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DREW ROBB

Editor-in-Chief

I
n 2003, the U.S. and the European 
Union agreed to speed up the develop-
ment of what was then termed the 
“hydrogen economy.” This collabora-

tion aimed to:
• Convert transportation fuels from 

petroleum to clean-burning hydrogen
• Reverse the growing dependence on 

foreign oil
• Commercialize hydrogen-powered 

fuel cells
• Lower emissions
• Develop by 2020 vehicles running 

on hydrogen fuel cells. 
“Hydrogen fuel cells represent one of 

the most encouraging, innovative technol-
ogies of our era,” said President George 
W. Bush. 

Things didn’t quite work out that way. 
Electric- or CNG-powered vehicles and 
battery technology have far outpaced 
hydrogen-fueled cars on our streets. 
Hydrogen generators are available on the 
market, but not widely deployed. Gas tur-
bines can now be run with a higher hydro-
gen content, although the technology is 
not in high demand. 

That may be changing, though. Our 
cover story delves into what some of the 
OEMs are doing with hydrogen. Most 
have systems that can run with a higher 
concentration of hydrogen. A mix of nat-
ural gas and hydrogen is viewed as a way 
to lower carbon emissions, and lower 
costs by taking advantage of opportunity 
fuels, for example, process off-gases that 
often have a high hydrogen content. 

But challenges remain. A viable 
source of cheap and easily available 

hydrogen is one. Another challenge is 
developing a combustor that minimizes 
DXWR�LJQLWLRQ�DQG�À�DVKEDFN�LQ�WKH�SUHPL[�
zone. You can read how MHPS, GE, Sie-
mens, and Ansaldo Thomassen are 
addressing these issues. But don’t hold 
your breadth waiting for an all-hydrogen 
machine any time soon. MHPS, for exam-
ple, has set 2030 as the target for the pro-
duction availability of a combustor able to 
run on 100% hydrogen. 

Features in this issue include stream-
lining the lube oil system with a transfer 
barrier accumulator, aeroderivative gas 
turbines versus reciprocating engines, 
maximizing compressor performance via 
act ive magnet ic bear ings (AMBs), 
non-destructive testing of steam turbines, 
a Q & A on asset performance manage-
ment, and a Mythbusters about small par-
ticulate matter. 

Our product pages, too, are full of new 
developments, such as a narrow section 
gas seal, upgrades to existing gas tur-
bines, and turboexpanders using AMBs. 

We also call your attention to our 
annual Pump Supplement. It offers prac-
tical advice to those interesting in speci-
fying, selecting, designing, and maintain-
ing centrifugal pumps. Further tips dis-
cuss the value of vertical pumps, related 
piping, suction, cavitation, and fitting 
pumps with variable speed drives. 

,W¶V�D�ELJ�LVVXH�DV�EH¿�WV�WKH�DQQXDO�7XU�
bomachinery Symposium in Houston, 
Texas. We look forward to seeing you 
there. ■

HYDROGEN POWER
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Better sensors
$�3XUGXH�8QLYHUVLW\�DI¿OLDWHG�VWDUWXS�LV�
GHYHORSLQJ�LQVWUXPHQWV�WR�PHDVXUH�SUHV-
VXUH�� WHPSHUDWXUH�DQG�RWKHU�DQDO\WLFV�
LQVLGH�WKH�KDUVK�HQYLURQPHQWV�RI�URFNHW�
HQJLQHV�DQG�*7V��.QRZQ�DV�3HWDO�6ROX-
WLRQV��LW�KDV�H[SHUWLVH�LQ�FRPSXWDWLRQDO�
ÀXLG�G\QDPLFV��&)'��DQG�LV�SXVKLQJ�WKH�
ERXQGDULHV�LQ�FRROLQJ�DQG�GHVLJQ�SUREH�
WHFKQRORJLHV��

7KH�FRPSDQ\�VDLG�FRQYHQWLRQDO�LQVWUX-
PHQWV�DUH�OLPLWHG�LQ�WKH�PD[LPXP�WHP-
SHUDWXUHV�WKH\�FDQ�ZLWKVWDQG��DQG�KRZ�IDVW�
WKH\�FDQ�UHDFW��7KH�UHVHDUFKHUV�VD\�WKH\�
ZLOO�EH�DEOH�WR�WDLORU�SURGXFWV�WR�FUHDWH�
VHQVLQJ�GHYLFHV�DQG�LQ�KRXVH�VRIWZDUH�
SDFNDJHV�XVHUV�QHHG��

7KH\�KDYH�GHVLJQHG�D�GHYLFH�WKDW�LV���
PLOOLPHWHUV�LQ�GLDPHWHU�WKDW�FDQ�PRXQW�

LQVLGH�HQJLQHV�DQG�WUDFN�SDUDPHWHUV��VXFK�
DV�SUHVVXUH�DQG�ÀRZ�GLUHFWLRQ�LQ�KLJK�WHP-
SHUDWXUH�HQYLURQPHQWV�ZLWK�DFFXUDF\��
7KH\�DUH�ZRUNLQJ�RQ�D�SURWRW\SH�WKDW�FDQ�
ZLWKVWDQG�WHPSHUDWXUHV�XS�WR�������)��%\�
QH[W�\HDU�WKH\�SODQ�WR�KDYH�D�SURWRW\SH�WKDW�
FDQ�ZLWKVWDQG�WHPSHUDWXUHV�XS�WR�������)�

Better fracking 
*7,�LV�OHDGLQJ�D�SURJUDP�RQ�+\GUDXOLF�
)UDFWXULQJ�7HVW�6LWHV��+)76��LQ�WKH�3HUP-
LDQ�%DVLQ�RI�7H[DV��,W�EULQJV�WRJHWKHU�JRY-
HUQPHQW�DQG�LQGXVWU\�WR�LPSURYH�UHFRYHU\�
DQG�DGYDQFH�HQYLURQPHQWDOO\�UHVSRQVLEOH�
PHWKRGV�RI�RSWLPL]LQJ�SURGXFWLRQ��,W�KDV�
ORZHUHG�FRVWV�LQ�WKH�0LGODQG�DQG�'HOD-
ZDUH�%DVLQV��
)XQGLQJ�FRPHV�IURP�WKH�8�6��'HSDUW-

PHQW�RI�(QHUJ\�1DWLRQDO�(QHUJ\�7HFKQRO-

RJ\�/DERUDWRU\��'2(�1(7/���$QDGDUNR�
DQG�6KHOO�SODQ�WR�FR�KRVW�D�QHZ�¿HOG�WHVW�
VLWH�LQ�WKH�'HODZDUH�%DVLQ��ZKHUH�PXOWLSOH�
H[SHULPHQWV�WR�HYDOXDWH�ZHOO�FRPSOHWLRQ��
RSWLPL]H�GHVLJQ��DQG�TXDQWLI\�HQYLURQ-
PHQWDO�LPSDFW�ZLOO�EH�FDUULHG�RXW��
:RUN�ZLOO�FRPPHQFH�LQ�ODWH�������7KH�

QHZ�¿HOG�WHVW�VLWH�LQ�/RYLQJ�&RXQW\��7H[DV�
ZLOO�IHDWXUH�GLIIHUHQW�GHSWK��SUHVVXUHV��DQG�
SHUPHDELOLW\�WKDQ�WKH�VLWH�RI�*7,¶V�ILUVW�
FROODERUDWLYH�SURMHFW��+)76�±0LGODQG��
(DFK�ORFDWLRQ�UHTXLUHV�VSHFL¿F�WHFKQLTXHV�
IRU�RSWLPDO�SURGXFWLRQ�EDVHG�RQ�ORFDO�JHR-
ORJLF�FRPSOH[LW\�

7KH�3HUPLDQ�%DVLQ�LQ�:HVW�7H[DV�LV�
FRQVLGHUHG�RQH�RI�WKH�ODUJHVW�K\GURFDUERQ�
UHVRXUFHV�LQ�WKH�ZRUOG��FRYHULQJ��������
VTXDUH�PLOHV�DQG�HQFRPSDVVLQJ����FRXQ-
WLHV�LQ�1HZ�0H[LFR�DQG�7H[DV��

$Q�LQFUHDVH�LQ�VKDOH�SURGXFWLRQ�IURP�
WKH�3HUPLDQ�DORQH�FRXOG�VHW�WKH�8�6��WRZDUG�
HQHUJ\�VHFXULW\��&XUUHQW�RLO�SURGXFWLRQ�LV�
DERXW�����PLOOLRQ�EDUUHOV�SHU�GD\��DQG�SUR-
MHFWLRQV�VXJJHVW�WKDW�WKLV�FRXOG�PRUH�WKDQ�
GRXEOH�RYHU�WKH�QH[W���WR����\HDUV��1DWXUDO�
JDV�SURGXFWLRQ�LQ�WKH�3HUPLDQ�%DVLQ�LV�
OLNHO\�WR�WULSOH�E\������IURP�LWV������OHYHO��

LNG carrier
6RXWK�.RUHDQ�VKLSEXLOGHU�'DHZRR�6KLS-
EXLOGLQJ�	�0DULQH�(QJLQHHULQJ��'60(��
KDV�FRPSOHWHG� LWV� I LUVW� /1*�FDUULHU�
HTXLSSHG�ZLWK�D�IXOO�UHOLTXH¿FDWLRQ�V\VWHP��
7KH�VKLS�LQ�TXHVWLRQ�LV�WKH���������P��/1*�
6FKQHHZHLVVFKHQ��WKH�ILUVW�/1*�FDUULHU�
EXLOW�E\�WKH�\DUG�ZLWK�GXDO�IXHO��WZR�VWURNH�
HQJLQHV�GHYHORSHG�E\�:LQWHUWKXU�*DV�	�
'LHVHO��:LQ*'���
:LQ*'�WHUPV�WKHVH�SURSXOVLRQ�XQLWV�LWV�

*HQHUDWLRQ�;�GXDO�IXHO��;�')��HQJLQHV��
'60(�GHYHORSHG�D�SDUWLDO�UHOLTXH¿FDWLRQ�
V\VWHP��356��VHYHUDO�\HDUV�DJR�IRU�XVH�
ZLWK�/1*�FDUULHUV�SURSHOOHG�E\�0�W\SH��
HOHFWURQLFDOO\�FRQWUROOHG��JDV�LQMHFWLRQ�
�0(�*,��HQJLQHV�GHYHORSHG�E\�0$1�
7XUER�	�'LHVHO�

/RZ�SUHVVXUH�;�')�DQG�KLJK�SUHVVXUH�
0(�*,�HQJLQHV�DUH�ERWK�GXDO�IXHO��WZR�
VWURNH�XQLWV�WKDW�KDYH�JDLQHG�IDYRU�IRU�
JDV�SRZHUHG�YHVVHOV�LQ�UHFHQW�\HDUV�GXH�WR�
WKHLU�KLJK�HIILFLHQF\�DQG�ORZ�RSHUDWLQJ�
FRVWV��
1DWXUDO�FDUJR�ERLO�RII�JDV��1%2*��

UDWHV�RQ�/1*�FDUULHUV�SURYLGH�PRUH�IXHO�
WKDQ�WKHVH�HQJLQHV�UHTXLUH�ZKHQ�RSHUDWLQJ�
DW�ORZHU�VSHHGV��%DVHG�RQ�WKH�UHYHUVH�
%UD\WRQ�F\FOH��WKH�UHIULJHUDWLRQ�V\VWHP�
XVHV�1%2*�DV�D�UHIULJHUDQW��%HFDXVH�D�
UHGXQGDQF\�IXHO�JDV�FRPSUHVVRU�LV�XVHG�DV�
D�UHIULJHUDQW�FRPSUHVVRU�LQ�;�')�DSSOLFD-
WLRQV��WKHUH�LV�QR�QHHG�IRU�DGGLWLRQDO�UHIULJ-
HUDQW�FRPSUHVVRUV�

Turboexpander market
7KH�JOREDO� WXUERH[SDQGHU� LQGXVWU\� LV�
PDLQO\�FRQFHQWUDWHG�LQ�&KLQD��(XURSH�DQG�

BHGE digest
%DNHU�+XJKHV�*(��%+*(��KDV�FRPSOHWHG�
WKH�DVVHPEO\�RI�WKH�¿UVW�JDV�WXUELQH��*7��
PRGXOH�WR�EH�LQVWDOOHG�LQ�WKH�7HQJL]�RLO�
ILHOG�LQ�.D]DNKVWDQ��RSHUDWHG�E\�7HQ-
JL]FKHYURLO��7&2���,W�LV�GHVLJQHG�WR�LQWH-
JUDWH�D�)UDPH���*7�LQ�DQ�DLU�FRQGLWLRQHG�
PRGXOH�ZLWK�VWULQJHQW�GLPHQVLRQV��7KLV�
PRGXOH�LV�D�SUHUHTXLVLWH�WR�VXFFHVVIXO�RSHU-
DWLRQ�LQ�WKH�VLWH¶V�KDUVK�HQYLURQPHQW��ZKLFK�
LV�FKDUDFWHUL]HG�E\�H[WUHPH�WHPSHUDWXUHV��

/RFDWHG�LQ�:HVWHUQ�.D]DNKVWDQ��7HQ-
JL]�LV�RQH�RI�WKH�ZRUOG¶V�ODUJHVW�RLO�DQG�JDV�
¿HOGV��,Q�WRWDO��%+*(�ZLOO�VXSSO\�¿YH�����
0:�SRZHU�JHQHUDWLRQ�PRGXOHV��DOO�
HUHFWHG�LQ�%+*(¶V�\DUG�LQ�,WDO\��,Q�0D\�
������WKH�¿UVW�HYHU�IXOO�ORDG�VWULQJ�WHVW�ZDV�
SHUIRUPHG�RQ�D�)UDPH���IRU�D�SRZHU�JHQ-
HUDWLRQ�DSSOLFDWLRQ�RQ�%+*(�SUHPLVHV��

*OREDO�/1*�6HUYLFHV��*/6���ZKLFK�
KDV�VHOHFWHG�%+*(�IRU�LWV�URWDWLQJ�HTXLS-
PHQW��LV�SURJUHVVLQJ�RQ�WKH�0DLQ�3DVV�

(QHUJ\�+XE��03(+��'HHSZDWHU�3RUW�
SURMHFW��RZQHG�E\�LWV�8�6��VXEVLGLDU\�
03(+�DQG�ORFDWHG����PLOHV�RIIVKRUH�RI�
VRXWKHDVW�/RXLVLDQD�LQ�WKH�*XOI�RI�0H[LFR��

7ZR�/LTXL�0D[�YHVVHOV��FDSDEOH�RI�
SURGXFLQJ�D�WRWDO�RI����PLOOLRQ�WRQQHV�SHU�
DQQXP�RI�/1*��ZLOO�EH�SHUPDQHQWO\�VWD-
WLRQHG�DW�03(+��*/6�/LTXL�0D[9HVVHO�
GHVLJQ�KDV�HQDEOHG�LW�WR�LQWURGXFH�D�ÀRDW-
LQJ�WROOLQJ�IHH�PRGHO�ZLWK�D�ÀRRU�UDWH�RI�
+HQU\�+XE��������������00%WX�IRU�
SUH�SURFHVVLQJ�DQG�OLTXHIDFWLRQ��DQG�
������VKDULQJ�RI�WKH�OLTXHIDFWLRQ�QHWEDFN�
YDOXH�DERYH�WKH�������OHYHO��

*DV�ZLOO�EH�VRXUFHG�WKURXJK�LQWHU-
VWDWH�SLSHOLQHV�DQG�SUH�SURFHVVHG�RQVKRUH�
LQ�WKH�/RXLVLDQD��0LVVLVVLSSL��DQG�$OD-
EDPD�UHJLRQ��%+*(�ZDV�VHOHFWHG�E\�*/6�
IRU�/1*�HTXLSPHQW�DQG�VHUYLFHV��7KH�
QHZ�*(�/0�����*7�KDV�EHHQ�VHOHFWHG�
IRU�WKH�SURMHFW�

The Baker Hughes GE yard in Italy

INDUSTRYNEWS



Exclusive Source for Axial,

Centrifugal & Oil Free Screw

Compressors, Parts & ServiceRMS
��������	
�����
��	�
����
��	����

Axial Compressors  •  Centrifugal Compressors  •  Hot Gas Expanders

OFS Compressors  •  Steam Turbines

Bethlehem, PA

Houston, TX

Appleton, WI

Maryville, TN
uo|-ঞm]l-1_bm;u��1ol�Ŏ�(484) 821-0702

Restoring more than just conf idence.
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1RUWK�$PHULFD��DFFRUGLQJ�WR�D�PDUNHW�
VWXG\�E\�*OREDO�,QIR�5HVHDUFK��7KH�OHDG-
LQJ�SOD\HUV�DUH�&U\RVWDU��$WODV�&RSFR�DQG�
%DNHU�+XJKHV�*(��ZKLFK�DFFRXQWV�IRU�
�������RI�WRWDO�FRQVXPSWLRQ�YDOXH��,Q�
&KLQD�WKH�PDUNHW�OHDGHUV�DUH�+DQJ\DQJ�
*URXS��6$63*�DQG�+1(&��7KH�ZRUOG-
ZLGH�PDUNHW� IRU� WXUERH[SDQGHUV� LV�
H[SHFWHG�WR�JURZ�DW������RYHU�WKH�QH[W�
¿YH�\HDUV��,W�ZLOO�UHDFK������PLOOLRQ�LQ�
������IURP������PLOOLRQ�LQ������

Epic CEO 
(SLF�,QWHUQDWLRQDO¶V�%RDUG�&KDLUPDQ�-RH�
:LQNOHU��DQQRXQFHG�WKDW�-RKQ�6DUJHQW�KDV�

EHHQ�QDPHG�(SLF¶V�
QHZ�&(2���+H�ZLOO�
OHDG�(SLF¶V�JURZWK�
LQLWLDWLYHV�IRU�ERWK�
WKH� UHFLSURFDWLQJ�
DQG � FHQ W U L I XJD O�
FRPSUHVVRU�DIWHU-
PDUNHW�EXVLQHVVHV��
-RKQ� LV�D�FRP-

SUHVVRU�LQGXVWU\�YHW-
HUDQ�ZLWK�RYHU����
\HDUV�RI�GRPHVWLF�

DQG� LQWHUQDWLRQDO�H[SHULHQFH��0RVW�
UHFHQWO\��KH�VHUYHG�DV�9LFH�3UHVLGHQW�RI�

MHPS digest
0LWVXELVKL�+HDY\�,QGXVWULHV��0+,���0LW-
VXELVKL�+HDY\�,QGXVWULHV�&RPSUHVVRU�
�0&2��DQG�0LWVXELVKL�+LWDFKL�3RZHU�
6\VWHPV��0+36��KDYH�DQQRXQFHG�WKHLU�
FROODERUDWLRQ�ZLWK�([[RQ0RELO�WR�GHYHORS�
DQG�H[SORUH�QHZ�DSSOLFDWLRQV�IRU�WKHLU�ODW-
HVW�+�����*7V�DV�ZHOO�DV�FRPSUHVVRU�WHFK-
QRORJLHV�WR�UHGXFH�OLTXH¿HG�QDWXUDO�JDV�
�/1*��XQLW�FRVWV��

7KH�DLP�LV�WR�UHGXFH�WKH�FRPSOH[LW\�RI�

/1*�SURFHVVLQJ�SODQWV��ORZHU�OLIHF\FOH�
FRVWV��DQG�FXW�SODQW�HPLVVLRQV�WKURXJK�
HQKDQFHPHQWV�WR�0+36¶V�H[LVWLQJ�WZR�
VKDIW�*7�WHFKQRORJ\��7ZR�VKDIW�*7V�IRU�
/1*�PHFKDQLFDO�GULYH�RIIHU�UHGXFHG�IRRW-
SULQW��EURDG�YDULDEOH�VSHHG�RSHUDWLRQ�DQG�
IXOO�SUHVVXUH�VWDUW�XS��([[RQ0RELO�KDV�
TXDOLILHG�0+36¶�+�����*7�IRU�XVH�LQ�
/1*�IDFLOLWLHV��

