFWNG�FQGU�PQV�JCXG�C�XGJKENG�VQ�RCUU�HWGN�EQUV�VQ�VJG�'%2�OQFWNG��VJG

RTKEG�%749&24�QH�DKQOCUU�KU�EQPXGTVGF�KPVQ�C�XCTKCDNG�1�/�EQUV�EQORQPGPV�CPF�CFFGF�VQ�VJG

EQPUVCPV�XCTKCDNG�EQUV�HCEVQT��6JG�EQPXGTUKQP�KU�GZRTGUUGF�CU�

YJGTG�

98% � EQPUVCPV�XCTKCDNG�1�/�EQUV�EQORQPGPV�KP�'//�TGIKQP�P�CPF�[GCT�[�
P�[

9*4$/'. � JGCV�TCVG�HQT�DKQOCUU�VGEJPQNQI[�KP�'//�TGIKQP�P�CPF�[GCT�[�
P�[

% � EQPXGTUKQP� HCEVQT� VQ� VTCPUHQTO� HTQO� ��//$67� �� $67�M9J� VQ
�

OKNNU�M9J��% ��� �
�

��



104 Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—Biomass

Appendix 5-C:  Bibliography

#FCOU��&���GV�CN��K(QTGUV�CPF�#ITKEWNVWTCN�5GEVQT�1RVKOK\CVKQP�/QFGN��/QFGN�&GUETKRVKQP���

(KPCN�4GRQTV��
2TGRCTGF�HQT�%NKOCVG�%JCPIG�&KXKUKQP��7�5��'PXKTQPOGPVCN�2TQVGEVKQP

#IGPE[���4%)�*CINGT�$CKNN[��/CTEJ����������

#UUQEKCVGU� KP�4WTCN�&GXGNQROGPV�� +ORCEV� QH� .CTIG�$KQOCUU�&GOCPF�%GPVGTU� QP� VJG�(QTGUV

4GUQWTEG� $CUG�� 4GRQTV� RTGRCTGF� HQT� VJG� 0QTVJGCUV� 4GIKQPCN� $KQOCUU� 2TQITCO� D[

#UUQEKCVGU� KP� 4WTCN� &GXGNQROGPV�� $WTNKPIVQP�� 86�� 0CVKQPCN� 6GEJPKECN� +PHQTOCVKQP

5GTXKEG��5RTKPIHKGNF��8#�������

%TCKI�� -�4���/CPP��/�-�� ������%QUV� CPF�2GTHQTOCPEG�#PCN[UKU� QH� +PVGITCVGF�)CUKHKECVKQP

%QODKPGF� %[ENG� 
+)%%�� 2QYGT� 5[UVGOU� +PEQTRQTCVKPI� C� &KTGEVN[� *GCVGF� $KQOCUU

)CUKHKGT��/KNGUVQPG�%QORNGVKQP�4GRQTV��04'.��&GEGODGT������

&TCRGT��*�/���4�6��$TQQMU��,T���,�&��6JQOCU��CPF�.�#��9GCXGT��6JG�$KQOCUU�'PGTI[�RQVGPVKCN

QH� /KUUKUUKRRK�� 6GPPGUUGG� 8CNNG[� #WVJQTKV[�� 0QTTKU�� 60� CPF� /KUUKUUKRRK� (QTGUVT[

#UUQEKCVKQP��,CEMUQP��/5�������

&GEKUKQP�#PCN[UKU�%QTRQTCVKQP�QH�8KTIKPKC��K&CVC�&QEWOGPVCVKQP�HQT�VJG�$KQOCUU�%QUV�5WRRN[

5EJGFWNG��RTGRCTGF�HQT�VJG�'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP��9CUJKPIVQP��&%��,WN[����

�����

'�%��,QTFCP�%Q��CPF�/CKPG�#WFWDQP�5QEKGV[��$KQOCUU�%JKRU��#P�'ZRNQTCVKQP�QH�2TQDNGOU�CPF

1RRQTVWPKVKGU��4GRQTV�RTGRCTGF�HQT�VJG�0QTVJGCUV�4GIKQPCN�$KQOCUU�2TQITCO�D[�'�

%�� ,QTFCP�%Q���2QTVNCPF��/'�CPF�/CKPG�#WFWDQP�5QEKGV[��(CNOQWVJ��/'��0CVKQPCN

6GEJPKECN�+PHQTOCVKQP�5GTXKEG��5RTKPIHKGNF��8#�������

'NGEVTKE�2QYGT�4GUGCTEJ�+PUVKVWVG���6GEJPKECN�#UUGUUOGPV�)WKFG���8QN�����4GXKUKQP����'24+�64�

������5��2CNQ�#NVQ��%#��,WPG�������

'NNKU��$�-��CPF�,�#��$TQYP��2TQFWEVKQP�CPF�7UG�QH�+PFWUVTKCN�$KQOCUU�CPF�$CTM�4GUKFWGU�KP�VJG

6GPPGUUGG�8CNNG[��68#�104'&�.'4��������6GPPGUUGG�8CNNG[�#WVJQTKV[��0QTTKU��60�

�����

'PINKUJ��$WTVQP�%��CPF�5GCP�%QCF[��6JG�EQUVU�QH�RTQFWEKPI�DKQOCUU�KP�VJG�7PKVGF�5VCVGU�HQT

UGNGEVGF�NCPF�TGUQWTEG�TGIKQPU��7PRWDNKUJGF�FQEWOGPV�������

)CU�6WTDKPG�*CPFDQQM�������*CPFDQQM��)CU�6WTDKPG�9QTNF�

-NCUU��&�.��6JG�7�5��$KQHWGNU�+PFWUVT[��2CRGT�RTGUGPVGF�CV�VJG�+PVGTPCVKQPCN�4GPGYCDNG�'PGTI[

%QPHGTGPEG��*QPQNWNW��*CYCKK��5GRVGODGT�������������



Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—Biomass 105

.CTUGP��'�&��CPF�4�*��9KNNKCOU��$KQOCUU�(KTGF�5VGCO�+PLGEVGF�)CU�6WTDKPG�%QIGPGTCVKQP�

$KQNQIWG��
��������������������

/E'NXGPP[��,COGU��K#FFKPI�8CNWG�VQ�4GE[ENGF�9QQF�L�%�&�&GDTKU�4GE[ENKPI��,WN[������

/E3WKNNCP��#���-��5MQI��6��0CING��CPF�4��.QXGNGUU��/CTIKPCN�%QUV�5WRRN[�%WTXGU�HQT�7VKNK\KPI

(QTGUV�9CUVG�$KQOCUU�KP�VJG�7PKVGF�5VCVGU��7PRWDNKUJGF�OCPWUETKRV�������

1UVNKG�� .�&�� 6JG� 9JQNG� 6TGG� $WTPGT�� #� 0GY� 6GEJPQNQI[� KP� 2QYGT� )GPGTCVKQP�� 'PGTI[

2GTHQTOCPEG�5[UVGOU��+PE���/KPPGCRQNKU��/0�������

4KEG��&��2TGUGPVCVKQP�CV�'24+�5RQPUQTGF�$KQOCUU�2TQFWEVKQP�'EQPQOKEU�9QTMUJQR��0CUJXKNNG�

60��1EVQDGT�������������

5MQI��-��2TGUGPVCVKQP�CV�'24+�5RQPUQTGF�$KQOCUU�2TQFWEVKQP�'EQPQOKEU�9QTMUJQR��0CUJXKNNG�

60��1EVQDGT�������������

6WTJQNNQY��#�(��GV�CN���&CVC�CPF�5QWTEGU��$KQOCUU�5WRRN[���&TCHV�TGRQTV�RTGRCTGF�HQT�VJG�'PGTI[

+PHQTOCVKQP� #FOKPKUVTCVKQP�� 7�5�� &GRCTVOGPV� QH� 'PGTI[�� D[� 1CM� 4KFIG� 0CVKQPCN

.CDQTCVQT[��1CM�4KFIG��60��,WN[������

6WTPDWNN�� ,�� 2TGUGPVCVKQP� CV� '24+�5RQPUQTGF� $KQOCUU� 2TQFWEVKQP� 'EQPQOKEU� 9QTMUJQR�

0CUJXKNNG��60��1EVQDGT�������������

6TWODNG��&�#��$KQOCUU�'PGTI[�++��(QTGECUVU�QH�4GIKQPCN�5GEVQTCN�$KQOCUU�'PGTI[�%QPUWORVKQP


������������ &TCHV� TGRQTV� UWDOKVVGF� VQ� 'PGTI[� +PHQTOCVKQP� #FOKPKUVTCVKQP�� 7�5�

&GRCTVOGPV�QH�'PGTI[��1EVQDGT��2TGRCTGF�D[�1CM�4KFIG�0CVKQPCN�.CDQTCVQT[��1CM�4KFIG�

60������

7�5��'PXKTQPOGPVCN�2TQVGEVKQP�#IGPE[��#+45�(CEKNKV[�5WDU[UVGO���5QWTEG�%NCUUKHKECVKQP�%QFGU

CPF� 'OKUUKQP�(CEVQT� .KUVKPI� HQT�%TKVGTKC�#KT�2QNNWVCPVU��6GEJPKECN� 5WRRQTV�&KXKUKQP�

1HHKEG�QH�#KT�3WCNKV[�2NCPPKPI���5VCPFCTFU��4GUGCTEJ�6TKCPING�2CTM��0QTVJ�%CTQNKPC�

/CTEJ������

75&#�'45��'EQPQOKE�KPFKECVQTU�QH�VJG�HCTO�UGEVQT���%QUVU�QH�RTQFWEVKQP��/CLQT�HKGNF�ETQRU�

������'%+(5������#ITKEWNVWTG�CPF�4WTCN�'EQPQO[�&KXKUKQP��'EQPQOKE�4GUGCTEJ�5GTXKEG�

7�5��&GRCTVOGPV�QH�#ITKEWNVWTG�������

U.S. Department of Agriculture, Forest Service, Forest Resources of the United States, 1992,
General Technical Report RM-234, September 1993 (Revised June 1994).

U.S. Department of Agriculture, Forest Service, RPA Assessment of the Forest and Rangeland
Situation in the United States—1993 Update, Forest Resource Report No. 27 (June 1994).