7KH�������0:�+�����*7�KDV�DFKLHYHG�

IXOO�TXDOLILFDWLRQ�VWDWXV�IRU�PHFKDQLFDO�
GULYH�RSHUDWLRQ�E\�6KHOO¶V�7HFKQLFDO�WHDP�
EDVHG�LQ�7KH�+DJXH��7KLV�LQYROYHG�D�ULJ-
RURXV� WHVWLQJ� UHJLPH� WR�YDOLGDWH� WKH�
PHFKDQLFDO�GULYH�SHUIRUPDQFH�RI�WKHLU�
��VKDIW�+�����HTXLSSHG�ZLWK�D�ORZ�12[�
�VLQJOH�GLJLW�SSP��FRPEXVWLRQ�V\VWHP��

6KHOO�KDV�DOUHDG\�TXDOL¿HG�0LWVXELVKL�
&RPSUHVVRUV�E\�(QWHUSULVH�)UDPH�$JUHH-
PHQW�HIIHFWLYH�LQ�������FOHDULQJ�WKH�ZD\�IRU�
0+36�DQG�0&2�WR�VXSSO\�DOO�FRPSR-
QHQWV�IRU�IXWXUH�6KHOO�/1*�FRPSUHVVLRQ�
V\VWHPV�
0+36�DQG�3HUXYLDQ�SRZHU�GHYHORSHU�

*D]�(QHUJLH�VLJQHG�DQ�DJUHHPHQW�WR�
GHYHORS�D�����0:�QDWXUDO�JDV�SRZHU�
SURMHFW��7KH�+XPD\�36�3URMHFW�ZLOO�EH�LQ�
WKH�,FD�UHJLRQ�RI�3HUX�DQG�ZLOO�OHYHUDJH�DQ�
0+36�-$&�*7�SRZHU�LVODQG��7KH�SODQW�
ZLOO�HQWHU�FRPPHUFLDO�RSHUDWLRQ�LQ�������
0LWVXELVKL�DQG�*(�DUH�IRUPLQJ�D�

MRLQW�YHQWXUH�ZLWK�D�%DQJODGHVK�SULYDWH�
SRZHU�¿UP�WR�LQYHVW����ELOOLRQ�LQ�VHWWLQJ�
XS�D�������0:�WKHUPDO�SRZHU�SODQW�DQG�
RLO�DQG�OLTXH¿HG�QDWXUDO�JDV�WHUPLQDOV��

6XPPLW�*URXS��D�%DQJODGHVKL�¿UP��
ZLOO�KROG�D�����HTXLW\�VWDNH�ZKLOH�0LW-
VXELVKL�ZLOO�WDNH�����DQG�*(������7KH�
SURMHFW�LQYROYHV�IRXU�WKHUPDO�XQLWV�RI�
����0:�HDFK��D���������FXELF�PHWHU�
FDSDFLW\�/1*�WHUPLQDO�DQG�RLO�WHUPLQDOV�
ZLWK���������PHWULF�WRQV�RI�FDSDFLW\�

John Sargent of  

Epic International

INDUSTRYNEWS

(Continued on p. 14)



SPARTAN ENTERS THE ARENA

Solar Turbines’ standardized electric motor drive (EMD) solution, Spartan™, is here. Offering standard 
compressor packages from 5000 to 30,000 HP and with expansion plans from 1500 to 40,000 HP, Solar 
delivers the electric compressor solution you need with the exceptional customer service you’ve come 
to expect from us.

Whether you need a turbine or Spartan driver, Solar Turbines is your complete compression solution 
provider.

©2018 Solar Turbines Incorporated

Visit us at www.solarturbines.com, call +1-619-544-5352  

or email infocorp@solarturbines.com for more information.
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(QHUJ\�IRU�(SLF�DQG�SUHYLRXVO\�VSHQW�WKH�
ODVW�WZR�GHFDGHV�LQ�YDULRXV�VDOHV�DQG�RSHU�
DWLRQV�UROHV�ZLWK�(O�3DVR�&RUS��&DPHURQ�
,QWHUQDWLRQDO��DQG�6SLW]HU�,QGXVWULHV���

6DUJHQW�ZLOO�PDLQWDLQ�KLV�UROH�DV�WKH�
OHDGHU�RI�(SLF¶V�(QHUJ\�'LYLVLRQ�XQWLO�D�
UHSODFHPHQW�FDQ�EH�QDPHG��)RXQGHG�LQ�
������(SLF�,QWHUQDWLRQDO�SURYLGHV�DIWHU�
PDUNHW�VHUYLFHV��LQFOXGLQJ�2(0�TXDOLW\�
SDUWV��UHSDLU�DQG�WHFKQLFDO�VXSSRUW��IRU�WKH�
ZRUOG¶V�À�HHW�RI�UHFLSURFDWLQJ�DQG�FHQWULI�
XJDO�FRPSUHVVRUV��

APG expansion
$OOLHG�3RZHU�*URXS��$3*��KDV�DFTXLUHG�
(WD�7HFKQRORJLHV��DQ�LQGHSHQGHQW�SURYLGHU�
RI�QHZ�DQG�DIWHUPDUNHW�SDUWV�DQG�PDLQWH�
QDQFH�VROXWLRQV�IRU�6LHPHQV�9�6HULHV�
LQGXVWULDO�*7V���5LFKDUG�&XUWLV�DQG�-RKQ�
.HDUQH\��WKH�IRXQGHUV�RI�(WD��ZLOO�MRLQ�
$3*�LQ�OHDGHUVKLS�UROHV��

7KLV�HQKDQFHV�$3*V�FDSDELOLWLHV�LQ�
WXUELQH�FRPSRQHQW�UHSDLU��URWRU�UHSDLU��QHZ�
SDUWV�PDQXIDFWXULQJ�DQG�ILHOG�VHUYLFH��
$3*�KDV�DOVR�DFTXLUHG�IXOO�RZQHUVKLS�RI�
LWV�RQFH�OHDVHG�+RXVWRQ�EDVHG����������IW�, 
¿�W�IRU�SXUSRVH�UHSDLU�DQG�PDQXIDFWXULQJ�
IDFLOLW\��$3*�KDG�EHHQ�OHDVLQJ�WKH�SURS�
HUW\�VLQFH������

ORC system
7XUERGHQ�KDV�VLJQHG�WZR�QHZ�FRQWUDFWV�
ZLWK�JODVV�FRPSDQ\��6DLQW�*REDLQ��7KLV�LV�
IRU�D�����0:H�XQLW�LQ�,QGLD�DQG�����0:H�
LQ�,WDO\��7KH�,QGLDQ�2UJDQLF�5DQNLQH�&\FOH�
�25&��SODQW�UHFRYHUV�KHDW�IURP�JODVV�SUR�
GXFWLRQ�H[KDXVW�JDV��7KH�,WDOLDQ�KHDW�
UHFRYHU\�SODQW�SURGXFHV�HOHFWULF�SRZHU�DQG�
FRPSUHVVHG�DLU��QHHGHG�LQ�WKH�JODVV�SUR�
GXFWLRQ�SODQW��

John Crane acquisition 
-RKQ�&UDQH�KDV�SXUFKDVHG�6HHEDFK�*PE+��
D�*HUPDQ�SURYLGHU�RI�HQJLQHHUHG�¿�OWUDWLRQ�
VROXWLRQV�IRU�XVH�LQ�SRO\PHU��RLO�DQG�JDV��
PLQLQJ�DQG�RWKHU�KLJK�HQG�DSSOLFDWLRQV��
/RFDWHG�LQ�9HOOPDU��*HUPDQ\�DQG�3XQH��
,QGLD��6HHEDFK�ZLOO�FRPSOHPHQW�-RKQ�
&UDQH¶V�H[LVWLQJ�ILOWUDWLRQ�EXVLQHVV��DQG�
SURYLGH�WKH�FDSDELOLW\�WR�H[SDQG�LQWR�WKH�
FKHPLFDO�DQG�SURFHVV�LQGXVWULHV�

Vacuum pumps
$FFRUGLQJ�WR�D�UHVHDUFK�UHSRUW�E\�*OREDO�
0DUNHW�,QVLJKWV��WKH�YDFXXP�SXPS�PDUNHW�
ZLOO�KLW������ELOOLRQ�E\�������&KHPLFDO�PDQ�
XIDFWXULQJ�DQG�SURFHVVLQJ�LQGXVWU\�JURZWK�
LV�D�PDMRU�LQÀ�XHQFLQJ�IDFWRU�IRU�VDOHV��

GE digest 
*(�VLJQHG�DQ�DJUHHPHQW�WR�
VHOO�LWV�'LVWULEXWHG�3RZHU�
EXVLQHVV�WR�$GYHQW�,QWHUQD�
W LRQDO �� D� SULYDWH� HTX LW\�
LQYHVWRU��7KH� WUDQVDFWLRQ�
LQFOXGHV�'LVWULEXWHG�3RZHU¶V�
-HQEDFKHU�DQG�:DXNHVKD�HQJLQHV��DV�ZHOO�
DV�PDQXIDFWXULQJ�VLWHV�LQ�$XVWULD��&DQDGD�
DQG�WKH�8�6��

7KHVH�JDV�HQJLQHV�JHQHUDWH�����N:�WR�
���0:�RI�SRZHU��:LWK�������HPSOR\HHV�
DQG�WKUHH�PDLQ�IDFLOLWLHV��*(�'LVWULEXWHG�
3RZHU�KDV�GHOLYHUHG�PRUH�WKDQ��������
-HQEDFKHU�DQG�:DXNHVKD�UHFLSURFDWLQJ�
JDV�HQJLQHV�DURXQG�WKH�ZRUOG��

*(�3RZHU¶V�6WHDP�3RZHU�KDV�VWDUWHG�
PDQXIDFWXULQJ�WKH�¿�UVW�URWRU�RI�WKH�$UD�
EHOOH�67�IRU�WKH�+LQNOH\�3RLQW�&��+3&��
QXFOHDU�SRZHU�SURMHFW�LQ�WKH�8.�EHLQJ�
GHYHORSHG�E\�(OHFWULFLWH�GH�)UDQFH��(')���
3URGXFWLRQ�ZRUN�LV�EHLQJ�FDUULHG�RXW�

DW�*(¶V�FHQWHU�RI�H[FHOOHQFH�LQ�%HOIRUW��
)UDQFH��7KH�LQLWLDWLRQ�RI�¿�UVW�OLQH�URWRU�
PDQXIDFWXULQJ�DFWLYLWLHV�LV�D�NH\�VWHS�LQ�
WKH�H[HFXWLRQ�RI�WKH�+3&�SURMHFW�DV�LW�
HQDEOHV�WKH�PDQXIDFWXULQJ�SURFHVV�RI�IXU�
WKHU�WXUELQH�FRPSRQHQWV��

7KH�FRQWUDFW��DZDUGHG�LQ�0D\�������
DQG�LV�VDLG�WR�EH�RQ�WUDFN�WR�KDYH�LWV�¿�UVW�
������0:�(35�UHDFWRU�XQLW�FRPSOHWHG�E\�
������*(�ZLOO�EH�UHVSRQVLEOH�IRU�GHOLYHU�
LQJ�WZR�FRQYHQWLRQDO�SRZHU�LVODQGV�IRU�
+3&��LQFOXGLQJ�WKH�$UDEHOOH�67��JHQHUD�
WRU��DQG�RWKHU�FULWLFDO�HTXLSPHQW��

:LWK�DQ�DELOLW\�WR�JHQHUDWH����PRUH�
SRZHU�WKDQ�D�WUDGLWLRQDO�FRQILJXUDWLRQ��
+3&¶V�$UDEHOOH�WXUELQHV�DUH�UHSRUWHGO\�
ORQJHU�WKDQ�DQ�$LUEXV�����DQG�ZLOO�KDYH�
WKH�FDSDFLW\�WR�SURGXFH�������0:�HDFK�

$�FRPELQHG�F\FOH�SRZHU�SODQW��&&33��
LQ�:DDG�DO�6KDPDO�0LQLQJ�&LW\��6DXGL�
$UDELD�KDV�VWDUWHG�RSHUDWLQJ�ZLWK�D�
ORFDOO\�PDGH�*(��)����*7V��*(�LV�VXS�
SO\LQJ�IRXU�*(��)����*7V�DQG�D�*(�VWHDP�
WXUELQH��67���7KH�������0:�SODQW�ZLOO�
LQFOXGH�D�VRODU�FRPSRQHQW�RI����0:�
(OHNWURZQLD�2VWURáĊND�DQG�*(�3RZHU�

KDYH�VLJQHG�D�FRQWUDFW�WR�EXLOG�2VWURáĊND�
&��DQ�XOWUD�VXSHUFULWLFDO��86&�������
HI¿�FLHQW�FRDO�SRZHU�SODQW�LQ�WKH�QRUWK�
HDVW�RI�3RODQG��*(�3RZHU�ZLOO�GHVLJQ�DQG�
EXLOG�WKH�SODQW�DV�ZHOO�DV�PDQXIDFWXUH�
DQG�GHOLYHU�WKH�XOWUD�VXSHUFULWLFDO�ERLOHU�
DQG�67�JHQHUDWRU��*(�3RZHU�ZLOO�DOVR�
VXSSO\�DLU�TXDOLW\�FRQWURO�V\VWHPV�WKDW�
PHHW�ZLWK�WKH�ODWHVW�(8�VWDQGDUGV�IRU�
HPLVVLRQV��7KH�2VWURáĊND�SODQW�ZLOO�EH�
GHVLJQHG�IRU�RSHUDWLRQDO�I OH[LELOLW\��WR�
LPSURYH�VWDUW�WLPH��VWDUW�IXHO��UDPS�XS�
DQG�WXUQ�GRZQ�UDWH��DQG�PLQLPXP�ORDG��
7KLV�SODQW�ZLOO�UHDFK�IXOO�ORDG�LQ�OHVV�
WKDQ����PLQXWHV�

GE Jenbacher J920 engine

INDUSTRYNEWS

new

Reliable, Accurate & Flexible

Universal driver for all cable lengths

Gap voltage monitoring socket

For Turbines, Pumps & Compressors

O

O

O

O

Proximity Probes
For Rotating Machinery

Tel: +44 (0) 1442 876833   sales@sensonics.co.uk 
www.sensonics.co.uk AB16-935

Senturion X Series from Sensonics…

For Shaft Vibration & Axial Position

INSPECT. ANALYZE. SOLVE. ®

Our next HRSG Academy:

December 4-6, 2018
Singapore  

Register online at 

www.hrsgacademy.com

• Gas-side components
• Economizers
• Evaporators
• Superheaters, Reheaters,
• Attemperators
• HRSG Chemistry Control

• HRSG Alarm Response
• Duct Burners and Firing
• Ducts
• HRSG Tube Sampling for
• Long-Term Reliability
• Lifetime Extension Practices



Achieve the desired performance for your�
turbomachinery with EthosEnergy

Our Extensive
Compressor Capabilities:

+ Basic inspection to advanced repairs
+ Low speed to operating speed balancing

+ Failure analysis to reverse engineered parts
+ Minor overhauls to complete plant overhauls

+ Performance assessment to complete unit re-rate
+ Troubleshooting to complete engineered solutions

Over 20
years of experience

 in engineering 
capabilities

enquiries@ethosenergygroup.com

www.ethosenergygroup.com

Find out how we can provide
you custom upgrades, fleet
wide solutions and reduce

operational costs by
improving the efficiency.
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&KLQD�DFFRXQWHG�IRU�FORVH�WR�D�TXDUWHU�
RI�WKH�JOREDO�FKHPLFDO�FRQVXPSWLRQ�DQG�
ZLOO�FRQWLQXH�WR�KROG�VZD\�RYHU�WKH�IRUH-
FDVW�SHULRG�ZLWK�WKH�SUHVHQFH�RI�VHYHUDO�
VPDOO��DQG�PHGLXP�VFDOH�HQWHUSULVHV�FDWHU-
LQJ�WR�ORFDO�GHPDQG��,QGXVWULDOO\�HPHUJLQJ�
QDWLRQV��VXFK�DV�,QGLD��,QGRQHVLD�DQG�7KDL-
ODQG��DOVR�RIIHU�SURPLVLQJ�PDUNHWV��

7KH�UHERXQG�RI�WKH�SHWURFKHPLFDO�VHF-
WRU�ZLOO�DOVR�ERRVW�WKH�YDFXXP�SXPS�PDU-
NHW�LQ�WKH�FRPLQJ�IHZ�\HDUV��$SSOLFDWLRQV�
IRU�YDFXXP�SXPSV�LQFOXGH�RLO�	�JDV�UHFRY-

HU\��¿HOG�JDV�ERRVWLQJ�DQG�YDFXXP�UHDFWRUV��
:LWK�WKH�LQFUHDVH�LQ�WKH�FUXGH�RLO�SULFHV��

WKH�8�6��RLO�	�JDV�FRPSDQLHV�DUH�UHVSRQGLQJ�
E\�LQFUHDVLQJ�WKH�H[SHQGLWXUH�LQ�GULOOLQJ�
DFWLYLWLHV��7KH�TXLFN�UHFRYHU\�RI�WKH�FRXQ-
WU\¶V�VKDOH�RLO�SURGXFHUV�DIWHU������ZLOO�IXU-
WKHU�SURSHO�WKH�YDFXXP�SXPS�GHPDQG�RYHU�
WKH�IRUHFDVW�SHULRG�

7KH�YDFXXP�SXPS�PDUNHW�KDV�EHHQ�VHJ-
PHQWHG��EDVHG�RQ�OXEULFDWLRQ��LQWR�GU\�DQG�
ZHW�W\SHV��:HW�YDFXXP�SXPSV�LQFOXGH�
ZDWHU��DV�ZHOO�DV�RLO�OXEULFDWHG�PDFKLQHV��

FDSDEOH�RI�SURYLGLQJ�KLJKHU�SXPSLQJ�
VSHHGV�WKDQ�WKH�GU\�W\SHV��7KLV�VHJPHQW�
ZLOO�ZLWQHVV�DQQXDO�JURZWK�RI�DURXQG����
IURP������WR�������
%DVHG�RQ�YDFXXP�SXPS�WHFKQRORJ\��

WKH�PDUNHW�LV�FODVVL¿HG�LQWR�JDV�FDSWXUH�
DQG�ELQGLQJ��DQG�JDV�WUDQVIHU�W\SHV��
*DV�WUDQVIHU�SURGXFWV�DUH�IXUWKHU�FODVVL-
¿HG�LQWR�NLQHWLF�DQG�SRVLWLYH�GLVSODFH-
PHQW�W\SHV��

7KH�NLQHWLF�SXPSV�VHJPHQW�ZLOO�ZLW-
QHVV�KHDOWK\�JURZWK��FURVVLQJ����ELOOLRQ�
LQ�������*DV�FDSWXUH�DQG�ELQGLQJ�SURG-
XFWV�ZLOO�JHQHUDWH�PRUH�WKDQ����ELOOLRQ�
DQQXDOO\�E\�WKH�FRQFOXVLRQ�RI�WKH�IRUH-
FDVW�VSDQ��

Turboexpander performance 
/�$��7XUELQH¶V�/����� WXUERH[SDQG-
HU�FRPSUHVVRU��LQ�D�823�5XVVHOO�FU\R-
JHQLF�QDWXUDO�JDV�SURFHVVLQJ�SODQW�LQ�
(GG\�&RXQW\� �1HZ�0H[ LFR � � KDV�
H[FHHGHG�LWV�GHVLJQHG����006&)'�
ÀRZUDWH�E\������

7KH�VNLG�PRXQWHG�/$7����(&�WXU-
ERH[SDQGHU�LQFOXGHV�D�VHDO�JDV�V\VWHP�
DQG�ORFDO�SURJUDPPDEOH�ORJLF�FRQWUROOHU�
�3/&��XQLW��,W�LV�GHVLJQHG�IRU�RSHUDWLRQDO�
ÀH[LELOLW\�ZLWK�D�ZLGH�RSHUDWLQJ�UDQJH��
QR�VSHHG� OLPLWDWLRQV��DQG�XVHUV�FDQ�
UHGXFH�RU�VOLJKWO\�LQFUHDVH�WKH�FDSDFLW\�
WR�VXLW�YDU\LQJ�RSHUDWLQJ�FRQGLWLRQV��7KH�
GHVLJQ�RI�WKH�H[SDQGHU�ZKHHO�DQG�JXLGH�
YDQHV�FRQWULEXWH�WR�WKH�XQLW¶V�DELOLW\�WR�
H[FHHG�ÀRZUDWH�FDSDFLW\��

Air filter classification
$V�RI�-XO\����������,62�������KDV�EHHQ�
WKH�VROH�LQWHUQDWLRQDO�WHVWLQJ�VWDQGDUG�IRU�
FODVVLI\LQJ�DLU�¿OWHUV��UHSODFLQJ�(1������

7KLV�EULQJV�D�UDGLFDO�FKDQJH�LQ�WKH�
HYDOXDWLRQ�RI�DLU�¿OWHUV��VXFK�DV�JUHDWHU�
WUDQVSDUHQF\�DQG�SUDFWLFDO�UHOHYDQFH��
7KH�VHSDUDWLRQ�HI¿FLHQFLHV�RI�¿OWHUV�DUH�
QRZ�GLIIHUHQWLDWHG�DFURVV�D�EURDG�SDUWL-
FOH�VSHFWUXP�XVLQJ�IRXU�GXVW�FODVVHV��
ZKLOH�WKH�HYDOXDWLRQ�SDUDPHWHUV�FRUUH-
VSRQG�WR�WKRVH�RI�WKH�:RUOG�+HDOWK�2UJD-
QL]DWLRQ� �:+2��DQG�HQYLURQPHQWDO�
DXWKRULWLHV��
(1�����ZDV�OLPLWHG�WR�D�VLQJOH�SDU-

WLFOH�VL]H�DQG�QHJOHFWHG�D�ODUJH�SURSRU-
WLRQ�RI�¿QH�GXVW�SDUWLFOHV��7KH�ODERUDWRU\�
YDOXHV�GLG�QRW�FRUUHVSRQG�WR�DFWXDO�¿OWHU�
EHKDYLRU��)LOWHU�WHVWLQJ�QRZ�WDNHV�WKH�
DFWXDO�SDUWLFOH�VL]HV�SUHVHQW�LQ�WKH�DLU�
DQG�VSHFL¿HV�VHSDUDWLRQ�UDWHV�WR�DQ�DFFX-
UDF\�RI�����

³7KLV�HQDEOHV�XVHUV�WR�VHOHFW�WKH�EHVW�
SRVVLEOH� ILOWHUV� IRU� WKHLU� LQGLYLGXDO�
UHTXLUHPHQWV�́ �VDLG�'U��7KRPDV�&DHVDU��
'LUHFWRU�RI�)LOWHU�(QJLQHHULQJ�,QGXVWULDO�
)LOWUDWLRQ�DW�)UHXGHQEHUJ�)LOWUDWLRQ�7HFK-
QRORJLHV��ZKR�ZDV�LQYROYHG�LQ�WKH�GHYHO-
RSPHQW�RI�,62��������

Continued on page 16
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Texas A&M Turbomachinery 
Laboratory projects
7KH�7XUER�/DE¶V�5HVHDUFK�&RQVRUWLXP�KDV�
DQQRXQFHG�QHZO\�DSSURYHG�SURMHFWV�IRU�
WKH�\HDU��

��0HDVXUHPHQWV�WR�4XDQWLI\�WKH�(IIHFW�
RI�D�5HGXFHG�)ORZ�5DWH�RQ�7LOWLQJ�3DG�
-RXUQDO�%HDULQJ�3HUIRUPDQFH�²�6WDWLF�DQG�
'\QDPLF��E\�'U��/XLV�6DQ�$QGUpV�DQG�-RQ�
7RQHU�

�� $�&RPSXWDWLRQDO�0RGHO�IRU�,QWHJUDO�
6TXHH]H�)LOP�'DPSHUV�DQG�([SHULPHQWDO�
9HUL¿FDWLRQ��E\�'U��/XLV�6DQ�$QGUpV�DQG�
%RQMLQ�.RR�

�� $Q�([SHULPHQWDO�DQG�&RPSXWDWLRQDO�
,QYHVWLJDWLRQ�RI�WKH�5RWRUG\QDPLF�&RHI¿-
FLHQWV�RI�D�/DE\ULQWK�6HDO��E\�3DXO�&L]PDV�
DQG�$GROIR�'HOJDGR�

New MAN Identity
0$1�(QHUJ\�6ROXWLRQV�LV�WKH�QHZ�EUDQG�
IRU�0$1�'LHVHO�DQG�7XUER��7KLV�UHSUHVHQWV�
WKH�FRPSDQ\¶V�H[SDQVLRQ�LQWR�VXVWDLQDEOH�
WHFKQRORJLHV�DQG�VROXWLRQV��0$1¶V�SURGXFW�
UDQJH�LV�EHLQJ�H[SDQGHG�WR�LQFOXGH�K\EULG��
VWRUDJH�DQG�GLJLWDO�VHUYLFH�WHFKQRORJLHV��

7KH�FRPSDQ\�VHHV�JUHDW�SRWHQWLDO�LQ�
SRZHU�WR�JDV�WHFKQRORJ\��ZKLFK�DOORZV�
HQHUJ\�JHQHUDWHG�IURP�UHQHZDEOH�VRXUFHV�
WR�EH�FRQYHUWHG�LQWR�V\QWKHWLF�IXHOV��VXFK�
DV�QDWXUDO�JDV��0$1�DOVR�VHHV�HOHFWULFDO�
HQHUJ\�LQ�WKH�IXWXUH�JHQHUDWHG�HLWKHU�IURP�
UHQHZDEOH�VRXUFHV�RU�E\�GHFHQWUDOL]HG��
ÀH[LEOH�SRZHU�SODQWV�WKDW�ZLOO�LQFUHDVLQJO\�
EH�SRZHUHG�E\�FDUERQ�QHXWUDO�IXHOV��,Q�
UHODWLRQ�WR�WKLV��DQG�WRJHWKHU�ZLWK�$%%��
0$1�UHFHQWO\�LQWURGXFHG�(7(6��(OHFWUR-
WKHUPDO�(QHUJ\�6WRUDJH���D�VWRUDJH�VROXWLRQ�
WKDW�FDQ�VXSSO\�QHLJKERUKRRGV�ZLWK�HOHF-
WULFLW\��KHDWLQJ�DQG�FRROLQJ�

Kuwaiti microturbines
&DSVWRQH�7XUELQH�&RUS��KDV�VHFXUHG�D�����
0:�RUGHU�IRU�D�JDV�SURFHVVLQJ�IDFLOLW\�LQ�
.XZDLW��7KH�RUGHU�LQFOXGHV�D�&����6LJQD-
WXUH�6HULHV�PLFURWXUELQH��D�&����6LJQDWXUH�
6HULHV�PLFURWXUELQH�DQG�WZR�UHPDQXIDF-
WXUHG�&����5�PLFURWXUELQHV��ZKLFK�ZLOO�
SURYLGH�SULPH�SRZHU�IRU�WKH�IDFLOLW\��

6SHFWR�,QWHUQDWLRQDO��&DSVWRQH¶V�GLV-
WULEXWRU�LQ�.XZDLW��VHFXUHG�WKH�SURMHFW��
ZKLFK�LV�H[SHFWHG�WR�EH�FRPPLVVLRQHG�LQ�

ODWH�������7KH�&����5�SDFNDJHV�ZLOO�
UHFHLYH�D�IDFWRU\�LQVSHFWLRQ��EH�XSJUDGHG�
WR�LQFOXGH�WKH�ODWHVW�6LJQDWXUH�6HULHV�SURG-
XFW�XSGDWHV�DQG�ZLOO�UHFHLYH�D�IXOO�IDFWRU\�
SHUIRUPDQFH�DQG�DFFHSWDQFH�WHVW�SULRU�WR�
WKHLU�VKLSPHQW�DQG�LQVWDOODWLRQ�LQ�.XZDLW��

Ansaldo in China 
,Q�%HLMLQJ��&KLQD��$QVDOGR�(QHUJLD�KDV�
VLJQHG�D�0HPRUDQGXP�RI�8QGHUVWDQGLQJ�
ZLWK�6KDQJKDL�(OHFWULF�*URXS��6(&��DQG�
63,&��6WDWH�3RZHU�,QYHVWPHQW�&RUSRUD-
WLRQ� /LPLWHG�� WR�GHYHORS�D�QHZ� *7��
$QVDOGR�ZLOO�VXSSRUW�63,&�LQ�LWV�LQGHSHQ-
GHQW�UHVHDUFK�DQG�GHYHORSPHQW�ZRUN�RQ�
KHDY\�GXW\�*7V�DQG�SURYLGH�VSHFLDOL]HG�
WUDLQLQJ�DQG�WHFKQLFDO�DGYLFH�WR�63,&�
HQJLQHHUV��7KLV�LV�SDUW�RI�$QVDOGR�(QHUJLD�
VWUDWHJ\�WR�UHLQIRUFH�LWV�DOOLDQFH�ZLWK�NH\�
SOD\HUV�LQ�WKH�&KLQHVH�SRZHU�JHQHUDWLRQ�
VHFWRU��6(&�DOUHDG\�KROGV�DQ�HTXLW\�VWDNH�
RI�����LQ�$QVDOGR��

Energy storage leader 
1LGHF�,QGXVWULDO�6ROXWLRQV�LV�WKH�ZRUOG¶V�
OHDGLQJ�VXSSOLHU�LQ�WKH�HQHUJ\�VWRUDJH�PDU-
NHW�IRU�WKH�¿IWK�FRQVHFXWLYH�\HDU��DFFRUGLQJ�
WR�WKH�%ORRPEHUJ�³1HZ�(QHUJ\�)LQDQFH´�
UHSRUW��1LGHF�UDQNHG�ILUVW�LQ�WKH�EDWWHU\�
HQHUJ\�VWRUDJH�V\VWHP�PDUNHW��ZLWK�DQ�
DJJUHJDWH�LQVWDOOHG�LQ�XWLOLW\�VFDOH�V\VWHPV�
RI�����0:�DV�DQ�(3&�FRQWUDFWRU��
,Q�RQH�\HDU��WKH�FRPSDQ\�LQVWDOOHG�����

0:��ZKLFK�LQFOXGHV�RQH�V\VWHP�ZLWK�D�
FDSDFLW\�RI����0:�IRU�WKH�*HUPDQ�FRP-
SDQ\�67($*��1LGHF�UHFHQWO\�GHYHORSHG�D�
QHZ�8OWUD�)DVW�&KDUJHU��8)&��IRU�UHFKDUJ-
LQJ�HOHFWULF�YHKLFOHV�LQ�OHVV�WKDQ����PLQXWHV�
DQG�JXDUDQWHHLQJ�D�UDQJH�RI�����NP���

Gas plant
%&&.�+ROGLQJ�&RPSDQ\��%&&.��KDV�
HQWHUHG�LQWR�DQ�HQJLQHHULQJ��SURFXUHPHQW�
DQG�FRQVWUXFWLRQ��(3&��FRQWUDFW�ZLWK�'LV-
FRYHU\�'-�6HUYLFHV��'LVFRYHU\��IRU�GHOLY-
HU\�RI�D�����006&)'�JDV�SODQW�LQ�:HOG�
&RXQW\��&RORUDGR��7KH�QHZ�SODQW�ZLOO�WDNH�
'LVFRYHU\¶V�SURFHVVLQJ�FDSDFLW\�WR�DERXW�
����00&)'�LQ�WKH�ILUVW�KDOI�RI�������
%&&.�ZLOO�SURYLGH�HWKDQH�UHFRYHU\�DQG�
HWKDQH�UHMHFWLRQ�DQG�ZLOO�SHUIRUP�DOO�HQJL-
QHHULQJ��IDEULFDWLRQ�DQG�FRQVWUXFWLRQ�VHU-
YLFHV�IRU�WKH�SURMHFW��■

Ansaldo Energia is helping Chinese 

partners develop a new GT

Siemens digest 
6LHPHQV�DQG�6WDWH�3RZHU�,QYHVWPHQW�&RU-
SRUDWLRQ��63,&��RI�&KLQD�HQWHUHG�LQWR�D�
0HPRUDQGXP�RI�8QGHUVWDQGLQJ�IRU�WHFK-
QRORJ\�FROODERUDWLRQ�LQ�KHDY\�GXW\�*7V��
-RH�.DHVHU��3UHVLGHQW�DQG�&(2�RI�6LHPHQV�
$*��DQG�4LDQ�=KLPLQ��&KDLUPDQ�RI�63,&��
VLJQHG�WKH�0R8�LQ�%HUOLQ�LQ�WKH�SUHVHQFH�
RI�*HUPDQ�)HGHUDO�&KDQFHOORU�$QJHOD�
0HUNHO�DQG�&KLQHVH�3UHPLHU�/L�.HTLDQJ�
GXULQJ�KLV�RI¿FLDO�YLVLW�WR�*HUPDQ\��

6LHPHQV�ZLOO�VXSSRUW�63,&�LQ�FRQGXFW-
LQJ�UHVHDUFK�DQG�GHYHORSPHQW�DQG�SURYLGH�
WUDLQLQJ�DQG�WHFKQLFDO�FRQVXOWDWLRQ��7KLV�LV�
LQ�VXSSRUW�RI�&KLQD¶V�JRDO�WR�LQGHSHQGHQWO\�
GHYHORS�DQG�EXLOG�D�KHDY\�GXW\�*7��

6HQVH\H��D�SURYLGHU�RI�SUHGLFWLYH�
PDLQWHQDQFH�DQDO\WLFV��KDV�D�SDUWQHUVKLS�
ZLWK�6LHPHQV�WR�PDNH�6HQVH\H¶V�FRQGL-
WLRQ�PRQLWRULQJ�DQG�SURJQRVWLF�VRIWZDUH�
DYDLODEOH�WR�PDQXIDFWXUHUV�WKURXJK�WKH�
6LHPHQV�0LQG6SKHUH�,QGXVWULDO�,QWHUQHW�
RI�7KLQJV��,,R7��RSHUDWLQJ�V\VWHP��
0LQG6SKHUH�LV�DQ�RSHQ�FORXG�HQYLURQ-

PHQW�IRU�FROOHFWLQJ�DQG�SURFHVVLQJ�GDWD�
SURGXFHG�E\�LQGXVWULDO�PDFKLQHU\��6HQV-
H\H�UHFHLYHV�DQG�DQDO\]HV�GDWD�IURP�
PDFKLQHV�FRQQHFWHG� WR�0LQG6SKHUH��
HQDEOLQJ�PDQXIDFWXUHUV�WR�XQGHUVWDQG�WKH�
KHDOWK�RI�WKHLU�LQGXVWULDO�DVVHWV�DQG�VFKHG-
XOH�PDLQWHQDQFH�DFWLYLWLHV�PRUH�DFFXUDWHO\��
ZLWKRXW�DQ\�DGGLWLRQDO�VHQVRU�RU�DSSOLFD-
WLRQ�LQYHVWPHQW��VSHFLDOLVW�VWDII�RU�WUDLQLQJ��

6LHPHQV�KDV�UHFHLYHG�DQ�RUGHU�IRU�
WKUHH�6*7������)�*7V�IURP�8QLWHG�
$UDE�(PLUDWHV��8$(���7KH�WXUELQHV�ZLOO�
EH�XVHG�LQ�8QLW�+�3KDVH���RI�WKH�$O�$ZHHU�

SRZHU�SODQW�FRPSOH[�QHDU�'XEDL��
'(:$�KDV�DZDUGHG�WKH�(3&�FRQWUDFW�

WR�6LHPHQV��:LWK�D�FDSDFLW\�RI�DERXW�����
0:��WKH�WXUELQHV�ZLOO�LQFUHDVH�WKH�WRWDO�
RXWSXW�RI�WKH�SRZHU�SODQW�FRPSOH[�WR�
PRUH�WKDQ�����*:��

7KH�FRPPHUFLDO�FRPPLVVLRQLQJ�RI�
WKH�WKUHH�*7�WUDLQV�LV�VFKHGXOHG�IRU�VSULQJ�
������6LHPHQV¶�VFRSH�RI�VXSSO\�HQFRP-
SDVVHV�WKUHH�6*7������)�*7V��WKUHH�
6*HQ������$�JHQHUDWRUV�DQG�WKH�FRQWURO�
V\VWHP�633$�7������DV�ZHOO�DV�DVVHPEO\�
DQG�FRPPLVVLRQLQJ�RQ�VLWH��$V�D�SHDN�
ORDG�SRZHU�SODQW��LW�ZLOO�RSHUDWH�SULPDULO\�
LQ�WKH�VXPPHU�PRQWKV��

6LHPHQV�DQG�67($*�*X'�+HUQH�
VLJQHG�DQ�DJUHHPHQW�RQ�WKH�WXUQNH\�FRQ-
VWUXFWLRQ�RI�D�&&33�ZLWK�GLVWULFW�KHDW�
H[WUDFWLRQ��7KH\�DOVR�HQWHUHG�LQWR�D�ORQJ�
WHUP�VHUYLFH�DJUHHPHQW��7KH�+HUQH���
SODQW�ZLOO�KDYH�DQ�HOHFWULFDO�FDSDFLW\�RI�
PRUH�WKDQ�����0:��6WHDP�ZLOO�DOVR�EH�
H[WUDFWHG��DQG�WKH�WKHUPDO�HQHUJ\�ZLOO�EH�
XVHG�IRU�WKH�GLVWULFW�KHDWLQJ�JULG�RI�*HU-
PDQ\¶V�5KLQH�5XKU�PHWURSROLWDQ�UHJLRQ��
7KH�IXHO�HI¿FLHQF\�RI�WKH�QDWXUDO�JDV�XVHG�
WKXV�FOLPEV�WR�PRUH�WKDQ������
,Q�LWV�UROH�DV�JHQHUDO�FRQWUDFWRU��6LH-

PHQV�ZLOO�EXLOG�WKH�SODQW�RQ�WKH�VLWH�RI�DQ�
H[LVWLQJ�SRZHU�SODQW�RZQHG�E\�67($*��
.H\�FRPSRQHQWV�ZLOO�EH�PDQXIDFWXUHG�LQ�
*HUPDQ\��WKH�67�DQG�JHQHUDWRU�LQ�0�O-
KHLP�DQG�WKH�+�FODVV�*7�DW�WKH�*7�IDFWRU\�
LQ�%HUOLQ��6WDUWLQJ�LQ�WKH�VSULQJ�RI�������WKH�
QHZ�JDV�ILUHG�&+3�SODQW�LV�H[SHFWHG�WR�
JHQHUDWH�HOHFWULFLW\�DQG�VXSSO\�WKH�5KLQH�
5XKU�UHJLRQ�ZLWK�GLVWULFW�KHDW�
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F
or many years, natural gas has been 
looked upon as the benign fossil fuel, 
offering far lower emissions than oil 
or coal. Its place had been established 

in a clean, or at least, cleaner energy future. 
That began to change about a decade 

ago when natural gas was thought of as a 
“bridging technology” between polluting 
fuels sources and renewable energy. Once 
that bridge was crossed, natural gas-fueled 
technologies would be phased out, much 
like coal plants. 

Today, national and international 
energy regulators are mandating that util-
ities purchase and install renewable power 
resources. This policy shift to carbon neu-
trality — achieving net zero carbon emis-
sions — has moved natural gas from the 
“benign” to the “menace” category, in the 
eyes of some. Others, however, understand 
the necessities of the grid and see a role in 
it for the gas turbine (GT). 

Companies, such as Siemens, GE, Mit-
subishi Hitachi Power Systems (MHPS) 
and Ansaldo Thomassen, are actively 
working on fuel gas mixtures of natural 
gas and hydrogen that can lower and ulti-
mately eliminate carbon emissions from 
turbomachinery. They are also developing 
machines that, one day, may even function 
on 100% hydrogen. 

The promise of hydrogen 
Hydrogen fuel offers many advantages in 
energy production. It is a carbon-free fuel 
that can decarbonize power and heat gener-
ation, and transportation, to help meet long-
term CO2 emission-reduction targets. Burn-
ing hydrogen produces no CO2 emissions. 

NOx emissions are a different matter. 
The more hydrogen is added to a natural 
gas and hydrogen combustion mixture, the 
higher NOx rises. Adding diluent gases, 
such as nitrogen and steam, however, has 

been shown to bring NOx down to sin-
gle-digit levels. 

Several sources of hydrogen are being 
studied. It can be generated from natural 
gas by steam reforming. Biomass can also 
EH�VXEMHFWHG�WR�VWHDP�UHIRUPLQJ�RU�JDVL¿-
cation to produce hydrogen. And hydrogen 
can be generated via electrolysis from 
excess renewable energy. 