106 Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—Biomass

75&#�(5��#P�#PCN[UKU�QH�VJG�6KODGT�5KVWCVKQP�KP�VJG�7PKVGF�5VCVGU�������������#�6GEJPKECN

&QEWOGPV�5WRRQTVKPI�VJG������75&#�(QTGUV�5GTXKEG�42#�#UUGUUOGPV��)GPGTCN�6GEJPKECN

4GRQTV�4/������4QEM[�/QWPVCKP�(QTGUV�CPF�4CPIG�'ZRGTKOGPV�5VCVKQP��(QTGUV�5GTXKEG�

7�5��&GRCTVOGPV�QH�#ITKEWNVWTG��(QTV�%QNNKPU��%1��������

9CFFGNN��-�.���&�&��1UYCNF��CPF�&�5��2QYGNN��(QTGUV�5VCVKUVKEU�QH�VJG�7PKVGF�5VCVGU�������

4GUQWTEG�$WNNGVKP�209�4$������7PKVGF�5VCVGU�&GRCTVOGPV�QH�#ITKEWNVWTG�(QTGUV�5GTXKEG�

2CEKHKE�0QTVJYGUV�4GUGCTEJ�5VCVKQP��2QTVNCPF��14�������

;QWPI�� 6KOQVJ[� /��� GV� CN�� 'EQPQOKE� #XCKNCDKNKV[� QH� 9QQF[� $KQOCUU� (WGN� %JKRU� HQT� ��

5QWVJGCUVGTP�5VCVGU��RTGRCTGF�HQT�VJG�6GPPGUUGG�8CNNG[�#WVJQTKV[�CPF�VJG�5QWVJGCUVGTP

4GIKQPCN�$KQOCUU�'PGTI[�2TQITCO��7�5��&GRCTVOGPV�QH�'PGTI[��68#�.4�04/F����


,CPWCT[�������



Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—Biomass 107

Appendix 5-D:  Model Abstract

Model Name:
$KQOCUU�5WDOQFWNG�

Model Acronym:
0QPG�

Description:
6JG�UWDOQFWNG�RCUUGU�VQ�VJG�'//�EQUV�CPF�RGTHQTOCPEG�EJCTCEVGTKUVKEU�D[�'//�TGIKQPU�CPF

[GCTU��6JG�HWGN�EQORQPGPV�QH�VJG�EQUV�EJCTCEVGTKUVKE�KU�FGVGTOKPGF�HTQO�VJG�TGIKQPCN�DKQOCUU

UWRRN[�UEJGFWNGU�CPF�VJGP�EQPXGTVGF�VQ�C�XCTKCDNG�1�/�EQUV�

Most Recent Model Update:
1EVQDGT������

Part of Another Model?:
6JG�$KQOCUU�5WDOQFWNG�KU�C�EQORQPGPV�QH�VJG�4GPGYCDNG�(WGNU�/QFWNG�
4(/��QH�VJG�0CVKQPCN

'PGTI[�/QFGNKPI�5[UVGO�
0'/5��

Official Model Representative:
4QIGT�&KGFTKEJ

%QCN��7TCPKWO��CPF�4GPGYCDNG�(WGNU�#PCN[UKU�$TCPEJ

'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP

2JQPG���
�������������

Documentation:
0'/5�&QEWOGPVCVKQP�4GRQTV���4GPGYCDNG�(WGNU�/QFWNG�QH�VJG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO�

,CPWCT[������

&GEKUKQP�#PCN[UKU�%QTRQTCVKQP�QH�8KTIKPKC��K&CVC�&QEWOGPVCVKQP�HQT�VJG�$KQOCUU�%QUV�5WRRN[

5EJGFWNG��RTGRCTGF�HQT�VJG�'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP��9CUJKPIVQP��&%��,WN[����������

Archive Media and Installation Manual(s):

Energy System Described:
0QP�ECRVKXG�DKQOCUU�UWRRN[�CPF�CUUQEKCVGF�RTKEG�

Coverage:
75#�
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Modeling Features:
&CVC�HTQO�PKPG�%GPUWU�FKXKUKQPU�CTG�TGUVTWEVWTGF�KPVQ����'//�UWRRN[�TGIKQPU�

Non-DOE Input Sources:
0QPG�

Computing Environment:

� *CTFYCTG�7UGF���+$/�45�����

� 1RGTCVKPI�5[UVGO���7PKZ

� .CPIWCIG�5QHVYCTG�7UGF���85�(1464#0��8GT������

Independent Expert Reviews Conducted:
0QPG�

Status of Evaluation Efforts by Sponsor:
0QPG�



7�5��&GRCTVOGPV�QH�#ITKEWNVWTG��(QTGUV�5GTXKEG��K(QTGUV�5GTXKEGU�QH�VJG�7PKVGF�5VCVGU�������L�)GPGTCN�6GEJPKECN
��

4GRQTV�4/������5GRVGODGT������
TGXKUGF�,WPG�������

&GEKUKQP�#PCN[UKU�%QTRQTCVKQP�QH�8KTIKPKC��K&CVC�&QEWOGPVCVKQP�HQT�VJG�$KQOCUU�%QUV�5WRRN[�5EJGFWNG�L�RTGRCTGF
��

HQT�VJG�'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP��9CUJKPIVQP��&%��,WN[����������
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Appendix 5-E:  Data Quality and Estimation Processes