“One route towards a hydrogen econ-
omy is to combine renewable power gener-
ation with electrolysis and long-term or 
short-term storage,” said Michael Welch, 
Industry Marketing Manager, Power and 
Gas Division, Siemens. “The idea is to use 
‘surplus’ renewable electricity to create 
hydrogen that can be used to generate 
zero-carbon electricity at times when renew-
able power generation volumes are low.” 

Most hydrogen today is generated from 
natural gas, using steam methane reform-
ing. Generating enough hydrogen for 

FUEL SWITCHING 
GAS TURBINES RUNNING ON HYDROGEN OR A NATURAL GAS  

AND HYDROGEN MIXTURE COULD AID IN EMISSIONS REDUCTION
BY DREW ROBB

View into a Siemens SGT-800 gas turbine
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large-scale power generation via electroly-
VLV�RU�JDVL¿�FDWLRQ�ZLOO�UHTXLUH�WUHPHQGRXV�
volumes of feedstock (i.e., water or bio-
mass), said Dr. Jeffrey Goldmeer, Director, 
Gas Turbine Combustion & Fuels Solu-
tions for Gas Power Systems at GE Power.

“Although is it technically feasible to 
generate hydrogen via reforming natural 
JDV��HOHFWURO\VLV�RI�ZDWHU��RU�JDVL¿�FDWLRQ��
WKH\�DOO�UHTXLUH�VLJQL¿�FDQW�LPSURYHPHQWV�
in technology to raise overall efficiency 
and reduce cost,” said Goldmeer. “Or they 
UHTXLUH�D�FKDQJH�LQ�UHJXODWLRQV�WR�EH�HFR�
nomically viable.” 

If hydrogen production can be solved 
viably, it could potentially be transported 
over existing pipeline networks, ships or 
WUXFNV��,W�FRXOG�DOVR�EH�VWRUHG�LQ�OLTXLG�
form in tanks in a mixture with ammonia 
and other organic substances. Some envi-
sion pressurized hydrogen being stored in 
salt caverns. 

Hydrogen has one-third the heating 
value (on a volumetric basis) relative to 
PHWKDQH��WKXV�UHTXLULQJ�URXJKO\�WKUHH�
times more fuel flow to the gas turbine. 
Hydrogen is a smaller molecule than meth-
ane, so mechanical seals configured for 
methane may not seal against hydrogen 
creating potential fuel leakage. In addition, 
WKH�À�DPH�VSHHG�RI�K\GURJHQ�LV�a��[�WKDW�RI�
other hydrocarbons. 

Overcoming the hurdles 
OEM research on the use of hydrogen fuel 
in gas turbines has been an ongoing effort, 
as illustrated below. But it is not without its 
technical hurdles, such as avoiding auto 
LJQLWLRQ�LQ�WKH�IXHO�SUHPL[�]RQH�DQG�À�DVK�
EDFN��LQ�ZKLFK�WKH�À�DPH�PRYHV�IURP�LWV�
desired position in the combustion can 
back towards the fuel injectors. 

MHPS  
0+36�KDV�DOPRVW�¿�YH�GHFDGHV�RI�H[SHUL�
ence in the deployment of hydrogen in var-
ious forms in gas turbines. Some 31 units 

KDYH�EHHQ�UXQQLQJ�RQ�V\QJDV��UH¿�QHU\�JDV��
coke oven gas (COG), and blast furnace 
gas (BFG). Many of them use a diffu-
sion-type combustor which typically 
UHTXLUHV�ZDWHU�RU�VWHDP�LQMHFWLRQ����

&XUUHQWO\��0+36�LV�UH¿�QLQJ�LWV�H[LVWLQJ�
QDWXUDO�JDV�¿�UHG�FRPEXVWRUV�WR�FRSH�ZLWK�
a larger volume of hydrogen. Its Dry Low 
NOx (DLN) combustor has traditionally 
mixed the fuel with sufficient air in 
advance of the combustor, so burning can 
take place in a lean atmosphere to maintain 
D�UHODWLYHO\�FRRO�À�DPH�DQG�NHHS�12[�GRZQ��

That approach does not work so well 
when more hydrogen enters the picture due 
to auto ignition occurring in the premix 
zone. As a result, the combustor is being 
modified at the MHPS Takasago Works 
facility in Japan to achieve a mix of hydro-
gen and natural gas that could be used in 
large-frame GTs. 

The company already has diffu-
sion-type combustor technology where 
fuel and air are supplied separately.  
Hydrogen, though, burns with a hotter 
À�DPH��OHDGLQJ�WR�KLJKHU�FRPEXVWLRQ�WHP�
peratures and the formation of local hot 
spots. These, in turn, can cause NOx to 

LQFUHDVH��7KH�VROXWLRQ�LV�WR�FRRO�WKH�À�DPH�
by use of diluents, such as demineralized 
water, steam or nitrogen. As well as reduc-
LQJ�12[��WKLV�DOVR�UHGXFHV�HI¿�FLHQF\�FRP�
pared to a DLN combustor. 

7KRVH�¿�QGLQJV�ZHUH�WKH�GULYHU�IRU�WKH�
development of the multi-cluster diffusion 
EXUQHU�WR�SURWHFW�DJDLQVW�À�DVKEDFN��(DFK�
nozzle can mix air and hydrogen. This 
PHDQV�D�VPDOOHU�GLIIXVLRQ�À�DPH��IDVWHU�DQG�
better mixing, a lower overall combustion 
temperature, and lower NOx. 

Work on this project is in the early 
stages. The new combustor has been tested 
RQ�D�VPDOO�JDV�WXUELQH�XVLQJ�/LTXHILHG�
Petroleum Gas (LPG). It calls for replace-
ment of the fuel nozzle, combustor basket, 
WUDQVLWLRQ�SLHFH��LJQLWRUV�DQG�À�DPH�GHWHF�
tors. Fuel lines must also be augmented to 
FRSH�ZLWK�D�ODUJHU�IXHO�À�RZ��

0+36�ZDQWV�WR�UHWUR¿�W�WKLV�WHFKQRORJ\�
into existing GTs. However, the attainment 
of a combustor running in a gas turbine on 
100% hydrogen is not targeted for com-
mercial operation until 2030. In the mean-
time, the company has successfully com-
pleted a firing test with 30% hydrogen 
using DLN technology at 1,600°C. This 
resulted in CO2 emissions 10% lower than 
those running only on natural gas.

Siemens 
Siemens’ interest in fuel switching stems 
from a desire to make use of “opportunity 
fuels” to reduce operational costs. Oppor-
tunity fuels, some with high hydrogen con-
tent, are typically process off-gases, such as 
refinery gas or coke over gas that would 
otherwise have been f lared or used in 
ORZ�HI¿�FLHQF\�HQHUJ\�SURGXFWLRQ�SURFHVVHV��

Siemens is addressing several chal-
lenges facing hydrogen-enabled turboma-
chinery: getting the fuel into the combus-
tors safely, burning it stably and reliably, 
and controlling the combustion emissions. 

³:LWK�D�KLJKHU�À�DPH�WHPSHUDWXUH�WKDQ�
natural gas, NOx emissions will be higher 
with hydrogen as the fuel source if no addi-
tional measures are taken,” said Welch. 
“But as hydrogen is not a new fuel, the 
safety record of gas turbines on high-hy-
drogen fuels is excellent.”  

Siemens research on high-hydrogen 
IXHOV�LV�PRYLQJ�DZD\�IURP�GLIIXVLRQ�À�DPH�
combustion systems to DLN combustion. 
,W�VHHNV�WR�PLWLJDWH�À�DVKEDFN�ULVN�DQG�FRP�
bustion instabilities. According to Welch, 
reducing NOx while maintaining combus-
tion stability without needing “wet” NOx 
reduction methods or SCRs is a big chal-
lenge going forward.

At low levels of hydrogen (up to 20% 
by volume), no changes to the fuel system 
RU�FRPEXVWRUV�DUH�UHTXLUHG��DFFRUGLQJ�WR�
Siemens. At higher levels, material selec-
tion and sizing of the fuel system needs to 

When switching fuels, 

it is important

to consider their 

physical and 

combustion 

characteristics and the 

impact to GT systems 

and operability.

Blending spools for fuel mixing
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be considered, and care must be taken in 
the combustion system design and opera-
WLRQ�WR�DYRLG�À�DVKEDFN��6LHPHQV�LV�LQFRU�
porating 3D printed components into fuel 
injector design to ensure safe operation 
with hydrogen.

“The mixing of natural gas and hydro-
gen should be undertaken before the fuel 
mixture reaches the turbine itself,” said 
Welch. “If this is done, then the fuel system 
and combustion system can be optimized 
for the potential range of hydrogen concen-
trations expected.” 

Siemens has hydrogen capability at 
various levels across its GT portfolio from 
4 MW to 567 MW. It also has decades of 
experience of operation on high-hydrogen 
fuels. Most recently, progress has been 
made on enhancing the hydrogen capabil-
ities of its DLE combustion systems. Its 
SGT-600, -700 and -800 GTs (24 MW to 
57 MW) offer up to 60% hydrogen in nat-
ural gas on a volume basis with NOx emis-
sion levels as low as 25 ppm. 

Due to the combustion characteristics 
of hydrogen, there are limits on the allow-
able concentrations in current premixed 
combustion systems, said Welch. The lim-
its on hydrogen concentration are set to 
ensure stable and safe operation with 
regard gas turbine operability, i.e., unde-
VLUHG�À�DPH�SURSDJDWLRQ�DQG�FRPEXVWLRQ�
dynamics outside of a preferred range. 
Today, operation on 100% hydrogen 
UHTXLUHV�WKH�XVH�RI�D�GLIIXVLRQ�À�DPH�FRP�
bustor, which avoids mixing of fuel and air 
upstream of the reaction zone.

“We are currently working on a capa-
bility-expansion project to enable the burn-
ers to be able to operate on up to 100% 
hydrogen as a fuel,” said Welch. 

GE         
GE’s experience with hydrogen-containing 
fuels, includes its aeroderivatives, E- and 
F-class GTs operating in steel mill plants, 
integrated gasification combined cycle 
�,*&&��SRZHU�SODQWV��UH¿�QHULHV��DQG�SHW�
rochemical plants with waste or process 
gases containing hydrogen.  

As part of the U.S. Department of 
Energy High Hydrogen Turbine Program, 
GE has developed a premixed combustor 
capable of operating on high-hydrogen 
fuels. This combustor, called the DLN 2.6e, 
is now shipping on 9HA gas turbines. Based 
on preliminary lab testing, this combustor is 
capable of operating on a natural gas blend 
with about 50% hydrogen (by volume).

GE offers upgrade packages, so its gas 
turbines can run on fuels beyond their ini-
WLDO�FRQ¿�JXUDWLRQ��³7KLV�PD\�DLG�LQ�SURYLG�
LQJ�¿�QDQFLDO�VHFXULW\�IRU�WKH�SODQW�RZQHU�
or operator; and may also aid in providing 
energy security for the electrical utilities, 
VLQFH�JDV�WXUELQHV�FDQ�EH�UH�FRQ¿�JXUHG�WR�

FRQVXPH�RWKHU�IXHOV�DV�VLWXDWLRQV�UHTXLUH�́ �
said Goldmeer. “The ability to switch fuels 
may prevent the operator from being 
locked into a fuel prone to major price 
increases or unavailability.”

When switching fuels, it is important 
to consider their physical and combustion 
characteristics and the impact to GT sys-
tems and operability. “Combined, these 
differences create an increased potential 
for fuel nozzle distress,” said Goldmeer. 
“Once the differences in the fuels are 
GH¿�QHG��WKH�FXUUHQW�IXHO�DQG�FRPEXVWLRQ�
configuration for a specific site can be 
HYDOXDWHG�WR�GH¿�QH�WKH�UHTXLUHG�FKDQJHV�WR�
switch fuels.”

Ansaldo
Ansaldo Thomassen (AT) is Ansaldo Ener-
gia’s service team for non-Ansaldo GTs. It 
comprises PSM, Ansaldo Thomassen and 
Ansaldo Thomassen Gulf. AT is working 
on combustion technology for fuel mixing 
and greater hydrogen content. 

Dr. Peter Stuttaford, AT’s CEO, agrees 

WKDW�WKH�KLJK�À�DPH�VSHHG�RI�K\GURJHQ�XVHG�
LQ�'/1�V\VWHPV�LV�D�FKDOOHQJH�GXH�WR�À�DVK�
back margin reduction, NOx increase and 
shifting flame position potentially over-
heating components. 

³)XHO�VNLG�DQG�FRQWUROV�UHTXLUH�VSHFLDO�
attention to avoid leakage and safe turbine 
control,” he said. “However, these items 
can be solved with the right system design.”

Rapid premixing, independent of 
Wobbe index variation, is needed, said 
Stuttaford. High premixer exit velocities 
FDQ�SURYLGH�WKH�QHHGHG�À�DVKEDFN�PDUJLQ��
with careful treatment of boundary layer 
shear and the fuel-air ratio. 

It is also necessary to provide a strong 
À�DPH�VWDELOL]DWLRQ�PHFKDQLVP�WKDW�GRHV�
not shift substantially with fuel reactivity. 
AT’s LEC combustor is available for up to 
25% hydrogen. Its Flamesheet combustor 
can tackle up to 40% hydrogen. 

“Tests are ongoing to demonstrate 80% 
hydrogen capability for Flamesheet, and 
development work is ongoing for a 100% 
hydrogen demonstration,” said Stuttaford. ■

GE’s High hydrogen-fueled 6B gas turbine in South Korea

Example of a 

hydrogen fuel 

conversion retrofi t
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O
ver the past few years, the momen-
tum behind renewable energy has 
accelerated considerably. To ensure 
supply and demand match, system 

operators need controllable resources with 
UDPSLQJ�ÀH[LELOLW\�DQG�WKH�DELOLW\�WR�VWDUW�
and stop multiple times per day as dictated 
by real-time grid conditions. 

Both over supply and under supply 
PXVW�EH�PLWLJDWHG�E\�PDNLQJ�VXI¿FLHQW�
I OH[LEOH�FRQWUROODEOH�FDSDFLW\�DYDLODEOH��
Over supply happens when all anticipated 
JHQHUDWLRQ��LQFOXGLQJ�UHQHZDEOHV��H[FHHGV�
the real-time demand. It requires manual 
intervention of the market to maintain 
reliability. 

During oversupply times, wholesale 
price can be very low and even go negative 
(i.e., generators paying utilities to take the 
energy). Under supply results in grid fre-
quency drop, system failures and potential 
black-outs or services interruptions. Cer-
tain grids are already facing these prob-
lems (Figure 1). 

Natural gas-fired generation has an 
LPSRUWDQW�UROH�WR�SOD\�LQ�VXSSRUWLQJ�D�ÀH[-
ible, cost-effective, environmentally 
friendly power grid. Aeroderivative GTs 
and reciprocating internal combustion 
engines (RICE) are the two most com-

monly employed simple cycle power gen-
eration options available to system opera-
tors to cope with the challenges posed by 
the high content of renewable energy.

Larger RICE units have power outputs 
ranging from about 10 MW to 20 MW. 
7KHUHIRUH��ODUJH�SRZHU�SODQW�VSHFL¿FDWLRQV�
must be met via multiple units with conse-

AERODERIVATIVES VERSUS RECIPS
DEMANDS OF THE MARKETPLACE  

LARGELY FAVOR THE AERODERIVATIVE
BY VINCENT PEREZ
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Figure 1: Power demand variations within the California grid with high penetration of 

renewable energy
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quences, such as economies of 
scale and site infrastructure costs. 

$V�DQ�H[DPSOH��*7V�XS�WR�
100 MW typically operate 
within their own weather proof 
enclosure. Larger RICE units, 
on the other hand, require a 
building. In addition, an array of 
¿Q�IDQ�FRROHUV�LV�QHHGHG�WR�FRRO�
RICE jacket water. This adds to 
the cost of buying and operating 
the equipment as well as on-site 
infrastructure work.

The size of the required 
building and infrastructure 
depends on the power density of 
the generating equipment; both 
from a MW/kg viewpoint driv-
ing the type of foundation and 
MW/m2 driving the footprint and 
land cost of the plant (Table 1). 

Aeroderivatives come out 
ahead on power density. Note 
also that recip pistons generate 
low frequency vibrations that can 
necessitate anti-vibration mounts, 
isolating pads, and sometimes 
ÀRDWLQJ�FRQFUHWH�IRXQGDWLRQV��

A 20 MW RICE will typi-
cally require a 1.5m concrete 
raft per engine. An aeroderiva-

tive will need around 4.5 times 
less concrete. For a RICE plant, 
however, the engine hall only 
represents about one third of the 
equipment footprint. Another 
third is occupied by the silencer 
and emission treatment system 
and the last third by the second-
ary water system array of fin-
fan coolers (Table 2). 

A modern natural gas-fired 
plant might have a minimum of 
one daily start for the afternoon 
demand surge and one shutdown 
either at the end of the day when 
this peak disappears (peaking 
DSSOLFDWLRQ��DSSUR[��������K�
\HDU���RU�WKH�QH[W�GD\�ZKHQ�E\�WKH�
end of the morning the renewable 
surge drives the grid towards an 
over generation risk (mid merit, 
DSSUR[��������K�\HDU���

The number of daily starts 
could be increased further if the 
plant is used to balance the 
slight increase in demand in 
early morning before renew-
ables capacity fully kicks in (2 
starts); or if it is used to offset 
the sharp variations that could 
occur during the day and not 

Table 1: Comparison of energy density for a 20 MW recip versus 

a Siemens SGT-A65 aeroderivative

Large RICE 20 MW 

Class SGT-A65

Footprint (m) 4.1×13.7 2.8×4.4

Weight (metric tonne) 250 11

Power (MW) 18.8 Up to 70.8 

Density (kW/m2) 335 5,746

Density (kW/tonne) 75.2 6,436

Table 2: Footprint and power density comparison for a 300 MW 

power plant

Large RICE 20 MW 

Class
SGT-A65

Reference site  Edinburg, Texas, USA
Bayonne, New Jersey, 

USA

Power (MW) 220 512

Units 12× Large RICE 8× SGT-A65

Footprint
32,000 m2 

(7.9 acres)

28,600 m2 

(7.1 acres)

Density (kW/m2) 6.8 17.9

Scaled to 300 MW

Units 17× Large RICE 5× SGT-A65

Footprint 10.7 acres 4.1 acres

.RS�)OH[�DQG�5HJDO�DUH�WUDGHPDUNV�RI�5HJDO�%HORLW�&RUSRUDWLRQ�RU�RQH�RI�LWV�D���OLDWHG�FRPSDQLHV�

������������5HJDO�%HORLW�&RUSRUDWLRQ��$OO�5LJKWV�5HVHUYHG���0&$'�����(��������(
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represented in this curve 
because of the scale. 

Under these conditions, 
wear and tear of equipment 
ZLOO�PRVWO\�EH�FDXVHG�E\�¿UHG�
hours for RICE units and 
aeroderivative gas turbines. 
Thermal stress levels are more 
likely to impact ramp rates and 
cycling capabilities.

The architecture and mate-
rials used in aeroderivatives 
are intended for mult iple 
starts, stops, and sharp power 
spikes without maintenance or 
life penalty. RICE units show 
the same resilience to cycling 
operations.

Time to start and reach full 
power also needs to be consid-
ered within the star t cost 
through fuel burnt cost: start-
ing time could range from two 
or three minutes for the 10 
MW class of RICE under 
“readiness to start” conditions. 
For 20 MW-class RICE, this 
rises from seven to 18 minutes. 
This compares to f ive- to 
10-minute start times for large 
aeroderivatives.

The cost of keeping units 
and plants in “starting mode” 
also should be considered. GTs 
usually start from cold iron. 
O n l y  t r a c e  h e a t i n g  i s 
employed to maintain f luids 
above freezing temperature as 
well as mandatory enclosure 
ventilation. 

To meet fast start condi-
tions, RICE jacket cooling 
water and lubricating oil are 
preheated and maintained above 
a minimum temperature (typi-
FDOO\����&� IRU� WKH� FRROLQJ�
water), engine bearings are con-
tinuously pre-lubricated, and the 
engine is slow turning (typically 
driven by an electrical motor).

Preheat to start
Large RICE units typically 
require some form of preheat-
ing to start after 12 hours of 
down time, but it could be 
required as early as 1 hours 
after shutdown to retain fast-
start capability.

In an environment, such as 
California, RICE units could 
require 16 hours or more per 
day of heating, lubricating and 
turning to retain their fast 
start capability with energy 
FRQVXPSWLRQ� H[FHHGLQJ� ��

0:�IRU�D�����0:�SODQW��)RU�
an aeroderivative plant, the 
same conditions could require 
less than 0.9 MW of energy 
consumption. 

Overhaul and maintenance 
Overhaul and maintenance 
strategies are different for 
RICE and aeroderivative gas 
turbines. Aeroderivatives have 
long intervals between mainte-
nance inspections based on 
r unning hours, typical ly 
around 25,000 f ired hours 
before the “hot section” inspec-
tion and basic maintenance. 

At 50,000 fired hours, a 
more complete overhaul is typ-
ically performed. This pattern 
JHQHUDOO\�UHSHDWV�DW��������DQG�
100,000 hours. The latest 
HTXLSPHQW� WHQGV� WR�H[WHQG�
these period intervals toward 
�������KRXUV��

In addition, borescope 
inspections are typically per-
formed every 12-to-18 months 
without the need for disassem-
b l y.  D ow n t i m e  c a n  b e 
decreased through a core 
H[FKDQJH�SURJUDP�RIIHUHG�E\�
the OEM, or through the 
installation of a leased engine 
into the package to restore full 
operations within 48 hours. 

RICE units will have more 
frequent and longer mainte-
nance events. Piston rings, cyl-
inder liner and head, and inlet 
DQG�H[KDXVW�YDOYHV�ZLOO�W\SL-
cally have repair intervals rang-
ing between 16,000 to 24,000 
hours. Some of these compo-
nents have similar replacement 
intervals, depending on the fuel 
and operating conditions, or up 
to 60,000 to 100,000 hours for 
pistons and cylinder liner and 
KHDGV��7DEOH�����

The sheer size of large 
RICE unit (over 250 tonnes 
for the engine, 1.2 tonnes for 
a cylinder head) will require 
regular in situ maintenance 
operations to be planned and 
staffed accordingly, with 
cranage within the building 
and free space above and 
around the units for mainte-
nance access.

As regular maintenance is 
based on fired hours, RICE 
overhaul costs are quoted per 
MWh; around $8.5/MWh for 

GASTURBINES
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10 MW class engine and $6.5/
MWh for the 20 MW one. 
This is based on number of 
operating hours at full load. 
Part load operation means 
higher maintenance costs per 
MWh for RICE. Gas turbines 
will typically benefit from 
H[WHQGHG�RSHUDWLRQV�KRXUV�RU�
reduction of maintenance for 
part load operation.

Ef f iciency is  an a rea 
where large RICE units have 
an advantage. RICE range 
from 45% to 48% for simple 
F\FOH�HI¿FLHQF\�IRU�ODUJH�XQLWV�
(at the generator terminals). 
Large aeroderivative turbines 
KDYH�D�VLPSOH�F\FOH�HI¿FLHQF\�
RI�DURXQG�����LQ�VRPH�FDVHV�

 However, RICE units 
UHTXLUH�KLJKHU�DX[LOLDU\�ORDGV�
than aeroderivatives to drive 
lubricating oil pumps, heating 
ventilation and air condition-
ing (HVAC) for the engine 
hall, as well as cooling water 
pumps and f in-fan cooler 
motors. 

These loads result in about 
a 2% efficiency penalty. In 
addition, the combustion tun-
ing of large RICE units to 
FRPEDW�HPLVVLRQV�KDV�DQ�HI¿-
ciency penalty of around 1.5%.

Lube oil consumption   
RICE units generally consume 
lube oil at a rate of 0.5kg/
MWh. Regular oil changes or 
continuous conditioning of the 
oil is required. Oil consump-
tion in aeroderivatives is neg-
ligible and the oil can some-
times last for the life of the 
machine. 

These factors should be 

taken into consideration in 
any analysis of running costs 
of RICE versus aeroderiva-
tives, as RICE high mainte-
nance cost and oil consump-
tion and disposal costs can 
FDQFHO�RXW�KLJK�HI¿FLHQF\�IXHO�
cost savings. 

Operational flexibility
The capacity for the plant to 
generate revenue in different 
market environments should 
always be included in technol-
ogy selection. These can range 
from energy-only markets with 
real-time, day-ahead, and 
ancillary service markets to 
capacity markets or operating 
reserve markets. 

)OH[LELOLW\�GHPDQGV�FKDU-
acteristics, such as the ability 
to rapidly ramp up and down, 
fast start, low load operation, 
reliability, accurate forecast 
operating capability and high 
availability. Based on the fac-
tors noted above, the demands 
of the marketplace largely 
favor the aeroderivative. 

The ramp rates, load accep-
tance and shedding character-
istics of aeroderivatives allow 
operators to balance the grid 
with up to 4 MW/s per unit 
when under-supplied grid sees 
frequency drop and a fast sup-
ply is required to prevent sys-
tem collapse. 

This also allows operators to 
switch on/off large equipment as 
up to 20 MW instantaneous load 
can be accepted by a unit idling 
DW���0:��6RPH����0:�FDQ�EH�
accepted by a unit at 25 MW (i.e., 
over 2,100 MW/min). Alterna-

GASTURBINES

Table 3: Typical inspection events schedule for large RICE units

Operating 

(fired) hours Event

Estimated duration 

(2×12h shifts)

Routine 

checks

Checking filters, lube oil, 

cooling water
During operation

8,000h
Minor Inspection (plus repair of 

gas valves)
2 days

12,000h Minor Inspection 3 days

15,000h
Intermediary Inspection 

(cylinder head & bearing)
9 days

24,000h Minor Inspection 4 days

32,000h
Intermediary Inspection (plus 

replacement of inlet valves)
10 days

48,000h
Major Inspection (crank shaft 

inspection)
10 days

Continued on page 28
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tively, a unit at 50 MW can instantly shed the 
IXOO�ORDG��L�H���RYHU�������0:�PLQ��DQG�VWDEL-
lize at synchronous speed at 0 MW without 
tripping, ready to respond to new demand.

7KH�VWDUWLQJ�ÀH[LELOLW\�RI�DHURGHULYD-
tives also allows operators to optimize dis-
patch at the plant level. They can either 
PD[LPL]H�SDUW�ORDG�HI¿FLHQF\�E\�VZLWFK-
ing units on/off to match demand or share 
ORDG�EHWZHHQ�VHYHUDO�XQLWV�WR�PD[LPL]H�
the spinning reserve in a capacity market 
(Figure 2). 

As a result, large aeroderivative gas 
turbines can participate in all revenue 
schemes for which large RICE units qual-
ify. They can outperform RICE units in 
terms of start capability, time to base-
load, ramp rate, and load acceptance and 
shedding.

The inertia of the power train is another 
factor to be taken into account when con-
sidering grid frequency stabilization. The 
rotary movement of GTs and the mass of 
the larger electrical generator provides 
greater grid stabilization benefits than a 
battery or smaller RICE unit. 

This is even more important when con-
sidering that renewable energy with low or 
zero inertia displaces traditional power 
generation equipment with large inertia.
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Figure 3: Grid frequency regulation during a 50 MW step load between 230 MW and 280 MW 

for a RICE supported grid (20 MW unit) vs. a gas turbine supported grid (50 MW/unit)
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Figure 2: 300 MW plant efficiency as a function of load

Continued on page 29

Speed control takes a  
new turn towards the future 
VECO-Drive 
The new VECO-Drive closes the gaps 

with an innovative combination of a 

 mechanical superposition gear with elec-

trical superposing. This allows us to take 

completely new approaches to overall 

system optimization. Now it’s your turn!

Get to know the most efficient way to 

control your compressors and pumps:

vs@voith.com

www.voith.com/vecodrive

Get the 
Drive.

“ Raise efficiency up to 

97 percent – control your 

compressors and pumps 

more efficiently than ever.”
Dr. Martin Tilscher,  

Product Manager Geared Variable Speed Drives

voith.com
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Take the case of a 50 MW 
step in a 280 MW small grid. 
This might be due to a single 
point failure, such as an elec-
trical transformer failure (cor-
responding to a single GT or 
three large RICE units con-
nected to a large transformer 
and breaker) in island mode. 

7KH�ODUJH�IUHTXHQF\�H[FXU-
sion in the RICE supported 
grid risks damaging the driven 
electrical equipment. It may 
also cause trips and upset grid 
VWDELOLW\��)LJXUH�����

Large aeroderivatives retain 
more grid stabilizing inertia 
while displaying higher ramp 
rates per unit and similar cycling 
capability than RICE units. 

Environmental impact
Although RICE units and GTs 
may often be used for the same 
power generation application, 
due to the different technolo-
gies, different regulations typ-
ically apply. 

Despite being compliant 
with mandatory applicable reg-
ulations, RICE units tend to be 
more polluting. They also 
require the purchase and 
XSNHHS�RI�H[KDXVW�FDWDO\VWV�
and scrubbers (Figure 4) 

Additionally, RICE units 
will burn lube oil on the cylin-
der walls (about 0.5g/kWh) 
which will result in emissions 
RI�DSSUR[LPDWHO\��PJ�1P� 
62[�RQ�JDV�IXHO��W\SLFDOO\�QRW�
treated by emission abatement 
processes. 

%H\RQG�12[�DQG�&2��WKH�
most striking difference is 
unburned hydrocarbons, which 
would include what is referred 

to as “methane slip”. Due to an 
H[SORVLYH�FRPEXVWLRQ�F\FOH��
RICE units will have unburned 
hyd r o c a r b o n s  e s c a p i n g 
WKURXJK�WKH�H[KDXVW��

This amounts to between 
��J�WR���J�N:K�DW������ORDG�
DQG�IURP���J�XS�WR����J�N:K�
at 25% load. A GT will typi-
cally emit UHC over two 
orders of magnitude less than 
a full load RICE unit. 

Methane, which degrades 
slowly over time when released 
into the atmosphere, is 84 
times more potent a Green 
House Gas (GHG) compared to 
CO2 over a 20-year horizon, 
and as a result ‘methane slip’ 
negates RICE environmental 
EHQH¿W�RI�KLJKHU�HI¿FLHQF\�DQG�
less fossil fuel burn.

Aeroderivatives, then, offer 
D�ÀH[LEOH��IDVW�UHVSRQGLQJ��DQG�
economical solution to the 
challenges facing the electric-
ity markets faced with a grow-
ing penetration of renewable 
power generation. 

They offer superior power 
density, transient response to 
grid balance requirements and 
economics, availability, in 
addition to far lower impact 
IURP�H[KDXVW�HPLVVLRQV��■

Vincent 

Perez is 

Advanced 

Projects 

Manager 

for gas 

turbines in 

Siemens Canada. For more 

information visit Siemens.com/

energy
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Figure 4: Emissions for natural gas fuel plant without exhaust 
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A
V�RLO�DQG�JDV�¿�HOGV�DJH��SUHVVXUH�FDQ�
GURS��DQG�RXWSXW�GLPLQLVKHV��/HIW�
XQFKHFNHG��WKLV�FDQ�VLJQDO�WKH�HQG�
RI�YLDEOH�SURGXFWLRQ�IRU�WKDW�VLWH��

7DNH�WKH�FDVH�RI�WKH�*URQLQJHQ�¿�HOG�LQ�WKH�
QRUWK�RI�WKH�1HWKHUODQGV��
&XUUHQWO\�LW�SURGXFHV����ELOOLRQ�FXELF�

PHWUHV��EFP��RI�JDV�DQQXDOO\��%XW�ZHOO�
GHSOHWLRQ�KDV�WDNHQ�LWV�WROO�DIWHU����\HDUV�RI�
RSHUDWLRQ��,Q�UHVSRQVH��WKH�*URQLQJHQ�
/RQJ�7HUP�3URMHFW�ZDV�EHJXQ��7KLV�
LQYROYHG�WKH�LQVWDOODWLRQ�RI�D�FRPSUHVVLRQ�
VWDJH�RQ����JDV�SURGXFWLRQ�FOXVWHUV��7KLV�
ERRVWHG�WKH�JDV�SUHVVXUH�WR�WKH�UHTXLUHG����
EDU������SVL��JULG�SUHVVXUH��

$IWHUZDUGV��KRZHYHU��SUHVVXUHV�FRQWLQ�
XHG�WR�GHFOLQH��$�VHFRQG�FRPSUHVVLRQ�VWDJH�
ZDV�UHTXLUHG�WR�KDQGOH�WKH�\HDUO\�DQG�GDLO\�
JDV�GHPDQG�À�XFWXDWLRQV�ZKLOH�DGGLQJ�UHOL�
DELOLW\�LQ�WKH�IDFH�RI�D�GHPDQGLQJ�GXW\�
F\FOH��7KH�IDFLOLW\�DOVR�ZDQWHG�WKH�FDSDELO�
LW\�WR�GHOLYHU�IDVW�VWDUWV��PXOWLSOH�VWDUWV�SHU�
\HDU��D�ODUJH�WXUQGRZQ�UDWLR�DQG�D�ZLGH�
VSHHG�UDQJH�

$�UHFHQW�XSJUDGH�IRFXVHG�RQ�WKH�GHYHO�
RSPHQW�RI�DQ�DFFHOHUDWHG�FOXVWHU��5HTXLUH�
PHQWV�LQFOXGHG�VSHHG�UDQJLQJ�IURP�����RI�
PD[LPXP�WR�������D�WXUQGRZQ�UDWLR�RI�
�����DQG�XS�WR�����VWDUWV�D�\HDU�IRU�WKH�
FRPSUHVVRU�WUDLQ��

7KUHH�FRPSUHVVRU�FRQFHSWV�ZHUH�HYDO�
XDWHG��D�QHZ�FRPSUHVVLRQ�XQLW��D�GULYH�
WKURXJK�FRQFHSW��DQG�D�GRXEOH�HQG�FRQ�
FHSW��%RWK� WKH�GRXEOH�HQG�DQG�GULYH�
WKURXJK�FRQFHSWV�RIIHU�WKH�EHQH¿�W�RI�XVLQJ�
WKH�SRWHQWLDO�RI�WKH�H[LVWLQJ�PRWRU��

Shorter shut-down times
+RZHYHU��ZKHQ�FRPSDUHG�ZLWK�WKH�GULYH�
WKURXJK�GHVLJQ��WKH�GRXEOH�HQG�FRQFHSW�
KDV�LPSURYHG�PDLQWDLQDELOLW\�DQG�RSHUDELO�
LW\�FKDUDFWHULVWLFV��,W�DOVR�KDV�VKRUWHU�VKXW�
GRZQ�WLPHV�IRU�PDLQWHQDQFH�GXH�WR�WKH�
FRQ¿�JXUDWLRQ�RI�WKH�LQQHU�FDVLQJ��7KH�GRX�
EOH�HQG�WHFKQRORJ\�ZDV�VHOHFWHG�IRU�IXU�
WKHU�GHYHORSPHQW�

$�VHFRQG�GHVLJQ�FKRLFH�IRFXVHG�RQ�WKH�
XVH�RI�DFWLYH�PDJQHWLF�EHDULQJV��$0%���

7KH�JHQHUDO�EXVLQHVV�WUHQG�WR�RSHUDWH�DW�
KLJKHU�FLUFXPIHUHQWLDO�VSHHGV�LQ�WKH�WXU�
ERPDFKLQHU\�LQGXVWU\�LV�OLPLWHG�E\�PDWH�
ULDO�SURSHUWLHV��VXFK�DV�\LHOG�VWUHQJWK��
2WKHU�OLPLWDWLRQV�LQFOXGH�H[FHVVLYH�SDG�

WHPSHUDWXUHV�DQG�ODUJH�VKHDU�SRZHU�ORVVHV�
LQ�FRQYHQWLRQDO�À�XLG�¿�OP�EHDULQJV��5RWRUV�
VXSSRUWHG�RQ�$0%V�KDYH�WKH�SRWHQWLDO�WR�
RYHUFRPH�WKLV�ODVW�OLPLWDWLRQ��,Q�FRQWUDVW�WR�
SDVVLYH�À�XLG�¿�OP�EHDULQJV��DQ�$0%�LV�DQ�
DFWLYH�FRPSRQHQW�WKDW�UHTXLUHV�D�FORVHG�
FRQWURO�ORRS�WR�VWDELOL]H�WKH�URWRU�LQ�WKH�
FHQWHU�RI�WKH�DLU�JDS��

5RWRUG\QDPLF�DQDO\VLV�RI�IOXLG�ILOP�
EHDULQJV�LV�DIÀ�LFWHG�ZLWK�XQFHUWDLQW\�LQ�WKH�
SUHGLFWLRQ�RI�G\QDPLF�IRUFH�FRHI¿�FLHQWV�IRU�
WLOWLQJ�SDG�EHDULQJV�DQG�JDV�ODE\ULQWK�VHDOV��
,Q�FRQWUDVW��DQ�$0%�LV�SUHGLFWDEOH�LQ�WHUPV�
RI� LWV�IUHTXHQF\�GHSHQGHQW�EHKDYLRXU�
H[SUHVVHG�LQ�WKH�IRUP�RI�D�WUDQVIHU�IXQFWLRQ�
UHODWLQJ�WKH�EHDULQJ�IRUFH�WR�WKH�URWRU�SRVL�
WLRQ��7DEOH�����

7KH�VWDEOH�SURSHUWLHV�RI�$0%V�DOVR�
LQFOXGH�WKH�WUDQVIHU�EHKDYLRU�RI�WKH�VHQVRU��

MAXIMIZING COMPRESSOR 
PERFORMANCE 
ACTIVE MAGNETIC BEARING SOLUTIONS DELIVER FLEXIBILITY, 

RELIABILITY AND IMPROVED ECONOMIC PERFORMANCE
BY DR. RAINER GAUSMANN AND FRANK HEIDTMANN

23 MW (30,000 hp) direct-driven 

compression train with synchronous 

motor in double-end-drive confi guration 

situated at Schaapbulten, Netherlands
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WKH�DPSOL¿HU�DQG�WKH�IRUFH�FRQWURO�FXUUHQW�
UHODWLRQVKLS��DQG�WKH�FRQWURO�ODZ��ZKLFK�LV�
GHVLJQHG� LQGLYLGXDOO\�IRU�HDFK�URWRU��
$0%V�SURYLGH�D�ODUJH�RSHUDWLQJ�UDQJH�
DQG�KLJK�G\QDPLFV�RYHU�D�ZLGH�IUHTXHQF\�
UDQJH��7KLV�DOORZV�WKHP�WR�GHDO�ZLWK�
KLJKO\�XQEDODQFHG�VLWXDWLRQV�DQG� WR�
UHVSRQG�WR�XSVHW�FRQGLWLRQV��VXFK�DV�VXUJH�
HYHQWV��SRZHU�GLSV�DQG�WKH�OLNH��

+DYLQJ�GHWHUPLQHG�WKH�NH\�GHVLJQ�
FRQVLGHUDWLRQV�DQG�WHFKQRORJ\�FKRLFHV��D�
GHYHORSPHQW�DVVXUDQFH�SURJUDP�ZDV�IRO�
ORZHG�E\�D�TXDOL¿FDWLRQ�EDVHG�RQ�D�7HFK�
QRORJ\�5HDGLQHVV�/HYHO��75/��DVVHVV�
PHQW��,QWURGXFHG�E\�1$6$�IRU�VSDFH�WHFK�
QRORJ\��WKH�75/�PHWKRG�KDV�EHHQ�DGDSWHG�
IRU�WKH�RLO�DQG�JDV�LQGXVWU\��'LYLGHG�LQWR�
HLJKW�OHYHOV��WKH�75/�SURFHVV�DV�XVHG�
ZLWKLQ�6KHOO�LQFOXGHV�D�SURFHGXUH�WR�DVVHVV�
WKH�PDWXULW\�RI�QHZ�WHFKQRORJLHV�WR�DYRLG�
DQG�WR�PDQDJH�ULVNV�LQ�D�V\VWHPDWLF�ZD\��

Full-scale testing
75/��LV�GH¿QHG�DV�D�IXOO�VFDOH�FRPSRQHQW�
WHVW�LQ�D�UHOHYDQW�HQYLURQPHQW�DQG�ZLWK�IXOO�
LQWHUIDFH�DQG�IXQFWLRQDOLW\�WHVWV�IRU�FRP�
SUHVVRU�EHDULQJV�DQG�PRWRU�EHDULQJV��'HYHO�
RSHG�ZLWK�WKH�LQWHQW�RI�HQVXULQJ�WKDW�WHFKQL�
FDO�ULVNV�ZHUH�LGHQWL¿HG�DQG�DGGUHVVHG�DV�
IDU�DV�SRVVLEOH�SULRU�WR�¿HOG�LPSOHPHQWDWLRQ��
WKH�PDJQHWLF�EHDULQJ�V\VWHP�ZDV�LQLWLDOO\�
IXOO�VFDOH�WHVWHG�LQ�D���0:��������KS��KLJK�
VSHHG�DV\QFKURQRXV�PRWRU�

75/��DGGUHVVHG�WKH�DSSOLHG�WHFKQRO�
RJ\�TXDOLILFDWLRQ�IRU�WKH�HQJLQHHULQJ��
PDQXIDFWXULQJ�DQG�WHVWLQJ�RI�PDFKLQHU\�
GHVWLQHG�IRU�WKH�JDV�SURFHVVLQJ�SODQW��7KLV�
WHVW�ULJ�FRQVLVWHG�RI�D�¿YH�VWDJH�FRPSUHV�
VRU�UDWHG�DW����0:���������KS��DQG�ZLWK�
D�����EDU��������SVL��GHVLJQ�SUHVVXUH��
2SHUDWLQJ�LQ�FORVHG�ORRS�FRQGLWLRQV�

ZLWK�D�QLWURJHQ�ZRUNLQJ�ÀXLG��WKH�WHVW�EHG�
XQLW�ZDV�GULYHQ�E\�D�VKRS�PRWRU�ZLWK�D�
VWHS�XS�JHDU�DQG�D�PHFKDQLFDO�VDIHW\�EUDNH�
�)LJXUH�����75/��ZDV�DFKLHYHG�E\�IXO¿OO�
LQJ�WKH�UHTXLUHPHQWV�RI�WKH�SURMHFW¶V�TXDO�
LW\�FRQWURO�SODQV��LQFOXGLQJ�PHFKDQLFDO�
UXQQLQJ�WHVWV��DV�ZHOO�IDFWRU\�SHUIRUPDQFH�
WHVWV�RI�ERWK�FRPSUHVVRUV�DQG�D�IDFWRU\�
DFFHSWDQFH�WHVW�IRU�WKH�GULYHU��

75/��KDQGOHG�WKH�VWULQJ�GHVLJQ�TXDOL�
¿FDWLRQ��LQFOXGLQJ�LQVWDOODWLRQ�DQG�FRP�
PLVVLRQLQJ��7KLV�ZDV�DFKLHYHG�E\�D�GHVLJQ�

UHYLHZ�RI�WKH�LQWHJUDWHG�VWULQJ�DQG�D�WKLUG�
SDUW\�FKHFN�RI�WKH�ODWHUDO��D[LDO�DQG�WRU�
VLRQDO�G\QDPLFV��

$W�75/���WKH�FRPSUHVVLRQ�WUDLQ�SURYHV�
UHOLDELOLW\�DQG�KLJK�DYDLODELOLW\�RQ�ORFDWLRQ�
GXULQJ�D�VSHFL¿F�RSHUDWLRQ�SHULRG��7KLV�LV�
DFFRPSDQLHG�E\�VSHFL¿HG�WHVWV�DQG�DFWLY�
LWLHV��VXFK�DV�UREXVWQHVV�WHVWV��SRZHU�GLS�
WHVWV�����KRXU�IXOO�ORDG�WHVWV��RSHUDWLRQ�
PDS�YHUL¿FDWLRQ��DQG�RWKHUV��$IWHU�FRP�
SOHWLQJ�D�ULJRURXV�WHVW�SURJUDP�LQFOXGLQJ�
D[LDO�DQG�UDGLDO�VWDWLF�ORDG�WHVWV��D[LDO�

Table 1: Properties of oil lubricated 

bearings vs. AMBs

Motor or Turbomachine 

with

Oil 

Lubricated 

Bearings

Active 

Magnetic 

Bearings

Specific load High Low

Stiffness High Low

Damping Moderate High

Circumferential 

Speed

<100 m/s 

(<330 ft/s)

<200 m/s 

(<660 ft/s)

Losses Moderate Very Low

Speed Range
Typically 

Limited
Continuous

Complexity Low High

Environment Risk To Leak Yes

Maintenance

Periodical 

Oil And Filter 

Checks

Nearly No

gradientlens.com/V2    800.536.0790   Made in USA     

Rotor slot with coil 

locating dowel

Rotor slot entrance Rotor cooling vent

Fast, reliable visual inspection!

Hawkeye Video 
Borescopes

When conducting regularly scheduled inspections, or, troubleshooting 

a problem, Hawkeye Video Borescopes deliver fast, reliable visual  

inspection, without the need for time-consuming, costly, turbine  

and generator teardown.
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G\QDPLF�ORDG�WHVWV��XQEDODQFH�DQG�VWDELO�
LW\�WHVWV��HQGXUDQFH�WHVW�DQG�DGYDQFHG�
VDIHW\�IXQFWLRQV�WHVWV��WKH�FRPSUHVVLRQ�
WUDLQ�VXFFHVVIXOO\�SDVVHG�75/��WR�75/���

Groningen installation
&RQVWUDLQWV�IRU�WKH�UHYDPS�SURMHFW�ZHUH�WKH�
UHXVH�RI�WKH�H[LVWLQJ�PRWRU�VWDWRU�DQG�KRXV�
LQJ��7KLV�LQFOXGHG�WKH�PRWWRU¶V�ZKROH�HOHF�
WULFDO�GULYH�DQG�FRQWURO�WHFKQRORJ\��SRZHU�
VXSSO\��VZLWFKJHDUV��YDULDEOH�VSHHG�GULYH�
V\VWHP��DQG�VR�RQ���DV�ZHOO�DV�WKH�H[LVWLQJ�
FRPSUHVVRU�FDVLQJ��

7KH�H[LVWLQJ�FRPSUHVVLRQ�VWULQJ�FRP�
SULVHG�D����0:���������KS��YDULDEOH�VSHHG�
V\QFKURQRXV�PRWRU�DQG�D�GLUHFWO\�GULYHQ�
LQOLQH�FRPSUHVVRU��ERWK�OHYLWDWHG�E\�PDJ�
QHWLF�EHDULQJV��:LWK�WKH�QHZ�DGGLWLRQV��WKH�
FRPSUHVVLRQ�WUDLQ�QRZ�FRQVLVWV�RI�D�PRGL�
ILHG�GRXEOH�HQG�GULYH�PRWRU�URWRU�DQG�D�
GLUHFWO\�GULYHQ�ORZ�SUHVVXUH�FRPSUHVVRU�
��VW�VHFWLRQ��RQ�RQH�VLGH�DQG�D�GLUHFWO\�
GULYHQ�KLJK�SUHVVXUH�FRPSUHVVRU���QG�VHF�
WLRQ��RQ�WKH�RWKHU�VLGH�RI�WKH�PRWRU��DOO�RQ�
$0%�V\VWHPV��

7KH�H[LVWLQJ�FRPSUHVVRU�PRWRUV�ZHUH�
IRUPHUO\�OHYLWDWHG�E\�WKUHH�PDJQHWLF�EHDU�
LQJV��WZR�IRU�WKH�PDLQ�PRWRU�DQG�D�WKLUG�

RQH�DW�WKH�H[FLWHUV�QRQ�GULYHQ�HQG���7KH�
GRXEOH�HQG�GULYH�FRQFHSW�DVNHG�IRU�D�
QHZO\�GHVLJQHG�GULYH�WKURXJK�H[FLWHU�LQ�
ZKLFK�WKH�WKLUG�EHDULQJ�LV�RPLWWHG��

$�VPDOOHU�DPRXQW�RI�KDUGZDUH�OHG�WR�D�
UHGXFHG�SODQW�IRRWSULQW��DV�ZHOO�DV�VLPSOL�
¿HG�FRPPLVVLRQLQJ�DQG�KLJKHU�RYHUDOO�UHOL�
DELOLW\��7KH�FRQWURO�FDELQHWV�LQFOXGH�D�VWDQ�
GDUG�KLJK�SRZHU�LQYHUWHU�RI�WKH�W\SH�QRU�
PDOO\�XVHG�WR�GULYH�WRUTXH�PRWRUV�DQG�OLQ�
HDU�PRWRUV�LQ�PDFKLQH�WRRO�DSSOLFDWLRQV��
+RZHYHU��WKH�VRIWZDUH�ZDV�PRGL¿HG�IRU�
WKLV�QHZ�DSSOLFDWLRQ�

7KH�SLORW�SODQW�VWDUWHG�SURGXFWLRQ�
WRZDUGV�WKH�HQG�RI�������7KH�QRYHO�FRP�
SUHVVLRQ�VWULQJ�ZLWK�D�VHYHQ��DQG�HLJKW�
VWDJH�FRPSUHVVRU�LV�DERXW����P�����IW��ORQJ��
ZLWK�XS�WR����PP�������LQFK��D[LDO�WKHUPDO�
HORQJDWLRQ��,W�LV�VXSSRUWHG�E\�VL[�UDGLDO�
$0%V�DQG�WZR�D[LDO�$0%V�DW�WKH�WUDLQ¶V�
QRQ�GULYHQ�HQGV��)LJXUH�����6WULQJ�GHVLJQ�
DVSHFWV�DOVR�LQFOXGHG�WKH�ODWHVW�¿HOG�DQG�
RSHUDWLRQDO�H[SHULHQFHV�FRQFHUQLQJ�H[SHU�
LPHQWDO�WRUVLRQDO�VWULQJ�DQDO\VLV�DQG�VHQVRU�
ODQH�UXQ�RXW�HIIHFWV�LQ�FRPELQDWLRQ�ZLWK�
WKH�FORVHG�ORRS�$0%�FRQWUROOHU�GHVLJQ��

7HFKQLFDO�FKDOOHQJHV�H[SHULHQFHG�
GXULQJ�WKLV�GHYHORSPHQW�LQFOXGHG�WKH�VL]H�
RI�WKH�GRXEOH�HQG�GULYH����WRQ�URWRU���PRG�
LILFDWLRQV�UHTXLUHG�WR�WKH�GU\�JDV�VHDO�
GHVLJQ��DQG�WKH�LQFRUSRUDWLRQ�RI�$0%V��

Figure 3: Test set-up for axial dynamic step response test with special tool (1) for 

step-load application, installed by a counter holder (2) at the compressor drive-end (3)

Figure 1: AMB-supported test compressor

Figure 2. Rotordynamic lateral model of the 16 m compression train with directly 

attached high speed motor, supported by AMBs. It includes the marked positions of 

the radial compressor AMBs (small triangles)
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7UDGH�RIIV�ZHUH�UHTXLUHG�LQ�FRXSOLQJ�VHOHF�
WLRQ��UHVRQDQFH�IUHTXHQF\�RSWLPL]DWLRQ��
IDWLJXH�DQG�PHFKDQLFDO�VKRUW�FLUFXLW�UHVLV�
WDQFH��D[LDO�WUDLQ�G\QDPLFV��)LJXUH�����WRO�
HUDEOH�WKHUPDO�H[SDQVLRQ�RI�WKH����P�ORQJ�
WUDLQ���RYHUKDQJ��FRXSOLQJ�PDVVHV��DQG�WKH�
GHJUHH�RI�ODWHUDO�GHFRXSOLQJ�LQ�EHWZHHQ�WKH�
PRWRU�DQG�WKH�WZR�FRPSUHVVRUV��
,Q�FRPSDULVRQ�WR�DQ�RLO�EHDULQJ�V\VWHP��

$0%V�RIIHU�D�FOHDQ��RLO�DQG�FRQWDPLQD�
WLRQ�IUHH�V\VWHP�WKDW�LV�YLUWXDOO\�PDLQWH�
QDQFH�IUHH�ZLWK�QR�PHFKDQLFDO�ZHDU�SDUWV��

+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�$0%�V\V�
WHPV�UHTXLUH�D�GLIIHUHQW�VHW�RI�VXSSRUWLQJ�
DX[LOLDULHV�DQG�FRQWURO�HOHFWURQLFV�

6LQFH�FRPPLVVLRQLQJ�RI�WKH�SLORW�FRP�
SUHVVLRQ�WUDLQ�DW�*URQLQJHQ��WKH�$0%�V\V�
WHP�KDV�EHHQ�ZRUNLQJ�VDWLVIDFWRULO\��$YDLO�
DELOLW\�DQG�UHOLDELOLW\�¿JXUHV�IRU�WKH�SURWR�
W\SH�DSSOLFDWLRQ�DUH�DERYH�������LQ�WKH�
¿UVW�\HDU�RI�RSHUDWLRQ��
([SHULHQFH�LQ�FRPPLVVLRQLQJ�RI�WKH�

FRPSUHVVRU�WUDLQ�KDV�UHYHDOHG�WKH�SRWHQ�
WLDO�IRU�D�IXUWKHU�UHGXFWLRQ�LQ�WKH�FRPPLV�
VLRQLQJ�WLPH�E\�PHDQV�RI�D�FRQWDLQHU�
ZKLFK�KRXVHV�WHVWHG�DQG�SUH�FRPPLV�
VLRQHG�$0%�FDELQHWV��7KLV�FRQWDLQHU�
VROXWLRQ���)LJXUH���DQG����KDV�EHHQ�VXF�
FHVVIXOO\�DSSOLHG�IRU�D��VW�VWDJH�UHYDPS�RI�
DQRWKHU�*URQLQJHQ�SODQW�

$W� WKH� * URQLQJHQ� JDV� I LHOG �� WKH�
XSVWUHDP�WZR�$0%�GRXEOH�HQG�GULYH�
WKURXJK�FRPSUHVVRU�VROXWLRQ�LV�UHOLDEO\�
PD[LPL]LQJ�HFRQRPLF�UHWXUQV��:LWK�IDVW�
VWDUWV��PXOWLSOH�VWDUWV�SHU�\HDU��D�ODUJH�WXUQ�
GRZQ�UDWLR��DQG�D�UHTXLUHPHQW�IRU�D�ZLGH�
RSHUDWLRQDO�VSHHG�UDQJH��WKLV�DSSURDFK�
RIIHUV�D�VROXWLRQ�IRU�GHSOHWLQJ�JDV�ILHOG�
DSSOLFDWLRQV��DV�ZHOO�DV�IRU�SLSHOLQH�DQG�JDV�
VWRUDJH�DSSOLFDWLRQV��■

Dr. Rainer Gausmann is 
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Power & Gas Division, 

Compressor Product 

Development, in Duis-

burg, Germany. 

Frank Heidtmann is a 
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w i t h i n  t he  S i e me n s 
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Development, in Duis-
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energy

Figure 4: Ready-to-use container solution 

with AMB cabinets is air conditioned, 

suited to desert conditions, and 

adaptable to desired IP (international 

protection) rating defining the sealing 

effectiveness against intrusion from 

foreign bodies such as dirt and water.

Figure 5: Interior view of container

• Eliminate Oil Based Maintenance

• Maximize Uptime and Throughput

• Improve Speed Control

• Increase Safety and Reliability

• Fast Stroking Speeds

• Minimal Deadtime
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S
ervice-induced defects of steam tur-
bine (ST) rotors can begin in several 
areas. This includes at the surface, 
either peripheral areas, inside diam-

eter (ID) bore connected areas, dovetail 
areas under blading, and areas under 
shrunk-on disks. These service-related 
defects will propagate perpendicular to the 
stress that is induced during service. 

For example, bore circumferential or 
hoop stress can be caused by thermal and 
mechanical stresses during startup and 
operation. These stresses, in turn, induce 
axially oriented bore surface connected 
defects. Axial and bending stress applied 
on the shaft by thermal and mechanical 
forces will induce surface connected cir-
cumferentially oriented defects.  

NON-DESTRUCTIVE TESTING
CIRCUMFERENTIAL CRACKING OF 

STEAM TURBINE AND GENERATOR ROTORS
BY TEODORO LEON-SALAMANCA

Figure 2. DFLP rotor through wall indication from shaft OD to bore ID surface 

connected circumferential indication detected by VT and WFMT sized by Boreside UT 

(OD is 260 degrees long or 21.1 inches and ID is 51 degrees long or 1.5 inches).

Figure 1. HP-IP rotor showing three 

circumferential indications and closeups 

of Stage 1 visual testing and wet 

fl uorescent magnetic particle testing 

indications
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A study was conducted of twelve rotors 
WKDW�VKRZHG�VLJQL¿FDQW�VHUYLFH�UHODWHG�FLU-
cumferential defects. These rendered the 
rotors temporar ily unusable. Some 
required costly repair procedures before 
being returned to service. 
Others were completely 
retired from service. 

Out of the 12 rotors, 
seven were High Pressure—
Intermediate Pressure (HP-
IP), four were Double Flow 
Low Pressure (DFLP), and 
one was a generator rotor. All 
had a central bore manufac-
tured by a variety of OEMs.

Circumferential  
cracking causes
A combination of causes con-
tributed to this type of ser-
vice-induced defect. This 
includes: changing service 
duty cycle from base load to 
peak load; rotor misalign-
ment and unbalance; reach-
ing design fatigue life (30–40 
years of service); excessive 
amounts of manufacturing 
defects (non-metallic inclu-
sions, stringers); inappropri-
ate bore machining (not con-
centric); inappropriate over-
bore machining (small wall 
between bore transition and 
periphery); and fretting on 
rotor slots caused by rotor 
wedging (generator rotor). 

Figure 1 shows a photo 
of an HP-IP rotor with three 
areas containing circumfer-
ential crack-like indications, 
i.e., Stage 1, Stage 2 and 
Stage 4. Close-up photos of 
visual testing (VT) and wet 
ÀXRUHVFHQW�PDJQHWLF�SDUWLFOH�
testing (WFMT) of Stage 1 
are also shown. The damage 
was the result of cycling a 
rotor designed for base load duty.

Nondestructive  
evaluation
The conventional methods used for nonde-
structive evaluation (NDE) of a steam rotor 
periphery include visual testing (VT), wet 
f luorescent magnetic particle testing 
(WFMT), liquid penetrant testing (PT) and 
ultrasonic testing (UT). There are also 
more specialized NDE methods such as 
phased array ultrasonic testing (PAUT). 

There is also boresonics, which is per-
formed from a center bore on hollow rotors 
and include boreside VT, WFMT or eddy 
current testing (ET), and UT. Further 
methods include surface replication and 

hardness testing.  
Figure 2 shows a DFLP rotor with a cir-

cumferential crack-like indication detected 
by boreside VT, periphery WFMT and 
boreside UT. The indication initiated at the 

change in OD radius area and propagated 
through the thickness of the rotor shaft 
from the OD surface to the ID surface of 
the rotor bore. The damage was the result 
of having reached its design life as well as 
poor material properties.

Figure 3 shows a generator rotor with a 
circumferential crack-like indication 
detected visually by VT and sized by bore-
side UT 45-degree axial scanning. The 
generator rotor was reported as having 
increasingly larger amplitude vibration 
when the unit was in the startup process. 

The per ipheral VT examination 
revealed that the OD surface connected 
indication was 35 inches long and the 
boresonic examination revealed that the 

indication was about 2.5 inches from the 
bore ID surface. 

The crack-like indication apparently 
initiated at the generator rotor teeth dove-
tails by a combination of fretting fatigue 

damage caused by wedge 
movement combined with 
negative sequence event 
localized damage and large 
number of start-stop cycles. 
The indication propagated 
toward the f lex slot that 
aligned in the circumferen-
tial plane and radially toward 
the bore surface.

Circumferential-radial 
cracking can be generated by 
normal or high thermo-me-
chanical stress in steam tur-
bines and by fretting fatigue 
in generator rotors. In hollow 
rotors, it starts at the outside 
su r face and propagates 
inwards toward the bore 
inside diameter (ID) surface. 
If undetected at the onset, it 
can propagate until the rotor 
becomes unstable. Circum-
ferential-radial crack propa-
gation may cover part or all 
the outside surface. 

%DVHG�RQ�WKH�¿QGLQJV�RI�
these 12 rotors, the rotor 
owner as well as inspection 
companies must require 
100% periphery examination 
with emphasis in the follow-
ing areas:

•  For  H P-I P rotor s , 
examine the radius area 
between stages at the root of 
each disk, especially in the 
impulse stage and the first 
three IP stages.