Derivation of the All-Sector Biomass Supply Curve

&CVC�HQT�VJG�DKQOCUU�UWRRN[�EWTXGU�YGTG�QH�VYQ�V[RGU��VJG�HQTGUV�RTQFWEVU�FCVC�FGXGNQRGF�HTQO

7�5��(QTGUV�5GTXKEG�FCVC��CPF�GPGTI[�ETQR�FCVC�FGXGNQRGF�HTQO�KPHQTOCVKQP�QDVCKPGF�HTQO�VJG�1CM

4KFIG�0CVKQPCN�.CDQTCVQT[��6JG� KPHQTOCVKQP�YCU�OGTIGF�CPF�HQTOCVVGF� KPVQ� VJG�UJGNN�QH� VJG

RTGXKQWUN[�CUUGODNGF�UWRRN[�EWTXGU��WUKPI�VJG�UCOG�RTKEG�UVGRU�

6JG�CUUWORVKQP�YCU�OCFG�VJCV�CXCKNCDKNKV[�QH�YQQF�TGUQWTEGU�EQWNF�DG�TGRTGUGPVGF�D[�XCNWGU�HQT

C�RQTVKQP�QH�7�5��CPPWCN�HQTGUVT[�RTQFWEVKQP��6JG�RTKOCT[�UQWTEG�QH�KPHQTOCVKQP�YCU�K(QTGUV

4GUQWTEGU�QH�VJG�7PKVGF�5VCVGU�������L �6JG�URGEKHKE�FCVC�YGTG�QH�TQWPFYQQF�RTQFWEVU��NQIIKPI��

TGUKFWGU�CPF�QVJGT�TGOQXCNU�HTQO�7��5��HQTGUVU��5GXGTCN�UVGRU�YGTG�VCMGP�VQ�RTQEGUU�VJGUG�FCVC�

+P�GCEJ�QH�GKIJV�(QTGUV�5GTXKEG�TGIKQPU��VJGTG�CTG�XCNWGU�HQT�TQWPFYQQF�RTQFWEVU��NQIIKPI�TGUKFWGU

CPF�QVJGT�TGOQXCNU�KP�6CDNG�����+V�YCU�PGEGUUCT[�VQ�TGOQXG�CP�COQWPV�HTQO�GCEJ�QH�VJGUG�XCNWGU

HQT�HWGNYQQF��UKPEG�VJCV�COQWPV�KU�RCTV�QH�VJG�ECRVKXG�OCTMGV�CFFTGUUGF�KP�VJG�+PFWUVTKCN�OQFGN�

#�HWGNYQQF�EQORQPGPV�QH�TQWPFYQQF�RTQFWEVU�KU�IKXGP�KP�6CDNG�����6JKU�COQWPV��CU�YGNN�CU���

RGTEGPV�QH�NQIIKPI�TGUKFWGU�CPF�QVJGT�TGOQXCNU��YCU�HKTUV�UWDVTCEVGF�HTQO�TQWPFYQQF��6JG�VQVCN

XQNWOG�HQT�GCEJ�TGIKQP�YCU�VJGP�FKUCIITGICVGF�KPVQ�UVCVG�NGXGN�XCNWGU�D[�VJG�UJCTGU�QH�VKODGT

XQNWOG�IKXGP�KP�6CDNG�����7UKPI�OCRRKPI�HCEVQTU�KP�VJG�&#%�FQEWOGPVCVKQP�QH�VJG�RTGXKQWU

UWRRN[�EWTXGU��VJG�XCNWGU�YGTG�TGCIITGICVGF�VQ�'//�TGIKQPU�CPF�VJGP�EQPXGTVGF�VQ�$67�XCNWGU���

6JG�CUUWORVKQP�YCU�OCFG�VJCV����RGTEGPV�QH�CPPWCN�RTQFWEVKQP�YQWNF�DG�CXCKNCDNG�HQT�GNGEVTKEKV[

RTQFWEVKQP��9JKNG�VJKU�KU�C�UKIPKHKECPV�UJCTG��KV�KU�CP�WRRGT�NKOKV�VJCV�YQWNF�QPN[�DG�CXCKNCDNG�CV

JKIJ�EQUV��6JG� TCPIG�QH�RTKEGU�WUGF�YGTG� TGVCKPGF� HTQO�GCTNKGT�YQTM�D[�&#%��YJKEJ� TGNKGF

RTKOCTKN[� QP� GCTNKGT� (QTGUV� 5GTXKEG� CPCN[UKU� UWEJ� CU� D[�/E3WKNNCP�� GV� CN� CPF� QVJGT� KPFWUVT[

EQPVCEVU��6JG�HKPCN�UVGR�KP�IGPGTCVKPI�UWRRN[�HWPEVKQPU�YCU�VQ�PQTOCNK\G�VJG�SWCPVKVKGU�KPVQ�C�UGV

QH�RTKEG�UVGRU�HQT�GCEJ�TGIKQP��

#� TGRTGUGPVCVKQP�QH� GPGTI[�ETQR�EQUVU�YCU�CNUQ�FGXGNQRGF�CPF� UWRGTKORQUGF�QPVQ� VJG� HQTGUV

RTQFWEV�UWRRN[�EWTXGU��6JG�QTKIKPCN�UGV�QH�UWRRN[�EWTXGU�YGTG�FGXGNQRGF�HTQO�C�TWP�QH�'2#IU

(QTGUV� CPF�#ITKEWNVWTCN� 5GEVQT�1RVKOK\CVKQP�/QFGN� 
(#51/��� 6JG� (#51/� KU� C� F[PCOKE�

PQPNKPGCT�RTQITCOOKPI�OQFGN�HQT�VJG�FQOGUVKE�HQTGUV�CPF�CITKEWNVWTCN�UGEVQTU��+V�YCU�FGXGNQRGF

CU�CP�CKF� KP�UVWF[KPI�ECTDQP�UGSWGUVTCVKQP�RQNKEKGU�CPF�QVJGT�NCPF�WUGU��6JG�OQFGN�EQPUKFGTU

TGRTGUGPVCVKXG� GPGTI[� ETQRU� QH�YKNNQY�� UYKVEJITCUU� CPF� RQRNCT� KP� GNGXGP� TGIKQPU� GCUV� QH� VJG

/KUUKUUKRRK�4KXGT��5WRRN[�UEJGFWNGU�HQT�GCEJ�[GCT�HTQO�������������YGTG�RTQFWEGF��UJQYKPI

KPETGCUKPI�CXCKNCDKNKV[�QH�GPGTI[�ETQRU�QXGT�VKOG�



)TCJCO��4�.���GV�CN��1CM�4KFIG�0CVKQPCN�.CDQTCVQT[��K6JG�1CM�4KFIG�'PGTI[�%TQR�%QWPV[�.GXGN�&CVCDCUG�L
��

5GRVGODGT����������XGTUKQP��1CM�4KFIG��60�

$TQYGT��GV�CN��7PKQP�QH�%QPEGTPGF�5EKGPVKUVU�L�2QYGTKPI�VJG�/KFYGUV�L������
��

110 Energy Information Administration/NEMS Renewable Fuels Module Documentation Report—Biomass

+P�QTFGT�VQ�GZVGPF�DG[QPF�VJG�GCUVGTP�7�5���VJGUG�FCVC�CTG�UWRRNGOGPVGF�D[�KPHQTOCVKQP�HTQO�VJG

1CM�4KFIG�0CVKQPCN�.CDQTCVQT[�FCVCDCUG� �6JKU�FCVCDCUG�EQPVCKPGF�KPHQTOCVKQP�QP�[KGNFU�CPF��

RTQFWEVKQP�EQUVU�HQT�VJTGG�NCPF�V[RGU�CPF�VYQ�ETQR�V[RGU��%TQR�[KGNFU��YJKEJ�YGTG�KP�VJG�TCPIG

QH�����VQPU�CETG�YGTG�EQPXGTVGF�VQ�GPGTI[�RQVGPVKCN�HQT�GCEJ�EQWPV[�CPF�CIITGICVGF�WR�VQ�'//

TGIKQPU��#P�CUUWORVKQP�YCU�OCFG�VJCV�VJG�CXCKNCDKNKV[�QH�VJG�TGUQWTEG�YQWNF�DG����RGTEGPV�QH

ETQRNCPF�CPF�RCUVWTG�CPF�����RGTEGPV�QH� VJG�%QPUGTXCVKQP�4GUGTXG�2TQITCO�NCPFU��9JKNG���

RGTEGPV�KU�C�UKIPKHKECPV�UJCTG��NKMG�VJG�XCNWG�HQT�HQTGUVU��KV�KU�CP�WRRGT�DQWPF�CPF�EQUVN[��6JG�7PKQP

QH�%QPEGTPGF�5EKGPVKUVU�KP�VJGKT�UVWF[�QH�/KFYGUVGTP�DKQOCUU�TGUQWTEGU��WUGF�C�UNKIJVN[�JKIJGT

XCNWG�
���RGTEGPV��HQT�VJGKT�NCPF�WUG�CUUWORVKQPU� �7UKPI�VJGUG�FCVC��SWCPVKVKGU�QH�GPGTI[�ETQRU��

YGTG�GZRCPFGF�KP�HQWT�TGIKQPU���6GZCU�
����/KF�EQPVKPGPV�
����5QWVJYGUV�
����CPF�9GUVGTP�
����
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6.  Geothermal Electricity Submodule

Model Purpose

6JG�RWTRQUG�QH�VJG�)GQVJGTOCN�'NGEVTKEKV[�5WDOQFWNG�KU�VQ�OQFGN�VJG�EWTTGPV�CPF�HWVWTG�TGIKQPCN

UWRRN[��ECRKVCN�EQUV��CPF�QRGTCVKQP�CPF�OCKPVGPCPEG�EQUVU�QH�GNGEVTKE�IGPGTCVKPI�HCEKNKVKGU�GZRNQKVKPI

7�5��J[FTQVJGTOCN�TGUQWTEGU��DCUGF�QP�CXCKNCDNG�TGUQWTEG�FCVC�CPF�QP�EWTTGPV�VGEJPQNQI[�YKVJ

TGCUQPCDNG�CUUWORVKQPU�CU�VQ�NGCTPKPI�EWTXG�CPF�VGEJPQNQIKECN�KORTQXGOGPVU�

/QTG�URGEKHKECNN[��KP�VJG�EQPVGZV�QH�0'/5��VJG�RWTRQUG�QH�)'5�KU�

� VQ�RTQXKFG�VJG�'NGEVTKEKV[�/CTMGV�/QFWNG	U�
'//	U��ECRCEKV[�RNCPPKPI�UWDOQFWNG�YKVJ

VJG�COQWPV�QH�PGY�ECRCEKV[�VJCV�ECP�DG�DWKNV��YKVJ�TGNCVGF�EQUV�CPF�RGTHQTOCPEG�FCVC�

� VQ�RTQXKFG�'//	U�GNGEVTKEKV[�FKURCVEJ�UWDOQFWNG�YKVJ�EQUV�CPF�RGTHQTOCPEG�FCVC�HQT�CNN

KPUVCNNGF�ECRCEKV[��KPENWFKPI�ECRCEKV[�TGRQTVGF�QP�'+#�UWTXG[U�CU�GZKUVKPI�QT�RNCPPGF�CPF

ECRCEKV[�CFFGF�CU�C�TGUWNV�QH�C�OQFGN�ECNEWNCVKQP�G�MPQYP�CU��WPRNCPPGF��ECRCEKV[��QT

OQTG�CEEWTCVGN[��OQFGNGF��ECRCEKV[�

Relationship of the Geothermal Electricity Submodule to
Other Models

6JG�OCLQT�TGNCVKQPUJKRU�DGVYGGP�)'5�CPF�QVJGT�0'/5�EQORQPGPVU�CTG�

� )'5� RTQXKFGU� PGY� ECRCEKV[� CXCKNCDKNKV[�� RGTHQTOCPEG� CPF� EQUV� KPHQTOCVKQP� HQT� VJG

'NGEVTKEKV[�%CRCEKV[�2NCPPKPI�
'%2��UWDOQFWNG	U�WUG�KP�OCMKPI�KVU�RNCPPKPI�FGEKUKQPU�

� )'5�RTQXKFGU�EQUV�CPF�RGTHQTOCPEG�FCVC�QP�KPUVCNNGF�ECRCEKV[�HQT�WUG�D[�VJG�'NGEVTKE�(WGN

&KURCVEJ�
'(&��UWDOQFWNG�

� )'5�WUGU�'%2�PGY�ECRCEKV[�DWKNF�FGEKUKQPU�QDVCKPGF�HTQO�VJG�'//�QWVRWV�EQOOQP

DNQEM��'//176�

� #U�CP�QRVKQP��)'5�WUGU�FTKNNKPI�CPF�QVJGT�HKGNF�EQUV�KORTQXGOGPV�RCTCOGVGTU�WUGF�KP�VJG

1KN�CPF�)CU�5WRRN[�OQFWNG�
1)5/��

� )'5�WUGU�VJG�HQNNQYKPI�'//�FCVC�

G HKPCPEKCN� RCTCOGVGTU� CPF� VCZ� FCVC� HQT� ECNEWNCVKQPU� TGNCVGF� VQ� VJG� EQORGVKPI

IGQVJGTOCN�TGUQWTEG�UKVGU



'PVKIJ��&���.KXGUC[��$��CPF�2GVV[��5���)GQVJGTOCN�%QUV�QH�2QYGT�/QFGN�+/�)'1�8GTUKQP�������7UGT	U�/CPWCN��

(GDTWCT[������

2GVV[��5WUCP��GV�CN��5WRRN[�QH�)GQVJGTOCN�2QYGT�HTQO�*[FTQVJGTOCN�5QWTEGU��#�5VWF[�QH�VJG�%QUV�QH�2QYGT�KP�����

CPF����[GCTU��5WUCP�2GVV[�%QPUWNVKPI��5QNCPC�$GCEJ��%#��,WPG������
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G '%2	U��EWV�QHH��QT��UJCFQY��RTKEG�VQ�VTWPECVG�VJG�IGQVJGTOCN�UWRRN[�EWTXGU�

Modeling Rationale

6JG�)'5�RTQLGEVU�TGIKQPCN�UWRRN[�EWTXGU�TGNCVKPI�PGY�IGQVJGTOCN�GNGEVTKE�ECRCEKV[�CPF�VJG�ECRKVCN

EQUV� VQ�RTQXKFG� VJG�PGY�ECRCEKV[��#PPWCN�QRGTCVKQPU� CPF�OCKPVGPCPEG� 
1�/��EQUVU� CTG� CNUQ

RTQLGEVGF�HQT�VJG�PGY�ECRCEKV[��6JGUG�CTG�WUGF�VQ�FGVGTOKPG�VJG�EQUVU�HQT�VJG�COQWPV�QH�PGY

IGQVJGTOCN�ECRCEKV[�TGSWGUVGF�D[�VJG�OCTMGV��TGRTGUGPVGF�KP�0'/5�D[�VJG�'NGEVTKEKV[�/CTMGV

/QFWNG� 
'//��� %QUVU� HQT� RTGXKQWUN[� KPUVCNNGF� ECRCEKV[� CPF� VJQUG� HQT� PGY� ECRCEKV[� CTG

EQPUQNKFCVGF�VQ�RTQLGEV�VJG�EQUVU�HQT�CNN�IGQVJGTOCN�GNGEVTKEKV[�FKURCVEJGF�D[�VJG�OCTMGV�

6JG�UWRRN[�EWTXGU�CTG�CIITGICVGF�DCUGF�QP�'//�TGIKQPU�FGHKPGF�D[�VJG�0QTVJ�#OGTKECP�'NGEVTKE

4GNKCDKNKV[�%QWPEKN�
0'4%���5WRRN[�EWTXGU�CTG�OQFGNGF�HQT�'//�TGIKQPU�������������CPF����

VJG�QPN[�TGIKQPU�QH�VJG�7�5��YKVJ�GEQPQOKE�IGQVJGTOCN�TGUQWTEGU�

6JG�EQUV�QH�IGPGTCVKPI�GNGEVTKEKV[�HTQO�IGQVJGTOCN�TGUQWTEGU�KU�NCTIGN[�C�HWPEVKQP�QH�VJG�TGUQWTEG

VGORGTCVWTG�� FGRVJ�� CPF� EJGOKUVT[�� $GECWUG� VJGUG� RCTCOGVGTU�� CPF� EQPUGSWGPVN[� VJG� EQUV� QH

GNGEVTKEKV[��XCT[�EQPUKFGTCDN[�CV�FKHHGTGPV�TGUQWTEG�UKVGU��VJG�OGVJQFQNQI[�GORNQ[U�RTG�RTQEGUUKPI

UKVG�URGEKHKE�IGQVJGTOCN�TGUQWTEG�FCVC�VQ�OQFGN�UKVG�URGEKHKE�EQUVU�CPF�QRGTCVKQPCN�EJCTCEVGTKUVKEU�

6JG�FCVC�RTG�RTQEGUUKPI�KU�RGTHQTOGF�D[�VJG�2%�DCUGF�)'5�&CVC�2TGRTQEGUUQT�
)'5&22���YJKEJ

YCU� CFCRVGF� HTQO� CP� GZKUVKPI� 2%�DCUGF� OQFGN�� +/�)'1� � &GXGNQRGF� D[� 5CPFKC� 0CVKQPCN�

.CDQTCVQT[�KP�VJG�OKF�����U���+/�)'1��UVCPFU�HQT�+ORCEVU�QH�4GUGCTEJ�CPF�&GXGNQROGPV�QP�VJG

%QUV�CPF�2GTHQTOCPEG�QH�)GQVJGTOCN�'NGEVTKE�5[UVGOU��

6JG�TGUQWTEG�FCVC�UGV�KPENWFGU�FCVC�QP����MPQYP�IGQVJGTOCN�TGUQWTEG�UKVGU�KP�VJG�7�5��6JG�UKVG

FCVC�KPENWFG�OGCUWTGF�RCTCOGVGTU�CU�YGNN�CU�RCTCOGVGTU�YJKEJ�YGTG�GUVKOCVGF�DCUGF�QP�QVJGT

OGCUWTGF�FCVC�HQT�VJG�UKVG�KP�SWGUVKQP�QT�QP�OQTG�EQORNGVG�MPQYNGFIG�QH�C�IGQNQIKECNN[�CPF

J[FTQNQIKECNN[�UKOKNCT�UKVG��6JGUG�FCVC�YGTG�EQORKNGF�FWTKPI�C�UVWF[�EQORNGVGF�KP������HQT�'+#

CPF�VJG�)GQVJGTOCN�&KXKUKQP�QH�&1' ��WUKPI�7�5��)GQNQIKECN�5WTXG[�FCVC�CPF�QVJGT�UQWTEGU��6JG��

FCVC�KPENWFG�RQVGPVKCN�UKVG�ECRCEKV[��TGUGTXQKT�RCTCOGVGTU�UWEJ�CU�VGORGTCVWTG��FGRVJ��UCNKPKV[�

PQPEQPFGPUKDNG�ICU�EQPVGPV��YGNN�EQUVU��YGNN�OGEJCPKECN�NKHG��VKOG�DGVYGGP�YGNN�YQTMQXGTU��HNQY

TCVG�RGT�YGNN��GVE��

6JG�)'5&22��HQT�GCEJ�UKVG��ECNEWNCVGU�VJG�EQUVU�CPF�RGTHQTOCPEG�QH�C�UKPING����/9�
PGV��RNCPV

DCUGF�QP�VJG�UKVG�FCVC�CPF�YTKVGU�VJG�QWVRWV�VQ�C�HKNG�YJKEJ�UGTXGU�CU�KPRWV�HQT�)'5��6JG�EQUVU�CTG

OQFGNGF�QP�JKUVQTKECN�EQUV�FCVC�HQT�KPFGRGPFGPV�IGQVJGTOCN�RQYGT�RTQLGEVU�FGXGNQRGF�FWTKPI�VJG

OKF�VQ�NCVG�����U�

7UKPI� VJG� QWVRWV� HTQO� VJG�)'5&22�� VJG�)'5�OQFGNU� VJG� KPETGOGPVCN� FGXGNQROGPV� QH� GCEJ

TGUQWTEG�UKVG�YKVJKP�VJG�HTCOGYQTM�QH�C�DGJCXKQTCN�OQFGN�DCUGF�WRQP�QDUGTXGF�RCUV�GZRGTKGPEG
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YKVJ�IGQVJGTOCN�FGXGNQROGPV��6JG�MG[�FGEKUKQP�XCTKCDNG�KU�VJG�RGTEGPVCIG�QH�VQVCN�UKVG�ECRCEKV[

RTGXKQWUN[�KPUVCNNGF�

#V�RTGXKQWUN[�WPFGXGNQRGF�UKVGU�GZVTGOG�EQPUGTXCVKUO�FKEVCVGU�NKOKVKPI�KPKVKCN�FGXGNQROGPV�VQ�C

UKPING�RNCPV�QH�PQ�OQTG�VJCP����/9��#HVGT�VJG�KPKVKCN�RNCPV�JCU�DGGP�KPUVCNNGF��C�NCTIGT�RNCPV�OC[

DG�KPUVCNNGF��DWV�UVKNN�PQ�OQTG�VJCP�QPG����/9�RNCPV�CV�C�VKOG��WPVKN�CV�NGCUV����RGTEGPV�QH�VJG

GUVKOCVGF�RQVGPVKCN�ECRCEKV[�JCU�DGGP�UWEEGUUHWNN[�KPUVCNNGF��#FFKVKQPCN�PGY�ECRCEKV[�YKNN�PQV�DG

EQPUKFGTGF�FWTKPI�VJG�NGCF�VKOG��4GHNGEVKPI�VJG�ITGCVGT�EQPHKFGPEG�KP�VJG�XKCDKNKV[�HQT�HWTVJGT

FGXGNQROGPV�CHVGT�VJG�HKTUV����RGTEGPV�QH�RQVGPVKCN�ECRCEKV[�JCU�DGGP�KPUVCNNGF��WR�VQ�HQWT����/9

RNCPVU�OC[�DG�DWKNV�CV�VJG�UCOG�VKOG��#NUQ��HWTVJGT�ECRCEKV[�CFFKVKQPU�YKNN�DG�EQPUKFGTGF�CHVGT�VJG

NGCF�VKOG�QH�VJTGG�[GCTU��#U�UWEEGUUKXG�KPUVCNNCVKQPU�CEEQWPV�HQT�OQTG�CPF�OQTG�QH�VJG�GUVKOCVGF

VQVCN�RQVGPVKCN�ECRCEKV[��EQPUGTXCVKUO�TGVWTPU�KP�QTFGT�VQ�CXQKF�QXGTFGXGNQROGPV�QH�VJG�UKVG��6JG

FGXGNQRGT�YKNN�PQV�TKUM�DWKNFKPI�OQTG�VJCP����RGTEGPV�QH�VJG�TGOCKPKPI�WPFGXGNQRGF�GUVKOCVGF�UKVG

ECRCEKV[�

Fundamental Assumptions

Type of Resource

&GXGNQROGPV� QH� J[FTQVJGTOCN� TGUQWTEGU� KU� VJG� QPN[� EQOOGTEKCNN[� XKCDNG� IGQVJGTOCN� GNGEVTKE

IGPGTCVKQP�QRVKQP�YKVJ�EWTTGPV�VGEJPQNQI[��CPF�VJGTGHQTG�J[FTQVJGTOCN�TGUQWTEGU�CTG�VJG�QPN[

IGQVJGTOCN� TGUQWTEG� EQPUKFGTGF� KP� VJG�)'5�� (QT� VJG� RWTRQUG� QH� VJKU� UVWF[�� C� J[FTQVJGTOCN

TGUQWTEG�KU�FGHKPGF�CU�C�NCTIG�XQNWOG�QH�JQV�YCVGT�VTCRRGF�KP�JQV��RGTOGCDNG�TQEM�CV�FGRVJU�WR�VQ

�������HGGV�CPF�YKVJ�VGORGTCVWTGU�TCPIKPI�HTQO���� %�VQ���� %��6JG�OQFGN�KU�DCUGF�WRQP�VJGQ Q

JKUVQTKECN�EQUVU�QH�GZRNQTKPI��EQPHKTOKPI�CPF�FGXGNQRKPI�J[FTQVJGTOCN�TGUQWTEGU�CPF�KPUVCNNKPI

RQYGT�RNCPVU�VQ�DTKPI�KPETGOGPVCN�ECRCEKVKGU�QP�NKPG�CV�MPQYP�IGQVJGTOCN�UKVGU��

Conversion Technologies

6YQ�V[RGU�QH�IGQVJGTOCN�VGEJPQNQIKGU�CTG�OQFGNGF�KP�VJG�)'5��FWCN�HNCUJ�CPF�DKPCT[�E[ENG��6JGUG

U[UVGOU�TGRTGUGPV�VJG�EQORNGVG�E[ENG��HTQO�GZVTCEVKQP�QH�VJG�J[FTQVJGTOCN�HNWKFU�
GSWKXCNGPV�VQ

VJG�HWGN�KP�EQPXGPVKQPCN�HQUUKN�HWGNGF�U[UVGOU��VQ�GNGEVTKEKV[�IGPGTCVKQP�VQ�TGKPLGEVKQP�QH�VJG�URGPV

IGQVJGTOCN�HNWKF�
QHVGP�TGHGTTGF�VQ�CU�DTKPG���$QVJ�VGEJPQNQI[�V[RGU�CTG�WUGF�VQ�EQPXGTV�NKSWKF�

FQOKPCVGF�J[FTQVJGTOCN�HNWKFU�KPVQ�GNGEVTKEKV[��6GEJPQNQIKGU�HQT�FT[�UVGCO�TGUGTXQKTU��UWEJ�CU�VJG

)G[UGTU�IGQVJGTOCN�HKGNF�KP�PQTVJGTP�%CNKHQTPKC��CTG�PQV�OQFGNGF�UKPEG�VJKU�V[RG�QH�TGUQWTEG�KU

GZVTGOGN[�TCTG�CPF�WPTGRTGUGPVCVKXG�QH�VJG�DWNM�QH�J[FTQVJGTOCN�TGUQWTEGU�KP�VJG�7�5��*QYGXGT�

VJG�GZKUVKPI�ECRCEKV[�CV�VJG�)G[UGTU�KU�KPENWFGF�KP�VQVCN�KPUVCNNGF�J[FTQVJGTOCN�ECRCEKV[�KP�VJG�)'5

HQT�ECRCEKV[�FKURCVEJ�

&WCN�HNCUJ�RNCPV�VGEJPQNQI[�KU�GORNQ[GF�VQ�EQPXGTV�VJG�JGCV�HTQO�JKIJ�VGORGTCVWTG�
ITGCVGT�VJCP

��� � %�� NKSWKF�FQOKPCVGF� TGUQWTEGU� VQ� GNGEVTKEKV[�� 9KVJ� VJKU� VGEJPQNQI[�� C� RQTVKQP� QH� VJGQ

IGQVJGTOCN�NKSWKF�GZVTCEVGF�HTQO�VJG�TGUGTXQKT�KU��HNCUJGF��VQ�UVGCO�CV�VYQ�FKHHGTGPV�RTGUUWTGU��6JG



     Petty, et al, (Ibid.) established 110  C as the minimum temperature for resource consideration (P.16 o

6) and 200  C as the maximum temperature for the binary cycle technology (P. 11).o

'+#��#PPWCN�'PGTI[�4GXKGY��&1'�'+#�����
�����9CUJKPIVQP��&%��,WN[��������

     Muffler, L.P.J., editor, Assessment of Geothermal Resources of the United States - 1978. United18

States Geological Survey Circular 790, 1978.
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UVGCO� KU� UGRCTCVGF�CPF�WUGF� VQ�FTKXG�C� EQPXGPVKQPCN� VWTDKPG�IGPGTCVQT��6JG� TGOCKPKPI� NKSWKF

RQTVKQP�QH�VJG�IGQVJGTOCN�HNWKF�KU�KPLGEVGF�DCEM�KPVQ�VJG�ITQWPF�

'NGEVTKEKV[�KU�IGPGTCVGF�HTQO�NQYGT�VGORGTCVWTG�
NGUU�VJCP���� �%� �NKSWKF�FQOKPCVGF�TGUQWTEGUQ ��

WUKPI�DKPCT[�E[ENG�VGEJPQNQIKGU��6JG�IGQVJGTOCN�NKSWKF�KU�EKTEWNCVGF�VJTQWIJ�C�ENQUGF�NQQR�U[UVGO

YJGTG�KVU�JGCV�KU�WUGF�VQ�XCRQTK\G�C�UGEQPFCT[�YQTMKPI�HNWKF�
JGPEG�VJG�PCOG�DKPCT[��YKVJ�C�NQY

DQKNKPI�RQKPV��UWEJ�CU�KUQRGPVCPG��6JG�XCRQT�QH�VJG�UGEQPFCT[�HNWKF�KU�WUGF�VQ�FTKXG�C�VWTDKPG�

IGPGTCVQT��CPF�VJG�EQQNGF�IGQVJGTOCN�NKSWKF�KU�KPLGEVGF�DCEM�KPVQ�VJG�ITQWPF�

$CUGF�QP� VJG�RGTHQTOCPEG�QH�GZKUVKPI�IGQVJGTOCN�RQYGT�RNCPVU��C�RNCPV�ECRCEKV[�HCEVQT�QH���

RGTEGPV�KU�WUGF���

Drilling and Extraction Technologies

#NN�IGQVJGTOCN�GNGEVTKEKV[�U[UVGOU�TGSWKTG�FTKNNKPI�CPF�GZVTCEVKQP�VGEJPQNQIKGU�FGTKXGF�HTQO�VJG

RGVTQNGWO� KPFWUVT[�� 6JGUG� �DQTTQYGF�� VGEJPQNQIKGU� CTG� OQFKHKGF� VQ� CEEQOOQFCVG� VJG� JKIJ

VGORGTCVWTG�CPF�UQOGVKOGU�JCTUJ�EJGOKECN�GPXKTQPOGPVU�TGNCVGF� VQ�YQTMKPI�YKVJ�IGQVJGTOCN

HNWKFU��6JG�)'5�OQFGNU�IGQVJGTOCN�HKGNF�FGXGNQROGPV�EQUVU�DCUGF�QP�EWTTGPV�IGQVJGTOCN�FTKNNKPI

VGEJPQNQI[�

Alternative Approaches

7�5��IGQVJGTOCN�TGUQWTEGU�YGTG�GXCNWCVGF�KP�VJG�OKF�����U�D[�VJG�7�5��)GQNQIKECN�5WTXG[��


75)5��CPF�KP������D[�2GVV[�GV��CN��
UGG�HQQVPQVG�����6JGUG�CUUGUUOGPVU�KPENWFGF�GUVKOCVGU�QH

RQVGPVKCN�GNGEVTKE�IGPGTCVKQP�ECRCEKVKGU�KP�VGTOU�QH�PWODGT�QH�OGICYCVVU�HQT����[GCTU�CV�MPQYP

IGQVJGTOCN�J[FTQVJGTOCN�TGUQWTEG�UKVGU�KP�VJG�7�5��#V�VJG�VKOG�QH�VJG�75)5�UVWF[��IGQVJGTOCN

FGXGNQROGPV� KP� VJG�7�5��YCU� NKOKVGF� VQ�6JG�)G[UGTU�UVGCO�HKGNF� KP�PQTVJGTP�%CNKHQTPKC��CPF

GZRNQTCVKQP�CPF�FGNKPGCVKQP�QH�VJG�PCVKQP	U�NKSWKF�FQOKPCVGF�J[FTQVJGTOCN�TGUQWTEGU�YCU�QPN[

DGIKPPKPI��6JG������UVWF[�WUGF�VJG�75)5�UVWF[�CU�C�DCUKU��DWV�VQQM�CFXCPVCIG�QH�EQPUKFGTCDNG

J[FTQVJGTOCN�TGUQWTEG�FCVC�CPF�FGXGNQROGPVCN�GZRGTKGPEG�ICKPGF�KP�VJG�KPVGTKO��

6JG�+/�)'1�OQFGN�FGXGNQRGF�D[�5CPFKC�QTKIKPCNN[�KPENWFGF�QPN[�HQWT�IGPGTKE�IGQNQIKE�UKVGU�

V[RKECN�QH� VJQUG�HQWPF�KP� VJG�7�5��+P������� KV�YCU�OQFKHKGF� VQ�RTQEGUU�FCVC�HQT�CNN� VJG�UKVGU

KFGPVKHKGF�KP�VJG������2GVV[�GV��CN��TGUQWTEG�UVWF[��6JWU��KV�OCFG�UGPUG�VQ�KPEQTRQTCVG�KV�KPVQ�VJG

)'5��*QYGXGT��UKPEG�KV�YCU�EQFGF�KP�3WKEM�$CUKE��KV�YCU�FGEKFGF�VQ�KPEQTRQTCVG�KV�CU�C�2%�DCUGF

FCVC�RTG�RTQEGUUQT��TCVJGT�VJCP�TGYTKVG�KV�KP�(QTVTCP�CU�CP�GPFQIGPQWU�EQORQPGPV�QH�)'5��6JG
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FCVC�RTG�RTQEGUUQT� KU�TGHGTTGF� VQ�CU� VJG�)'5�&CVC�2TG�2TQEGUUQT�QT�)'5&22��HQT�UJQTV��5GG