•  For  DF LP ro tor s , 
examine the radius area from 
the last stage blading to the 
shaft extensions.

• For generator rotors, 
examine the rotor teeth dovetail loading 
VXUIDFH�RI�WKH�¿UVW�DQG�VHFRQG�VORWV�QH[W�WR�
the pole faces paying special attention in 
the area where individual wages meet and 
DOLJQ�ZLWK�WKH�URWRU�ÀH[�VORWV��■

Te odoro  Le on - S a l a -

manca Ph.D, is President 

of Reinhart & Associates, 

a company that has non-

destructively examined 

more than 1,000 steam 

turbine and generator 

rotors. Contributing authors: Mike Monaco, 

VP and Stan Kaminski VP. For more infor-

mation, visit reinhartassoc.com

Figure 3. Generator rotor circumferential indication extending 

35 inches on the OD surface and 2.5 inches from the bore surface.
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L
ube oil systems provide lubrication 
and cooling to gas turbines and other 
industrial equipment. In turboma-
chinery, they are important for hydro-

dynamic bearing performance. The system 
assists in dissipating or settling contami-
QDQWV��SURYLGLQJ�IRU�WHPSHUDWXUH�ÀXFWXD-
tions and storing oil.  

One of the main causes of lube oil sys-
WHP�IDLOXUH�LV�ORVV�RI�OXEULFDQW�ÀRZ��7KLV�
FDQ�OHDG�WR�H[FHVVLYH�ZHDU�DQG�SUHPDWXUH�
replacement of bearings. Accumulators act 
as a safeguard against such failures by 
providing a temporary supply of lube oil 
LQ�WKH�HYHQW�RI�ÀRZ�GLVUXSWLRQV��WKHUHE\�
SUHYHQWLQJ�D�SUHVVXUH�GURS�GXULQJ�D�SRZHU�
RXWDJH�RU�D�VZLWFKRYHU�EHWZHHQ�RLO�SXPSV��
Accumulators also help maintain a con-
stant oil pressure during temporary 
changes in demand.

Lube oil systems for turbomachinery 
FRQVLVW�RI�WKUHH�HOHPHQWV��D�KLJK�ÀRZ�UDWH�
pump, a reservoir and an accumulator. 
Lube Oil System Accumulators (LOSA) 
prevent bearing damage and increase bear-
ing life by supplying oil to the bearings 
ZKHQ�D�SRZHU�IDLOXUH�VKXWV�GRZQ�WKH�SXPS��
RU�ZKHQ�FKDQJLQJ�EHWZHHQ�WKH�SULPDU\�
and backup oil pump. 

An accumulator is a pressure vessel 
that stores oil and contains a mechanical 
PHDQV�RI�PDLQWDLQLQJ�SUHVVXUH�ZKHQ�WKH�
SXPS�VKXWV�GRZQ��WKXV�FXVKLRQLQJ�ÀXFWX-
ations in oils pressure. Accumulators differ 
on the type of mechanical means used, 
such as spring, gravity and gas load.

Spring accumulators use a spring-
loaded position in a cylinder. As the oil 
OLQH�SUHVVXUH�LQFUHDVHV��PRUH�RLO�ÀRZV�LQWR�
the cylinder and compresses the spring, 
ZLWK�WKH�VSULQJ�SUHVVXUH�PDWFKLQJ�WKH�
hydraulic pressure. 

7KHQ��ZKHQ�WKH�SUHVVXUH�GURSV��WKH�
spring forces the oil back out of the cylin-
der into the system. This kind of accumu-

lator has limited use in high-cycle applica-
tions, as the spring fatigues and loses its 
elasticity. In addition, they struggle to 
maintain a constant pressure. 

Gravity-loaded accumulators use 
ZHLJKWV�WR�GULYH�D�SLVWRQ�DQG�SURYLGH�WKH�
desired pressure. While these accumula-
tors achieve near constant pressure, they 
are larger, heavier and more costly than 
other types. 

Gas-loaded accumulators, on the other 
hand, use compressed gas to provide the 
necessary pressure. They can be divided 
LQWR�WZR�PDLQ�FDWHJRULHV��VHSDUDWRU�DQG�
non-separator accumulators. 

Non-separator accumulators do not 

KDYH�DQ\�EDUULHU�EHWZHHQ�WKH�JDV�DQG�WKH�
liquid. While this is the simplest design 
and can store the greatest amount of oil, 
WKH�GRZQVLGH�RI�QRQ�VHSDUDWRU�DFFXPXOD-
tors is that the f luid may absorb gas at 
high pressures, since there is no barrier 
separating gas from oil. As pressure 
drops, the absorbed gas forms bubbles in 
WKH�RLO��ZKLFK�PD\�FDXVH�IRDPLQJ�LQ�WKH�
oil resulting in damage to many compo-
nents of the system.

The better approach for LOSA applica-
WLRQV�LV�WR�XVH�D�EDUULHU�EHWZHHQ�WKH�JDV�DQG�
WKH�ÀXLG��VXFK�DV�D�UXEEHU�EODGGHU��7KLV�LV�
ZKHUH�WKH�VHFRQG�W\SH�RI�JDV�ORDGHG�DFFX-
mulator comes in—the bladder-type. It 

STREAMLINING THE  
LUBE OIL SYSTEM 
TRANSFER BARRIER ACCUMULATORS CAN SLIM DOWN  

YOUR LUBE OIL SKID AND PROTECT THE ENVIRONMENT
BY JOE CHEEMA

Standard Accumulator Transfer Barrier Design

OPERATIONS&MAINTENANCE
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consists of a metal cylinder containing a 
pressurized bladder. See footnote.  

,Q�DFFRUGDQFH�ZLWK�$3,�VWDQGDUGV��
these accumulators are made of 300 series 
VWDLQOHVV�VWHHO�DQG�FDQ�ZLWKVWDQG�PD[LPXP�
pressures of about 1,500 psi. Because of its 
KLJK�ÀH[LELOLW\�DQG�ORZ�ZHLJKW��WKH�EODGGHU�
KDV�D�UDSLG�UHVSRQVH�WLPH��DOORZLQJ�WKH�
accumulator to quickly compensate for 
pressure drops in the system and prevent 
damage to the bearings and other compo-
nents. This kind of accumulator forms the 
basis for the transfer barrier accumulator.

Slimming Down the Skid
Due to the volume of oil and the required 
DPRXQW�RI�I ORZ�� OXEH�RLO�VNLGV�RIWHQ�
accommodate multiple gas-loaded accu-
mulators to contain enough standby oil to 
keep the system functioning.

To enable the lube oil system to feed 
oil at rates of 400-500 gallons per minute, 
for example, at least 100 gallons of oil 
must be stored under high pressure. That 
may require 8 or 10 accumulators tied 
together to provide the necessary volume 
of oil. 

$�EHWWHU�VROXWLRQ�LV�WR�XVH�RQH�RU�WZR�
large transfer barrier accumulators on a 
lube oil skid to perform the same func-
tion. 

$V�ZHOO�DV�VHUYLQJ�DV�SDUW�RI�D�OXEH�RLO�
skid for a turbine, transfer barrier accu-
PXODWRUV�FDQ�EH�XVHG�ZLWK�WXUERH[SDQGHUV�
and compressors. 

A further use is for storage of dis-
FDUGHG�ÀXLGV²RQFH�WKH�WDQN�LV�IXOO��WKHVH�
ÀXLGV�FDQ�EH�SXPSHG�RXW��)RU�H[DPSOH��
this kind of accumulator is currently used 
for sub-sea drilling of oil. Once the accu-
PXODWRU�¿OOV�XS�ZLWK�GLVFDUGHG�ÀXLGV��WKH\�
can be pumped to the ocean surface for 
safe environmental disposal. 

)XUWKHU��WUDQVIHU�EDUULHU�DFFXPXODWRUV�
DUH�XVHG�LQ�DSSOLFDWLRQV�ZKHUH�WZR�ÀXLGV�
PXVW�WUDQVIHU�SUHVVXUH�ZLWKRXW�PL[LQJ�WKH�
ÀXLGV�WRJHWKHU��)RU�H[DPSOH��ZDWHU�ZRXOG�
be used on the inside and oil on the out-
side of the bladder, or alternatively clean 
RLO�ZRXOG�EH�RQ�RQH�VLGH�DQG�GLUW\�RLO�RQ�
the other. Transfer Barrier accumulators 
can also be used to cycle different pres-
VXUL]HG�ÀXLGV�LQ�DQG�RXW�RI�FKDPEHUV�

Their design enables them to deal 
ZLWK�WZR�GLIIHUHQW�W\SHV�RI�ÀXLG�DQG�WR�
transfer pressure and a small amount of 
volume from one medium to another. As 
such, these accumulators can be used as 
a substitute for a hydraulic pump for 
WUDQVIHUULQJ�RU�WUDQVPLWWLQJ�ÀXLGV��ZLWK�
the bladder being operated as a piston to 
OHW�D�ÀXLG�ÀRZ�LQWR�DQG�RXW�RI�WKH�DFFX-
mulator intermittently. 

The transfer barrier accumulator has 
D�JDV�ERWWOH�RQ�WKH�VLGH�ZKLFK�DOORZV�WKH�
gas to be removed from inside the accu-

mulator via an opening at the top of the 
bottle. When a backup gas bottle is 
included, the transfer barrier accumulator 
can supply a large volume of fluid even 
ZKHQ�WKH�V\VWHP�SUHVVXUH�GLIIHUHQFH�LV�ORZ�

<HW�DQRWKHU�DSSOLFDWLRQ�LV�NQRZQ�DV�WKH�
B-type transfer barrier accumulator. It is 
XVHG�WR�WUDQVPLW�SUHVVXUH�EHWZHHQ�GLVVLP-
LODU�ÀXLGV��$�WXEH�LQVHUWHG�LQWR�WKH�EODGGHU�
KDV�PDQ\�KROHV��7KLV�SUHYHQWV�ÀXLG�IURP�
DWWDFNLQJ�RQH�VSRW�RI�WKH�EODGGHU�LQQHU�ZDOO�
and protects the bladder from damage. ■

Footnote: American Petroleum Institute (API) Stan-

dard 614/ISO 10438 covers lubrication systems, as 

well as ASME Pressure Vessel and Boiler Code, Sec-

tion VIII, DIV. 1. 

Joe Cheema is General Man-

ager at Fluid Energy Controls, 

a provider of accumulators 

DQG�ÀXLG�SRZHU�SURGXFWV��)RU�

PRUH�LQIRUPDWLRQ��YLVLW�IHFLQWO�

com or call Tel: 323-721-0588

www.waukeshabearings.com/tco

0DJQHWLF�%HDULQJ�(IÀFLHQFLHV�$UH�:LWKLQ�<RXU�5HDFK

LOWER YOUR TOTAL 
COST OF OWNERSHIP

Waukesha Magnetic Bearings introduces 

DQ�LQGXVWU\�ÀUVW�RQ�VNLG�FRQWUROOHU�

)RU�PRUH�WKDQ����\HDUV��:DXNHVKD�0DJQHWLF�%HDULQJV® has provided life-cycle cost 

savings for turbomachinery – by eliminating auxiliary equipment, lowering energy 

consumption, minimizing maintenance, and maximizing reliability. 

2XU�$XWRPDWHG�&RPPLVVLRQLQJ�IXQFWLRQ�DQG�UHPRWH�FRQQHFWLYLW\�KDYH�DOORZHG�

customers to speed up commissioning, monitor and tune machine performance,  

and reduce specialist services, all  

while spending less time on-site.

Now, our continued technological  

advances are increasing the  

scalability of magnetic bearing  

systems and making these savings  

available to more customers than  

ever before. 
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Dr. Kang Ju Lee, Techni-

cal Sales Leader for Asia 

Pacif ic at Aveva, dis-

cusses asset performance 

management, digitaliza-

tion, augmented reality, 

and the company’s recent 

merger with Schneider Electric’s industrial 

software business. 

Tell our readers about Aveva. 
Aveva is a global leader in engineering and 
industrial software driving digital transfor-
mation across the asset and operational 
lifecycle of capital-intensive industries. 
The company’s engineering, planning and 
operations, asset performance, and moni-
toring and control solutions serve over 
16,000 customers across the globe. 

Our customers are supported by an 
industrial software ecosystem that includes 
������SDUWQHUV�DQG�������FHUWL¿HG�GHYHORS-
ers. Aveva is headquartered in Cambridge, 
UK, with over 4,400 employees at 80 loca-
tions in over 40 countries.

What is the latest news? 
Schneider Electric recently merged its 
industrial software business with Aveva. 
This integrates Aveva’s design, engineer-
ing and construction capabilities with 
Schneider Electric’s industrial software 
business, which includes capabilities that 
range from simulation to real-time manu-
facturing operations management. It cre-
ates a path to digitalization from concep-
tual design to commissioning, and from 
operations back to revamps. Customers 
can benefit from improved profitability, 
HI¿FLHQF\�DQG�SHUIRUPDQFH�

How important is digitalization? 
Some 88% of leaders in capital-intensive 
industries say that digitalization would 
increase their revenues. Yet less than half 
of these companies are in the process of 
adopting a digital strategy. Digitalization 
demands a fundamental rethink of the way 
organizations operate. Companies need to 
EH�FRQ¿GHQW�WKDW�WKHLU�WHFKQRORJ\�LQYHVW-
ment will deliver a high return on capital 
and lower the total cost of asset ownership. 

What do you offer the  
turbomachinery industry? 
Turbomachinery is critical to any oil and 
gas facility. Due to the asset-intensive 
nature of the industry, any slight improve-

ment in asset utilization can result in a 
KXJH�JDLQ�LQ�UHYHQXH�DQG�FDVKÀRZ��7KHUH-
fore, keeping these operating assets run-
ning with minimum unplanned outages is 
NH\�WR�LPSURYLQJ�SUR¿WDELOLW\�DQG�PD[L-
mizing returns on projects. However, 
maintaining uptime can get harder over 
time due to changes in loading profiles 
when oil and gas production rates decline. 
$YHYD�RIIHUV�D�ZD\�WR�PD[LPL]H�XSWLPH��

How is this achieved? 
Our Predictive Asset Analytics solution 
enables modelling of equipment perfor-
mance using pattern recognition and 
machine learning algorithms to identify 
and diagnose potential operating issues 
days or weeks before failures happen. 
Operating models, including past loading, 
ambient and operational conditions, are 
created through advanced process model-
ling and simulation. 

An asset signature is created for tur-
bines, compressors, pumps or any other 
critical piece of equipment. Real-time 
operating data is compared against these 
models to detect subtle deviations from 
H[SHFWHG�HTXLSPHQW�EHKDYLRU��DOORZLQJ�
reliable and effective monitoring of dif-
ferent types of equipment with no pro-
gramming required. Early warning noti-
fication allows reliability and mainte-
nance teams to assess, identify and 
resolve the problems.

In what other ways can asset 
performance management assist 
turbomachinery operators? 
$V�RLO�DQG�JDV�SURGXFWLRQ�¿HOGV�DUH�RIWHQ�
in remote locations, it can be challenging 
to inspect and maintain non-instrumented 
assets. Having accurate data and informa-
tion available is the foundation to optimiz-
ing asset performance. Our Mobile Oper-
ator Rounds leverage a platform to facili-
tate inspections and reliability checks of 
assets in a thorough and fully verifiable 
manner, delivering the data you need to 
keep your assets productive and operating 
DW�SHDN�HI¿FLHQF\�

What best practices  
do you recommend? 
Implementing asset performance manage-
ment solutions can greatly assist in tur-
bomachinery operations and maintenance. 
Whether the maintenance and operations 
team has a maintenance strategy in place 

today, or is looking to implement a more 
robust and holistic solution, there are tool-
sets available in the market, such as condi-
tion-based maintenance, predictive analyt-
ics and mobile solutions to empower the 
workforce. 

Predictive analytics software uses pat-
tern recognition and machine learning for 
early warning detection and diagnosis of 
equipment problems to prevent failures and 
ensure high performance.

What trends do you see driving 
companies to digitalize their 
asset management?
Ageing demographics within the industrial 
sector is leading to a scarcity of skilled 
workers to properly maintain specialized 
equipment. Thus, companies are seeking 
GLJLWDO�VROXWLRQV�WR�HQDEOH�PRUH�HI¿FLHQW�
monitoring of specialized equipment with 
fewer skilled workers. 

In addition, technology evolution, via 
the Internet of Things (IOT), big data, 
cloud infrastructure, analytics and mobil-
ity, is in high demand. Companies in the 
turbomachinery sector view these technol-
ogies as a way to reduce costs and to take 
RSHUDWLRQDO�HI¿FLHQFLHV�WR�WKH�QH[W�OHYHO�

What trends do you see 
developing in asset management?
There is growing adoption of augmented 
reality (AR) and virtual reality (VR) in 
training. Unlike a traditional classroom 
environment, VR facilitates interaction 
between equipment and the environment, 
as well as providing a simulation close to 
actual conditions.

This accelerates the transfer of knowl-
edge and rapid learning of best practices. 
Operators can practice operating procedures 
RI�UHDO�H[SHULHQFHV�XQWLO�WKH\�DFKLHYH�SHU-
IHFW�H[HFXWLRQ�LQ�D�VDIH�DQG�FRQWUROOHG�FODVV-
room environment. Trainees get up to speed 
earlier with better retention and can hit the 
ground running in a production setting.

How applicable could  
this be to maintenance? 
Utilization of AR technology in mainte-
nance activities allows field operators to 
quickly access and visualize performance 
data of the operating assets at a remote site. 
This facilitates inspection and troubleshoot-
LQJ�ZLWKRXW�WKH�QHHG�WR�UHO\�RQ�LQHI¿FLHQW�
communications to get information from 
the DCS operators at the control room. ■

ASSET PERFORMANCE MANAGEMENT, ANALYTICS, 
DIGITALIZATION AND AUGMENTED REALITY

Q&A
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GE turbine upgrade
GE Power and Vattenfall Wärme Berlin (a 
subsidiary of Swedish utility Vattenfall 
AB) announced the new MXL2 with Addi-
tive Manufactured Performance (AMP). 
This is an upgrade for GE’s GT13E2 GT 
that uses 3D printed components. The 
addition of additive manufactured parts 
into the MXL2 solution can help gas plant 
power producers to save in fuel costs.

The new MXL2 with AMP compo-
QHQWV�DUH�PDGH�ZLWK�D�OLJKWZHLJKW�FRQ¿J-
uration and can be engineered to include 
advanced cooling channels. This helps the 
GT run more efficiently. The first-stage 
turbine vanes and heat shields are among 
the turbine’s hottest-running components, 
and typically required for cooling air. 
Additive printing allows GE to use cooling 
designs that reduce the amount of cooling 
air the parts need, improving the turbine’s 
performance. 

This upgrade to the GT13E2 can reduce 
component cooling requirements by up to 
25%, raise output up to 21 MW in com-
ELQHG�F\FOH�FRQ¿JXUDWLRQ��ERRVW�HI¿FLHQF\�
by up to 1.6% and extend maintenance 
intervals up to 48,000 hours. The AMP 
upgrade has contributed to an electrical 
power increase of 21 MW and about 4 MW 
of thermal heat generation at Vattenfall’s 
Heizkraftwerk Berlin-Mitte facility.
Gepower.com 

New Metrix system
Metrix has launched a new version of the 
Digital Proximity System (DPS), Version 
1.35. It can replace the proximity sensors 
at an entire plant, has universal spare parts 
and free software. A multitude of older 

probe systems, cable lengths, and target 
materials can be replaced with a Metrix 
DPS. It allows the user to change the con-
¿JXUDWLRQ�LQ�WKH�¿HOG�IRU�XVH�ZLWK�DQ\�0HW-
rix, or major competitor, proximity probe 
and cable.

The Metrix DPS combines the perfor-
mance of an API 670 compliant eddy-cur-
rent proximity measurement system with 
GLJLWDO�FRQ¿JXUDELOLW\��8VHUV�FDQ�FRQ¿JXUH�
WKHLU�WUDQVGXFHU�V\VWHP�LQ�WKH�¿HOG�XVLQJ�D�
field-generated curve as well as factory 
SUH�FRQ¿JXUHG�FDOLEUDWLRQV�IRU�D�YDULHW\�RI�
probe tip diameters, manufacturers, exten-
sion cable lengths, target materials, and 
linear ranges.
Metrixvibration.com 

Diverter damper
Boldrocchi has completed in-house test-
ing at its facility near Milan, Italy, of 
functional testing for a new large 7m × 7m 
(23' × 23') diverter damper for a GT, one 
of three such units to be delivered shortly. 
Customers from GE Power, Ansaldo 
Energia, Saipem, Edison and Nooter Erik-
sen were on hand to witness the success 
of the test. 