#RRGPFKZ���'�HQT�HWTVJGT�FGVCKNU�QP�VJG�)'5&22�

#NVJQWIJ�XCTKQWU�RTQLGEVKQPU�QH�HWVWTG�IGQVJGTOCN�GNGEVTKE�ECRCEKV[�JCXG�DGGP�OCFG�D[�PWOGTQWU

KPFKXKFWCNU�CPF�QTICPK\CVKQPU�QXGT�VJG�NCUV����[GCTU��VJGUG�JCXG�DGGP��HQT�VJG�OQUV�RCTV��GFWECVGF

IWGUUGU��0'/5� KU� VJG� HKTUV�PCVKQPCN�NGXGN�� GPGTI[� UWRRN[�CPF�FGOCPF�OQFGN� KPEQTRQTCVKPI�C

IGQVJGTOCN� UWRRN[�OQFGN�YJKEJ� KPVGITCVGU� IGQVJGTOCN� TGUQWTEG� CUUGUUOGPVU�YKVJ� C� EQUV� CPF

RGTHQTOCPEG�OQFGN�QH�IGQVJGTOCN�GNGEVTKE�IGPGTCVKQP�U[UVGOU�

Geothermal Electricity Submodule Structure

Submodule Flow Diagrams

6JKU� UGEVKQP� EQPVCKPU� VYQ� HNQY� FKCITCOU� UJQYKPI� VJG� NQIKECN� UVTWEVWTG� QH� VJG� )GQVJGTOCN

'NGEVTKEKV[�5WDOQFWNG��KVU�RTKPEKRCN�RTQEGFWTGU��CPF�VJG�TGNCVKQPUJKRU�COQPI�VJGO�

(KIWTG���RTQXKFGU�C�JKIJ�NGXGN�QXGTXKGY�QH�VJG�EQPVTQNNKPI�RTQEGFWTG��5WDTQWVKPG�4(/)'5��6JGTG

CTG�HQWT�UGVU�QH�RTQEGFWTGU�CV�VJKU�NGXGN�


�� +PKVKCNK\CVKQP�2TQEGFWTGU�G�9JGP�4(/)'5�KU�HKTUV�ECNNGF�
HKTUV�KVGTCVKQP�HQT�VJG�HKTUV

UKOWNCVKQP�[GCT���)'+0+6�TGCFU�FCVC�HTQO�HKNGU�CPF�ECNEWNCVGU�CPF�UGVU�QVJGT�KPKVKCN�XCNWGU�

#� HNQY�FKCITCO� HQT�)'+0+6�RTQEGFWTGU� KU� UJQYP� KP�(KIWTG����%WTTGPVN[�� C� UGRCTCVG

RTQEGFWTG�)'4&6/2�TGCFU�HTQO�C�HKNG��UJCFQY��RTKEGU�WUGF�VQ�VTWPECVG�PGY�ECRCEKV[

UWRRN[�EWTXGU��+V�KU�UGRCTCVG�DGECWUG�CP�KPVGTHCEG�KU�VQ�DG�GUVCDNKUJGF�KP�VJG�HWVWTG�YJGTGD[

'//�YKNN�RTQXKFG�VJG�XCNWGU��5KVG�EQUVU�CPF�WPRNCPPGF�PGY�ECRCEKV[�HCEVQTU�VJCV�CTG�UGV

KPKVKCNN[�VJTQWIJ�)'+0+6�CTG�EJCPIGF�CU�VJG�UWDOQFWNG�KU�TWP�HQT�UWEEGUUKXG�[GCTU��9JGP

�CNN�[GCT��NQQRKPI�KU�DGKPI�WUGF�HQT�VJG�0'/5�TWP��VJGKT�KPKVKCN�XCNWGU�OWUV�DG�TGUVQTGF

QP�UWDUGSWGPV�ECNNU�VQ�4(/)'5�HQT�VJG�HKTUV�UKOWNCVKQP�[GCT�


�� 5VCPFCTF� �1PEG�#�;GCT�� 2TQEGFWTGU� G� 6JGUG� RTQEGFWTGU� CTG� EJCTCEVGTK\GF� CU

�UVCPFCTF��DGECWUG�VJG[�EQORTKUG�VJG�RTKPEKRCN�CNIQTKVJOU�QH�VJG�OQFGN��4GHNGEVKPI�VJG

F[PCOKEU�QH�VJG�KPVGTHCEGU�YKVJ�'//��VJG[�IGPGTCNN[�CTG�RGTHQTOGF�QPN[�QPEG�GCEJ�[GCT�

QP�ECNNU�HQT�VJG�HKTUV�KVGTCVKQP��*QYGXGT��VJG[�CTG�RGTHQTOGF�QP�CNN�ECNNU�HQT�CP[�0'/5

TWPU�YKVJ��CNN�[GCTU��NQQRKPI��#U�C�UGEQPF�TGHNGEVKQP�QH�'//�KPVGTHCEG�F[PCOKEU��VJG

RTQEGFWTGU�RTQFWEG�QWVRWV�PQV�HQT�VJG�EWTTGPV�UKOWNCVKQP�[GCT��DWV�HQT�VJG�[GCT�HQNNQYKPI

VJG�EWTTGPV�UKOWNCVKQP�[GCT��#U�C�URGEKCN�ECUG��QWVRWV�KU�HKTUV�RTQFWEGF�HQT�VJG�EWTTGPV

UKOWNCVKQP�[GCT�YJGP�KV�KU�VJG�HKTUV�UKOWNCVKQP�[GCT��DWV�NCVGT�VJCP�������6YQ�RTQEGFWTGU

RTQFWEG�KPVGTPCN�FCVC�WUGF�D[�VJG�RTKOCT[�OQFGN�RTQEGFWTGU��)')'6(2�QDVCKPU�'//�VCZ

TCVGU�CPF�EQUV�QH�ECRKVCN�RCTCOGVGTU�CPF�ECNEWNCVGU�PQOKPCN�FKUEQWPV�TCVGU��)'725%1

WRFCVGU�UKVG�EQUVU��OQXKPI�EQUVU�HQT�VJG�EWTTGPV�UKOWNCVKQP�[GCT�HTQO�VJG��PGZV�[GCT��VQ�VJG

�VJKU�[GCT��RQUKVKQP�KP�VJG�EQUV�CTTC[U�CPF�ECNEWNCVKPI�VJG�EQUVU�HQT�VJG�HQNNQYKPI�[GCT�HQT

VJG��PGZV�[GCT��RQUKVKQP��6JGTG�CTG�VJTGG�RTKPEKRCN�OQFGN�RTQEGFWTGU��)'%2&24�RTQEGUUGU

VJG�PGY�ECRCEKV[�DWKNF�FGEKUKQPU�OCFG�D[�VJG�'%2��CNNQECVKPI�VJG�TGIKQPCN�DWKNF�COQWPVU
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VQ�KPFKXKFWCN�UKVGU�KP�VJG�TGIKQP�VJTQWIJ�VJG�PGY�ECRCEKV[�UWRRN[�EWTXG�FCVC�HQT�VJG�TGIKQP�
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Figure 7. Geothermal Electricity Submodule Overview Flowchart
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Figure 8. GEINIT First Call Initialization Overview Flowchart
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Key Computations and Equations
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Computations for Geothermal Sites
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8CNWGU�CTG�TGCF�HTQO�VJG�HKNG�HQT�CNN�DWV�VJG�ECRKVCN�EQUVU�HQT�NQECN�VTCPUOKUUKQP�GSWKROGPV�CPF

TGUGTXQKT�HCKNWTG�KPUWTCPEG��YJKEJ�CTG�EQORWVGF��6JG�XCNWGU�CTG�KP�WPKVU�QH�OKNNKQPU�QH�����
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CNIQTKVJO��7UKPI�'//�GEQPQOKE�RCTCOGVGT�XCNWGU��CNN�ECRKVCN�EQUVU�CPF�CFFKVKQPCN�1�/�EQUVU
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FKOGPUKQPU�

9)'#F:%% #FLWUVGF�GZRNQTCVKQP�ECRKVCN�EQUVU�
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Appendix 6-A:  Inventory of Variables, Data and
Parameters
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Appendix 6-B:  Mathematical Description

&WG� VQ� KVU� UK\G��#RRGPFKZ���$�JCU�PQV�DGGP� KPENWFGF�JGTG��(QT�#RRGPFKZ���$�� VJG� TGCFGT� KU

TGHGTTGF�VQ�VJG�TGRQTV���/QFGN�&QEWOGPVCVKQP��)GQVJGTOCN�'NGEVTKE�5WDOQFWNG�QH�VJG�4GPGYCDNG

(WGNU�/QFWNG�QH�VJG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO���&GEGODGT�������RTGRCTGF�D[�&[P%QTR�

/GTKFKCP�+PE��HQT�VJG�'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP��6JG�/CVJGOCVKECN�&GUETKRVKQP�KU�IKXGP

KP�#RRGPFKZ�$��RR�����������#�EQR[�QH�VJG�TGRQTV�KU�OCKPVCKPGF�KP�VJG�HKNGU�QH�

4QIGT�&KGFTKEJ

7�5��&GRCTVOGPV�QH�'PGTI[�'+#

�����+PFGRGPFGPEG�#XGPWG��5�9�

9CUJKPIVQP��&%�������


�������������

#NUQ�UGG��K/QFKHKECVKQPU�VQ�VJG�)GQVJGTOCN�'NGEVTKEKV[�5WRRN[�5WDOQFWNG�L�5GRVGODGT�������
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Appendix 6-D:  Model Abstract

Model Name:
)GQVJGTOCN�'NGEVTKE�5WDOQFWNG

Model Acronym:
)'5

Description:
6JG�)'5�OQFGNU�GEQPQOKE�UWRRN[�EWTXGU��CIITGICVGF�D[�'//�TGIKQP��HQT�GNGEVTKE�IGPGTCVKQP

ECRCEKV[�WVKNK\KPI�MPQYP�7�5��IGQVJGTOCN�J[FTQVJGTOCN�TGUQWTEGU��6JG�EQUVKPI�CNIQTKVJOU�OQFGN

VJG�KORCEVU�QH�URGEKHKE�TGUQWTEG�UKVG�RCTCOGVGTU�CV�MPQYP�IGQVJGTOCN�UKVGU�QP�VJG�ECRKVCN�EQUV�

QRGTCVKQP�CPF�OCKPVGPCPEG�EQUV��CPF�GPGTI[�RTKEGU�CV�VJQUG�UKVGU��(QT�GCEJ�[GCT��)'5�RTQEGUUGU

PGY� ECRCEKV[� DWKNF� FGEKUKQPU�OCFG� D[� VJG� 'NGEVTKEKV[� %CRCEKV[� 2NCPPKPI� 
'%2�� UWDOQFWNG�

CNNQECVKPI�VJG�TGIKQPCN�DWKNF�COQWPVU�VQ�KPFKXKFWCN�UKVGU�KP�VJG�TGIKQP�VJTQWIJ�VJG�PGY�ECRCEKV[

UWRRN[�EWTXG�FCVC�HQT�VJG�TGIKQP��WRFCVGU�KPUVCNNGF�ECRCEKV[�CPF�TGNCVGF�FCVC�HQT�DQVJ�UKVGU�CPF

TGIKQPCN�CIITGICVKQPU��CPF�RTQFWEGU�QWVRWV�HQT�WUG�D[�VJG�'NGEVTKE�(WGN�&KURCVEJ�UWDOQFWNG��CPF

RTQFWEGU�PGY�ECRCEKV[�UWRRN[�EWTXGU�CPF�TGNCVGF�QWVRWV�HQT�WUG�D[�VJG�'%2�UWDOQFWNG�

Purpose of the Model:
6JG�RWTRQUG�QH�)'5�KU�VQ�UWRRN[�VJG�'NGEVTKE�/CTMGV�/QFGN�
'//��QH�0'/5�YKVJ�IGQVJGTOCN

UWRRN[�EWTXGU�CPF�CPPWCN�ECRCEKV[�KPHQTOCVKQP�HQT�FKURCVEJ��

Most Recent Model Update:
,WN[�����

Part of Another Model?:
6JG�)'5�UWDOQFWNG�KU�C�EQORQPGPV�QH�VJG�4GPGYCDNG�(WGNU�/QFWNG�
4(/��QH�VJG�0CVKQPCN

'PGTI[�/QFGNKPI�5[UVGO�
0'/5��

Official Model Representative:
4QIGT�&KGFTKEJ

%QCN��7TCPKWO��CPF�4GPGYCDNG�(WGNU�#PCN[UKU�$TCPEJ

'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP

2JQPG��
�������������

Documentation:
0'/5�&QEWOGPVCVKQP�4GRQTV���4GPGYCDNG�(WGNU�/QFWNG�QH�VJG�0CVKQPCN�'PGTI[�/QFGNKPI�5[UVGO�

,CPWCT[������
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Archive Media and Installation Manual(s):
#TEJKXGF�CU�RCTV�QH�VJG�0'/5�RTQFWEVKQP�TWPU�

Energy System Described:
%QORNGVG�U[UVGOU�HQT�GZVTCEVKPI�IGQVJGTOCN�JGCV�HTQO�VJG�GCTVJ�CPF�EQPXGTVKPI�KV�VQ�GNGEVTKEKV[�

KPENWFKPI�YGNNU��HNWKF�ICVJGTKPI�U[UVGOU��DQVJ�DKPCT[�CPF�HNCUJ�TCPMKPG�E[ENG�GPGTI[�EQPXGTUKQP

U[UVGOU��CPF�HNWKF�TGKPLGEVKQP�U[UVGOU�

Coverage:

� )GQITCRJKE���'//�TGIKQPU���������CPF���

� 6KOG�7PKV�(TGSWGPE[���#PPWCN�������VJTQWIJ�����

� 2TQFWEVU���'NGEVTKEKV[

� 'EQPQOKE�5GEVQTU���'NGEVTKE�WVKNKV[

Modeling Features:

� /QFGN�5VTWEVWTG���6JG�OQFGN�QRGTCVGU�CV�VJG�NGXGN�QH�KPFKXKFWCN�IGQVJGTOCN�UKVGU��4GIKQPCN

KPRWVU�HTQO�VJG�'NGEVTKEKV[�/CTMGV�/QFWNG�CTG�FKUCIITGICVGF�VQ�VJG�KPFKXKFWCN�UKVGU�CPF�CTG

QRGTCVGF�WRQP�CV�VJCV�NGXGN��4GUWNVU�CTG�VJGP�TQNNGF�WR�VQ�VJG�TGIKQPCN�NGXGN�CV�YJKEJ�0'/5

KU�UVTWEVWTGF�HQT�QWVRWV�

� /QFGN�6GEJPKSWG�� �4KUM�CXQKFCPEG�OQFGN�QH�FGXGNQRGT�DGJCXKQT� KU�WUGF� VQ�FGVGTOKPG

VKOKPI�CPF�GZVGPV�QH�HWTVJGT�FGXGNQROGPV�CV�GCEJ�UKVG��0GY�ECRCEKV[�UWRRN[�EWTXGU�CTG

IGPGTCVGF�KP�VGTOU�QH�OKPKOK\KPI�NGXGNK\GF�EQUV�HQT�CP[�PGY�ECRCEKV[�COQWPVU��4GIKQPCN

CIITGICVG�FCVC�KU�EQORWVGF�CU�YGKIJVGF�CXGTCIG�QH�CPCNQIQWU�KPFKXKFWCN�UKVG�FCVC��WUKPI

GKVJGT�ECRCEKV[�QT�IGPGTCVKQP�CU�YGKIJVU��CU�CRRTQRTKCVG�

� 5RGEKCN�(GCVWTG�

� #EEQOOQFCVGU�TWPU�HQT�GKVJGT�V[RG�QH�NQQRKPI��+PEQTRQTCVGU�F[PCOKE�KPVGTHCEG�KP

YJKEJ�VJG�QWVRWV�PGGFGF�D[�VJG�'//�HQT�RTQEGUUKPI�VJG�PGZV�[GCT�KU�RTQFWEGF�

TCVJGT�VJCP�VJG�QWVRWV�HQT�VJG�EWTTGPV�[GCT�

� 'ORNQ[U� C� 2%�DCUGF� FCVC� RTG�RTQEGUUQT� VQ� ECNEWNCVG� UKVG�URGEKHKE� EQUVU� CPF

RGTHQTOCPEG�QH�IGQVJGTOCN�U[UVGOU�DCUGF�QP�TGUQWTEG�FCVC�HQT����MPQYP�7�5�

IGQVJGTOCN�TGUQWTEG�UKVGU�

Non-DOE Input Sources:
0QPG�
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DOE Input Sources:

2GVV[��5WUCP��GV�CN��5WRRN[�QH�)GQVJGTOCN�2QYGT�HTQO�*[FTQVJGTOCN�5QWTEGU���#�5VWF[�QH�VJG�%QUV

QH�2QYGT�KP����CPF����;GCTU��5WUCP�2GVV[�%QPUWNVKPI��5QNCPC�$GCEJ��%#��,WPG������HQT�VJG

'PGTI[�+PHQTOCVKQP�#FOKPKUVTCVKQP�CPF�)GQVJGTOCN�&KXKUKQP�QH�&1'�

� )GQVJGTOCN�4GUQWTEG�5KVG�&CVC

'PVKPIJ��&���/E.CTV[�.���0KEJQNU��-���.KXGUC[��9���CPF�2GVV[��5����)GQVJGTOCN�%QUV�QH

2QYGT�/QFGN�+/�)'1�8GTUKQP�������FGXGNQRGF�HQT�5CPFKC�0CVKQPCN�.CDQTCVQT[�CPF�VJG

)GQVJGTOCN�&KXKUKQP�QH�VJG�&1'�

� )GQVJGTOCN�U[UVGOU�QRGTCVKQPCN�CPF�EQUV�RCTCOGVGTU�CPF�CNIQTKVJOU�

Computing Environment:

� *CTFYCTG�7UGF���+$/�45�����

� 1RGTCVKPI�5[UVGO���7PKZ

� .CPIWCIG�5QHVYCTG�WUGF���85�(QTVTCP��8GTUKQP�����

Independent Expert Reviews Conducted:
0QPG�

Status of Evaluation Efforts by Sponsor:
0QPG�



     Entingh, D.J. and Mclarty, L. Geothermal Cost of Power Model - IM-GEO Version 3.05: User's Manual,19

for Sandia National Laboratory, November 1991.
    Petty, Susan, et al, Supply of Geothermal Power from Hydrothermal Sources:  A Study of the Cost of20

Power in 20 and 40 Years, Susan Petty Consulting, Solana Beach, CA, June 1991.
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Appendix 6-E:  Data Quality and Estimation 
Processes

6JKU�CRRGPFKZ�RTQXKFGU�CP�QXGTXKGY�QH�VJG�)GQVJGTOCN�'NGEVTKE�5WRRN[�&CVC�2TG�2TQEGUUQT�OQFGN�

QT�)'5&22��#�2%�DCUGF�OQFGN��)'5&22�UGTXGU�CU�VJG�OCKP�UQWTEG�QH�KPRWV�FCVC�WUGF�KP�VJG

)'5�� +V� KU� CFCRVGF� HTQO� CP� GCTNKGT� 2%�DCUGF� OQFGN�� +/�)'1 �� FGXGNQRGF� D[� C� VGCO� QH��

IGQVJGTOCN�KPFWUVT[�GZRGTVU�HQT�5CPFKC�0CVKQPCN�.CDQTCVQT[�KP�VJG�OKF�����U���+/�)'1��UVCPFU

HQT�+ORCEVU�QH�4GUGCTEJ�CPF�&GXGNQROGPV�QP�VJG�%QUV�CPF�2GTHQTOCPEG�QH�)GQVJGTOCN�'NGEVTKE

5[UVGOU��

6JG�)'5&22��ECNEWNCVGU�V[RKECN�ECRKVCN�CPF�QRGTCVKQP�CPF�OCKPVGPCPEG�EQUVU�
CU�YGNN�CU�JGCV�TCVGU�

HNQY�TCVGU��CPF�QVJGT�VGEJPKECN�RCTCOGVGTU��HQT�C�UKPING����/9�
PGV��RNCPV�CV�GCEJ�QH����MPQYP

IGQVJGTOCN�TGUQWTEG�UKVGU�KP�VJG�YGUVGTP�7�5���KPENWFKPI�*CYCKK��$CUGF�QP�JKUVQTKECN�EQUV�FCVC�HQT

KPFGRGPFGPV�IGQVJGTOCN�RQYGT�RTQLGEVU�FGXGNQRGF�FWTKPI�VJG�����U��)'5&22�OQFGNU�GZKUVKPI�

EQOOGTEKCNN[� CXCKNCDNG� VGEJPQNQIKGU� CUUQEKCVGF� YKVJ� RQYGT� IGPGTCVKQP� HTQO� J[FTQVJGTOCN

TGUQWTEGU�� 6Q� FCVG�� J[FTQVJGTOCN� TGUQWTEGU� CTG� VJG� QPN[� IGQVJGTOCN� TGUQWTEGU� HQT� YJKEJ

EQOOGTEKCN�FGXGNQROGPV�JCU�DGGP�HGCUKDNG�

6JG�OCKP�KPRWV�VQ�)'5&22�KU�C�IGQVJGTOCN�TGUQWTEG�FCVC�UGV�YJKEJ�KPENWFGU�FCVC�QP����MPQYP

IGQVJGTOCN� TGUQWTEG� UKVGU� KP� VJG�7�5��6JG� UKVG� FCVC� KPENWFG�OGCUWTGF� RCTCOGVGTU� CU�YGNN� CU

RCTCOGVGTU�YJKEJ�YGTG�GUVKOCVGF�DCUGF�QP�QVJGT�OGCUWTGF�FCVC�HQT�VJG�UKVG�KP�SWGUVKQP�QT�QP�OQTG

EQORNGVG�MPQYNGFIG�QH�C�IGQNQIKECNN[�CPF�J[FTQNQIKECNN[�UKOKNCT�UKVG��6JGUG�FCVC�YGTG�EQORKNGF

FWTKPI�C�UVWF[�EQORNGVGF�KP������HQT�'+#�CPF�VJG�)GQVJGTOCN�&KXKUKQP�QH�&1' ��WUKPI�7�5���

)GQNQIKECN�5WTXG[�FCVC�CPF�QVJGT�UQWTEGU��

6JG�EQUV�CPF�RGTHQTOCPEG�FCVC�CPF�CNIQTKVJOU�YKVJKP�)'5&22�CTG�EQPUKFGTGF�CEEWTCVG�UKPEG�EQUVU

CU�OQFGNGF�D[�+/�)'1�JCXG�DGGP�HQWPF�VQ�DG�TGCUQPCDN[�UKOKNCT�VQ�EQUVU�HQT�CEVWCN�IGQVJGTOCN

RTQLGEVU��6JG�TGUQWTEG�UKVG�FCVC�CTG�EQPUKFGTGF�NGUU�TGNKCDNG��(QT�VJG����TGUQWTEG�UKVGU�YKVJ�GZKUVKPI

IGQVJGTOCN�ECRCEKV[��CPF�GURGEKCNN[�HQT�VJQUG�VJCV�JCXG�DGGP�QRGTCVKPI�HQT�UGXGTCN�[GCTU��VJG�FCVC

CTG�RTQDCDN[�SWKVG�TGNKCDNG��*QYGXGT��HQT�OQUV�QH�VJG�QVJGT�UKVGU��IGQNQIKECN��IGQRJ[UKECN�CPF

J[FTQNQIKECN�KPXGUVKICVKQPU�JCXG�DGGP�NKOKVGF��CPF�OWEJ�QH�VJG�FCVC�JCXG�DGGP�GUVKOCVGF�DCUGF�QP

MPQYNGFIG�QH�IGQVJGTOCN�TGUQWTEG�UKVGU�YKVJ�UKOKNCT�IGPGTCN�IGQNQIKECN�EQPFKVKQPU�

+OOGFKCVGN[� HQNNQYKPI� CTG� IGPGTCN� HNQY� FKCITCOU� HQT�)'5&22�� RTGUGPVGF� KP�(KIWTGU� �'���

�'����CPF��'����CPF�C�NKUVKPI�QH�OCVJGOCVKECN�FGUETKRVKQPU�QH�VJG�MG[�EQUVKPI�CPF�RGTHQTOCPEG

CNIQTKVJOU��#�NKUV�QH�VJG�KPRWV�TGUQWTEG�FCVC�CPF�QWVRWV�FCVC�HTQO�)'5&22�CTG�RTGUGPVGF�KP�2CTV

��QH�#RRGPFKZ���#��#�FGUETKRVKQP�QH�VJG�QWVRWV�HKNG��9)'5+6'��YJKEJ�UGTXGU�CU�VJG�OCKP�KPRWV

HKNG�HQT�)'5�ECP�CNUQ�DG�HQWPF�KP�#RRGPFKZ���#�
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Figure 6E-1.  Main Flow Chart of GESDPP
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Figure 6E-2.  Flow Diagram for Process Site Data Routine
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Figure 6E-3.  Flow Chart for Yplant Routine
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Mathematical Descriptions of Key Algorithms
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KPLGEVKQP�YGNNU

� ���

&4;�%1706 � PWODGT�QH�HCKNGF�EQPHKTOCVKQP�YGNNU�WPUWKVCDNG�HQT�KPLGEVKQP

YGNNU

9%�)'0. � 9%29��6'56�7�+, 
�'����

YJGTG�

9%29 � 
UGG�&TKNNKPI�%QUV�CDQXG�

6'56�7�+, � EQUV�QH�NQIIKPI�CPF���FC[�HNQY�VGUV

%�2'4/+65 � EQUV�QH�QDVCKPKPI�FTKNNKPI�RGTOKVU������������

6JG�EQUV�QH�UWEEGUUHWN�RTQFWEVKQP�YGNNU�FWTKPI�VJG�EQPHKTOCVKQP�RGTKQF�KU�

%10(�241&���)11&�241&5���9%�%10( 
�'����

YJGTG�

)11&�241&5 � PWODGT�QH�UWEEGUUHWN�EQPHKTOCVKQP�RTQFWEVKQP�YGNNU����

9%�%10( � EQUV�RGT�UWEEGUUHWN�EQPHKTOCVKQP�YGNN

� 9%29��6'56�7�%10( 
�'����

YJGTG�

9%29 � 
UGG�9GNN�%QUVU�CDQXG�

6'56�7�%10( � EQUV�QH�NQIIKPI����FC[�HNQY�VGUV�CPF����FC[�HNQY�VGUV
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Construction Phase Cost (GESDPP)

6JG� EQUV� QH� KPLGEVKQP� YGNNU�� CPF� UWEEGUUHWN� CPF� WPUWEEGUUHWN� RTQFWEVKQP� YGNNU� FWTKPI� VJG

EQPUVTWEVKQP�RJCUG�KU�

%156�+0,�9'..5���9%�)'0.���
9+,0���)11&�+0,5� 
�'����

%156�241�9'..5���
907/��92524���)11&�241&5��� 
�'����

�����9%�241&���
��94'&�

%156�&4;�9'..5���9%�)'0.���92&4; 
�'����

YJGTG�

9%�)'0. � 
UGG�%QPHKTOCVKQP�%QUV�CDQXG�

9+,0 � VQVCN�PWODGT�QH�KPLGEVKQP�YGNNU�PGGFGF

)11&�+0,5 � PWODGT�QH�KPLGEVKQP�YGNNU�HTQO�EQPHKTOCVKQP�RJCUG������

907/ � PWODGT�QH�RTQFWEVKQP�YGNNU

92524 � PWODGT�QH�URCTG�RTQFWEVKQP�YGNNU

)11&�241&5 � PWODGT�QH�IQQF�RTQFWEGTU�HTQO�EQPHKTOCVKQP�RJCUG����

9%�241& � 9%29�
UGG�CDQXG���EQUV�QH�NQIIKPI�CPF����FC[�HNQY�VGUVU

94'& � TGFTKNNKPI�KPEKFGPEG�HTCEVKQP�
HTQO�UKVG�FCVC�

92&4; � PWODGT�QH�EQPUVTWEVKQP�RJCUG�FT[�JQNGU

Well Pump Cost (GESDPP)

6JG�EQUV�QH�FQYPJQNG�YGNN�RWORU�KU�

&26.���&2%���207/ 
�'����

YJGTG�

&2% � FGGR�RWOR�EQUV����OKNNKQP

207/ � PWODGT�QH�RWORU�
KPENWFKPI�URCTGU�
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Gathering System Cost (GESDPP)

6JG�EQUV�QH�VJG�UWTHCEG�ICVJGTKPI�U[UVGO�HQT�VJG�RTQFWEVKQP�YGNNU�CUUWOGU�C�TGEVCPIWNCT�HKGNF��RKRG

EQUV�QH�����RGT�HQQV��CPF�C���������EQPVTQN�XCNXG�HQT�GCEJ�YGNN��6JG�EQUV�KU�

%241&)#6*�
��OKNNKQP������������
�����0(''6���������� 
�'����

�����9241&57/�������������

YJGTG�

0(''6 � NGPIVJ�QH�RKRG�RGT�RTQFWEVKQP�YGNN��HV�

9241&57/ � VQVCN�PWODGT�QH�RTQFWEVKQP�YGNNU�
KPENWFKPI�URCTGU�

6JG�EQUV�QH�VJG�UWTHCEG�ICVJGTKPI�U[UVGO�HQT�VJG�KPLGEVKQP�YGNNU�CUUWOGU�NQECVKQP�QH�VJG�KPLGEVKQP

YGNNU�KP�ITQWRU�QH����YKVJ�VQVCN�NGPIVJ�QH�RKRKPI�HQT�GCEJ�ITQWR�GSWCN�VQ���VKOGU�VJG�FKUVCPEG

DGVYGGP�YGNNU�
UKVG�FCVC���CPF�C���������EQPVTQN�XCNXG�HQT�GCEJ�YGNN��6JG�EQUV�KU�

%+0,)#6*�
��OKNNKQP������������%1562'4����9+,0��������������9+,0 
�'����

YJGTG�

%1562'4� � UWTHCEG�RKRG�EQUV�RGT�ITQWR�QH���KPLGEVKQP�YGNNU����OKNNKQP�

9+,0 � VQVCN�PWODGT�QH�KPLGEVKQP�YGNNU�PGGFGF

Field O&M Cost (GESDPP)

1RGTCVKQP�CPF�/CKPVGPCPEG�EQUVU�
��OKNNKQP�[T��CUUQEKCVGF�YKVJ�RTQFWEVKQP�YGNNU�CPF�KPLGEVKQP

YGNNU�CTG�

9'..�1�/����������907/���8�241&�4'914-��9+,0��� 
�'����

��������8�+0,�4'914-

YJGTG�

907/ � VQVCN�PWODGT�QH�RTQFWEVKQP�YGNNU

8�241&�4'914- � WPKV�CPPWCN�EQUV�HQT�RTQFWEVKQP�YGNN�TGYQTM

9+,0 � VQVCN�PWODGT�QH�KPLGEVKQP�YGNNU

8�+0,�4'914- � WPKV�CPPWCN�EQUV�QH�KPLGEVKQP�YGNNU
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1RGTCVKQP�CPF�OCKPVGPCPEG�EQUVU�
��OKNNKQP�[T��HQT�RTQFWEVKQP�YGNN�RWORU�CTG�

27/2�1�/������������907/ 
�'����

YJGTG�

907/ � VQVCN�PWODGT�QH�RTQFWEVKQP�YGNNU

1RGTCVKQP�CPF�OCKPVGPCPEG�EQUVU�
��OKNNKQP�[T��HQT�VJG�UWTHCEG�ICVJGTKPI�U[UVGO�CTG�

)#6*'4�1�/����������$$$���526. 
�'����

YJGTG�

$$$ � <<$ ���<<$��� 
�'�����

YJGTG�

<<$ � ��KH�6&5�����

� ��KH�6&5� ���

� ��KH�6&5� ����

YJGTG�

6&5 � VQVCN�FKUUQNXG�UQNKFU�
RCTVU�RGT�VJQWUCPF��
UKVG�FCVC�

Injection Well Replacement Cost (GESDPP)

6JG�RTQRGT�NQECVKQP�QH�KPLGEVKQP�YGNNU�KU�FKHHKEWNV��6JG�QDLGEVKXG�KU�VQ�NQECVG�VJGO�UQ�VJCV�VJG

KPLGEVGF�EQQNGF�DTKPG�TGRNGPKUJGU�TGUGTXQKT�XQNWOG�CPF�RTGUUWTG�YKVJQWV�EQQNKPI�VJG�DTKPG�EQOKPI

WR�VJG�RTQFWEVKQP�YGNNU��+V�KU�PQV�WPEQOOQP�HQT�KPKVKCN�KPLGEVKQP�YGNNU�VQ�JCXG�VQ�DG�TGNQECVGF�FWG

VQ� VJKU� �VJGTOCN� DTGCMVJTQWIJ�� QH� VJG� EQQNGF� HNWKF� KPVQ� VJG� RTQFWEVKQP� UVTGCO�� 6JG� EQUV� QH

TGNQECVKPI�RQQTN[�NQECVGF�KPLGEVKQP�YGNNU�KU�

%11.'&�%#2�%156�����
9+,0���9%�)'0.� 
�'����

�%+0,)#6*�
2'4%'06�+0,�(#+.'&�����

YJGTG�

2'4%'06�+0,�(#+.'& � RGTEGPV�QH�KPLGEVQTU�VQ�HCKN�
UKVG�FCVC�
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