The diverter damper has a three-way 
valve that discharges exhaust gas from the 
GT, either into the atmosphere via a 
by-pass stack or into a Heat Recovery 
Steam Generator (HRSG). As well as high 
capacity, it surpasses the norm in terms of 
geometrical sealing, sealing pressure and 
closing time, while reducing maintenance 
and easing transportation and assembly. 
This new diverter also allows for a rapid 
transition from single cycle to combined 
cycle systems.

This large diverter damper is designed 
to withstand temperatures of up to 700 °C 
(1,300 °F), vibrations and gas turbulence, 
as well as elevated wear of components. 
The geometrical seal around the perimeter 
is more than 99.95 % effective. 

The sum of all residual gaps in the free 
air passage section is less than 0.05% (less 
WKDQ�������IRU�WKLV�VSHFL¿F�DSSOLFDWLRQ���
This percentage is the measure of the resid-
ual leakage areas between the blade and 
the landing bar, along the entire blade 
perimeter. 

The diverter is equipped with an 
air-sealing system which allows the sealing 
degree on exhaust gases to equal 100 % 
(full tightness). The air-sealing pressure is 
> + 500 mm wc, whereas OEMs only 
require +50 mm wc. 

Boldrocchi’s diverter is equipped with 
hydraulic actuators, giving it a normal 
operation time of less than 60 seconds and 
an emergency closing time of less than 20 
seconds. However, the diverter has been 
engineered and manufactured to obtain 
even shorter actuation times.

The sealing lamellas (the strength 
point) have, on some applications, lifetimes 
of up to 10 years. Additional benefits 
include self-lubricated, high temperature, 
maintenance-free internal bearings as well 
as a solution for internal thermal-acoustic 
insulation. The diverter is pre-assembled 
in a few pieces or can be delivered fully 
assembled (in one single part). It is engi-
neered for easy installation under single 
cycle exhaust stacks, instead of existing 
bend ducts. 
boldrocchigroup.com

Continued on page 40

John Crane Gas Seal Technology 
Reduces Methane Emissions
John Crane has launched its latest gas 
VHDO�WHFKQRORJ\�GHVLJQHG�WR�EH�UHWUR¿WWHG�
into centrifugal compressors with oil 
seals. It lowers operating costs, improves 
reliability and reduces methane emis-
sions by up to 95%.

The Aura 120 narrow section gas seal 
HQDEOHV�WKLV�WHFKQRORJ\�WR�EH�¿WWHG�LQWR�D�
larger percentage of older equipment, 
EULQJLQJ�WKH�EHQH¿WV�RI�QRQ�FRQWDFWLQJ�
design. It eliminates the need for oil 
lubrication associated with contacting 
seals and the resulting need to address 
harmful emissions entrapped in the oil. 
In the natural gas sector, centrifugal 
compressors equipped with oil seal tech-
nology are the leading source of offshore 
methane emissions and the fourth most 
VLJQL¿FDQW�RQVKRUH��

John Crane has developed a lifecycle 
cost calculator (LCC) that provides an 

analysis of the economic case for 
retrofit from oil seals to gas 
seals. The LCC takes opera-
tional data from rotating equip-
ment and compares the lifecycle 
FRVWV�RI�WKH�RLO�VHDO�RSHUDWLRQʊ
LQFOXGLQJ�HPLVVLRQVʊZLWK�WKH�
option of capturing the methane 
and routing to a f lare device, 
capturing the methane and rout-
ing for another purpose, and ret-
UR¿WWLQJ�WR�JDV�VHDO�WHFKQRORJ\��

Converting to gas seal tech-
nology provides economic pay-
back in a variety of scenarios, particu-
larly when there is no spare compression 
and the operator owns the natural gas 
ÀRZLQJ�WKURXJK�WKH�FRPSUHVVRU�

Earlier this year, John Crane was 
LQYLWHG�E\�D�8QLWHG�1DWLRQV��81��SDQHO�
WR�VKRZFDVH�KRZ�WKH�¿UP¶V�WHFKQRORJ\�LV�
reducing methane emissions in the natu-
ral gas industry. The panel is examining 

the critical role gas will play in achieving 
Sustainable Development Goals. It estab-
lished a taskforce to develop best practice 
guidance on reducing methane emissions 
along the gas value chain. Pioneered by 
John Crane, gas seal technology became 
widely available in the 1980s. It is the 
industry standard for all new equipment.
johncrane.com

John Crane Aura 120 narrow section gas seal

NEWPRODUCTS
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Machinery protection
Machine monitoring specialists Sensonics 
have introduced measurement algorithm 
options for its Sentry G3 machinery pro-
tection monitor, which operates as a tur-
bine supervisory system. The Sentry G3 
system provides machine protection to the 
API670 standard, and a range of program-
mable algorithms in each module to enable 
plant engineers to identify abnormal con-
ditions and better manage the dynamic 
behaviour of their rotating plant. 

It consists of one module type for all 
PHDVXUHPHQWV�WR�LPSURYH�ÀH[LELOLW\�DQG�
minimize spares holding. Algorithms can 
EH�ORDGHG�DQG�FRQ¿JXUHG�LQ�DQ\�FKDQQHO�
position to provide the required measure-
ment regime. The recent focus has been to 
SURYLGH�JDV�WXUELQH��*7��VSHFL¿F�PHDVXUH-
PHQWV��VXFK�DV�¿UVW�RUGHU�YLEUDWLRQ�WUDFN-
ing and dynamic pressure which are both 
requirements recommended by GT manu-
facturers. In addition, the speed algorithm 
has also been optimized to accept a wider 
range of speed probes.
sensonics.co.uk

Gas compressor
Vacuum pump and compressor systems 
specialist Pneumofore has launched its new 
line of K Series rotary vane gas compres-

sor solutions. They are designed for indus-
trial gas treatment and processing applica-
tions. With 2.5bar(g) to 10bar(g) pressure 
and up to 2,690m3/h, the K Series cover 
the gas compression requirements of many 
industries, from the oil and gas and energy 
sectors to chemicals, from the metal indus-
try to food processing. 

The K Series’ design meets stringent 
safety criteria. These compressors are cer-
WL¿HG�IRU�H[WUHPH�DQG�H[SORVLYH�HQYLURQ-
ments according to the Atex directive for 
Zone 1 (Atex II 2/2G). They handle a wide 
range of gases, including methane (CH4), 
ethane (C2H6), carbon dioxide (CO2), nitro-
gen (N2), biogas and natural gas.
Pneumofore.com 

Position sensor 
NewTek Sensor Solutions has introduced a 
miniaturized series of AC-operated posi-
tion sensors with a lightweight and com-
pact 3/8" diameter size that provides reli-
able linear position feedback in rugged 
industrial applications with tight space and 
weight restrictions. Resistant to harsh and 
high-pressure environments, the NewTek 
M-375 Series Miniature AC LVDTs pro-
vide high response dynamic measurement 
for machine operations. They can serve in 
the aerospace, oil & gas and manufactur-

ing industries.  With a corrosion-resistant, 
nickel-iron alloy housing and core, the sen-
sors operate in temperature extremes of  
–65°F to +275°F (–55°C to +°135C), with 
optionally extended ranges of –65°F to 
400°F (55°C to 204°C ).
newteksensors.com

Flame sensor
Pyreos has announced enhanced perfor-
mance and a digital interface for its TO-39 
SDFNDJHG�ÀDPH�VHQVRUV�ZLWK�WKH�LQWURGXF-
tion of the ezPyro TO Flame Sensor. It 
will have wider applications in industrial 
settings than analogue equivalents in the 
same package because it has better detec-
WLRQ�GLVWDQFH��,W�DOVR�KDV�D�JUHDWHU�¿HOG�RI�
view than an equivalent digital sensor 
offered in a surface-mount package, 
enabling it to sense larger areas. It couples 
the Pyreos thin-film PZT pyroelectric 
sensors with integrated readout circuitry 
and a digital communications bus. 
pyreos.com

Pressure relief valve 
Cortec has introduced its new CRV26 Pres-
sure Relief Valve (PRV). The CRV26 PRV is 
engineered to protect drilling systems 
against the dangers of over pressurization 
DQG�LV�WKH�¿UVW�RI�LWV�NLQG�WR�EH�UDWHG�WR��������
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PSI systems. It is suitable for frac system 
relief, mud pump relief and managed pres-
sure drilling (MPD) and is compatible with 
API 6A and NACE MR0175 requirements. 
uscortec.com 

Fluid analysis 
6SHFWUR�6FLHQWL¿F�KDV�LQWURGXFHG�7UX9X�
360 Enterprise Fluid Intelligence Platform, 
D�ZHE�EDVHG�ÀXLG�DQDO\VLV�GDWD�PDQDJH-
PHQW�V\VWHP��,W�VWUHDPOLQHV�WKH�ÀXLG�DQDO-
ysis process. Closing the gap between 
maintenance recommendations on the oil 
analysis report and the impact on continu-
ous process improvement. It provides a 
dashboard, so management can see the 
effectiveness of the program. TruVu 360 
integrates Spectro’s MiniLab on-site oil 
analysis hardware used in industrial appli-
cations in manufacturing, mining, oil & 
gas and power generation. 
Spectrosci.com 

Elastomer for pumps
Stronghold Coatings RepaCoat family of 
products are ideal for the sealing and repair 
of pumps. RepaCoat FX is a permanently 
elastic two-component polyurethane elas-
tomer that is fast-curing, wear and abrasion 
resistant, and is easily applied on-site. It is 
temperature resistant to 120°C (248°F) 
continuous and 160°C (320°F) peak. It is 
resistant to aggressive environments and 
provides full elastic recovery even after 
multiple elongations and compression 
loading. With Venturi sprayers, RepaCoat 
FX allows economical, on-site application, 
making it is ideal for use on gaskets, con-

veyor belts, rollers, expansion joints, 
bridge piers, pipes and elbows, tubes, 
pumps, impellers, tanks, silos, and more.  
strongholdone.com

Bluetooth sensor 
ITT Industrial Process has released a 
Bluetooth i-Alert Monitoring sensor port-
folio for rotating machines. The latest 
product improves battery performance, 
enables programmable monitoring inter-
vals to detect faster transient fault condi-
tions, and expands monitoring coverage to 
slower speed machines (such as cooling 
tower applications, air-cooled heat 
exchangers and large slow-speed pumps). 
It enables users to continuously monitor 
all types of machines.
itt.com

Siemens GT upgrade
Siemens has introduced a new SGT-800 
performance enhancement that is applica-
ble to all existing SGT-800 units with 
43–47.5-MW ratings. The upgrade is 
designed to provide owners and operators 
with fuel savings and CO2 emissions reduc-
tion. It offers up to a 3.5% increase of sim-
SOH�F\FOH�HI¿FLHQF\�DQG�XS�WR�DQ�DGGLWLRQDO�
10 MW. For combined cycle applications, 
the enhancement could result in a power 
increase of more than 20 MW and a 3.5% 
lower heat rate, based on a combined cycle 
2 × SGT-800 and one steam turbine (ST). 

This upgrade is infusing the compo-
nents included in the later versions of the 
SGT-800 (50.5–54 MW). An improved 
compressor blade design is included for 

increased aerodynamic performance, as 
ZHOO�DV�RSWLPL]HG�JDV�SDWK�PDVV�ÀRZ�DQG�
component cooling in the turbine section. 
The combined upgrades are designed to 
produce only a moderate increase in com-
EXVWLRQ�FKDPEHU�¿ULQJ�WHPSHUDWXUH��7KH�
upgrade is preferably installed in conjunc-
tion with a scheduled major overhaul. 

Siemens is also recommending a move 
IURP�WKH�WUDGLWLRQDO�¿[HG�LQWHUYDO�PDLQWH-
nance based on Equivalent Operating 
Hours (EOH) to tailored maintenance plans 
in conjunction with this upgrade. A Flex-
LTP with a tailored maintenance plan gives 
XVHUV�DFFHVV�WR�VSHFL¿F�2(0�NQRZOHGJH�
and optimization technologies that can also 
support extended time between overhauls.
www.siemens.com/energy

Mass flow meter
AW-Lake and KEM have expanded their 
Tricor line of Coriolis mass flow meters 
with the addition of TCD 9000 Series 
Transmitters that incorporate digital signal 
processing (DSP). The TCM Classic Series 
meets general industrial requirements out 
of the box while the TCMP Pro Series 
offers environmentally hardened units with 
DGYDQFHG�SHUIRUPDQFH�VSHFL¿FDWLRQV�DQG�
diagnostic capabilities for operation in 
challenging environments. The new TCD 
9000 Series offers greater robustness, per-
formance, diagnostics, and connectivity 
options. With an HMI interface and a 
stronger logging, the DSP transmitters pro-
YLGH�XVHUV�ZLWK�D�FRQ¿JXUDWLRQ�DQG�DQDO\-
sis tool.
WULFRUÀRZ�FRP�■
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A
OPRVW�DOO�ÀXLG�¿OP�OXEULFDWLRQ�
DSSOLFDWLRQV�LQ�WXUERPDFKLQHU\�
XVH�K\GURG\QDPLF���LQ�WKH�FDVH�
RI�RLO��RU�DHURG\QDPLF��LQ�WKH�

FDVH�RI�JDV��EHDULQJ�WHFKQRORJ\��7KLV�
W\SH�RI�OXEULFDWLRQ�XVHV�WKH�UHODWLYH�
VKHDU�EHWZHHQ�WKH�EHDULQJ�IDFHV�DQG�WKH�
URWRU�WR�GUDJ�OXEULFDWLRQ�LQWR�WKH�QDWXUDO�
ZHGJH�VKDSHG�JDS�WKDW�IRUPV�EHWZHHQ�
WKHP��

7KH�RWKHU�W\SH�RI�ÀXLG�¿OP�EHDULQJ�
LV�D�K\GURVWDWLF�RU�DHURVWDWLF�EHDULQJ��
7KLV�EHDULQJ�FUHDWHV�OLIW�HYHQ�DW�]HUR�
530�DV�LW�HPSOR\V�DQ�H[WHUQDO�SUHV�
VXUH�VRXUFH�DQG�VRPH�W\SH�RI�UHVWULF�
WLRQ�RU�FRPSHQVDWLRQ�WR�FUHDWH�D�SUHV�
VXUL]HG�¿OP�RI�JDV�WR�FDUU\�WKH�ORDG��

Dry gas seals
'*6�DUH�IDFH�VHDOV�WKDW�XVH�PDFKLQH�
ZRUN�RU�HWFKLQJ�WR�FUHDWH�JURRYHV�LQ�WKH�
IDFHV��7KHVH�JURRYHV�SXPS�JDV�LQWR�WKH�
JDS� I URP� WKH�KLJK�SUHVVXUH� VLGH� WR�
LQFUHDVH�SUHVVXUH��

'*6�DUH�DOVR�EDODQFHG��+\GURG\QDPLF�
SXPSLQJ�JURRYHV�LQ�WKH�IDFH�RI�WKH�VHDO�
FUHDWH�HQRXJK�H[WUD�SUHVVXUH�LQ�WKH�JDS�WR�
NHHS�IDFHV�IURP�WRXFKLQJ��'*6�KDYH�YLU�
WXDOO\�UHSODFHG�DOO�RLO�VHDOV�LQ�QHZ�FRP�
SUHVVRU�EXLOGV��

6KHDU�ORVVHV�LQ�ÀXLG�¿OP�OXEULFDWLRQ�
DUH�D�FXEHG�IXQFWLRQ�RI�WKH�JDS��9HU\�
VPDOO�JDSV�FDQ�JHQHUDWH�D�ORW�RI�VKHDU�KHDW��
HYHQ�LQ�JDVHV��7KHUHIRUH��'*6�VHDO�IDFHV�
DUH�RIWHQ�PDGH�IURP�ULJLG�DQG�WKHUPDOO\�
VWDEOH�VLOLFRQ�FDUELGH�WR�NHHS�WKHP�ÀDW��,I�
WKH�JDV�JDS�LV�RQO\�D�IHZ�PLFURQV��WKH�UHO�
DWLYH�ÀDWQHVV�QHHGV�WR�UHPDLQ�OHVV�WKDQ�WKH�
JDV�JDS��7KLV�LV�KLJKHU�XQLW�ORDGLQJ�WKDQ�
FDQ�EH�DFKLHYHG�ZLWK�K\GURG\QDPLF�RLO�
EHDULQJV�

Foil bearings
)RLO�EHDULQJV�DUH�DQRWKHU�W\SH�RI�JDV�EHDU�
LQJ�WKDW�HPSOR\�DHURG\QDPLF�OXEULFDWLRQ��
7KH�¿UVW�SURGXFWLRQ�IRLO�JDV�EHDULQJV�ZHUH�
GHYHORSHG�IRU�WKH�'&����LQ�������7RGD\��
YLUWXDOO\�HYHU\�PHGLXP�WR�ODUJH�DLUFUDIW�
XVHV�WKHP��
)RLO�JDV�EHDULQJV�KDYH�VKRZQ�ORQJ�

WHUP�UHOLDELOLW\��0DQ\�KDYH�GHPRQVWUDWHG�
RSHUDWLRQ�RQ�RWKHU�ZRUNLQJ�ÀXLGV�VXFK�DV�
K\GURJHQ��UHIULJHUDQWV��OLTXLG�R[\JHQ�RU�
VXSHUFULWLFDO�&2

2
��7KH�DELOLW\�WR�RSHUDWH�DW�

FU\RJHQLF�RU�KLJK�WHPSHUDWXUHV�LV�DQRWKHU�
DGYDQWDJH��*DVHV�DOVR�WDNH�KHDW�EHWWHU�WKDQ�
RLO��DQG�GR�QRW�FKDQJH� WKHLU�YLVFRVLW\�

PXFK��)RLO�EHDULQJV�DUH�FRPPRQO\�XVHG�LQ�
EORZHUV�IRU�ZDWHU�WUHDWPHQW�SURFHVVHV��VXE�
PHJDZDWW�JDV�WXUELQHV�DQG�WXUER�FKDUJHUV�
%XPS�DQG�RYHUOHDI�DUH�WKH�PRVW�FRP�

PRQ�W\SHV�RI�IRLO�EHDULQJV��7KH�EXPS�IRLO�
EHDULQJ��%)%��FRQVLVWV�RI�D�WKLQ�ÀDW�SLHFH�
RI�VSULQJ�VWHHO�VWDPSHG�WR�KDYH�EXPSV��$�
WRS�IRLO�LV�LQVHUWHG�LQWR�WKH�,'�DQG�LV�VXS�
SRUWHG�E\�WKH�EXPSV��,QVWHDG�RI�D�FRQWLQ�
XRXV�WRS�IRLO��WKH�RYHUOHDI�HPSOR\V�VHSD�
UDWH��VWLIIHU�RYHUODSSLQJ�OHDYHV�ZLWK�ORQJHU�
EHQGLQJ�PRPHQWV�IRU�ORZ�VWLIIQHVV�RYHU�D�
ODUJHU�UDQJH�

Aerostatic lubrication
$HURVWDWLF�RU�H[WHUQDOO\�SUHVVXUL]HG�JDV�
EHDULQJV�FDQ�SURYLGH�OLIW�HYHQ�DW�]HUR�
530��$OWKRXJK�WKH\�GR�QRW�KDYH�ILQH�
SXPSLQJ�JURRYHV�OLNH�G\QDPLF�EHDULQJV��
WKH\�UHTXLUH�VRPH�W\SH�RI�UHVWULFWLRQ�IRU�
PHWHULQJ�WKH�JDV�LQWR�WKH�JDS��$LU�SUHVVXUH�
LV�LQWURGXFHG�GLUHFWO\�EHWZHHQ�WKH�EHDULQJ�
VXUIDFHV�WKRXJK�KROHV��RUL¿FHV��JURRYHV��
VWHSV�RU�SRURXV�FRPSHQVDWLRQ�WHFKQLTXHV��
&RPSHQVDWLRQ�HQDEOHV�EHDULQJ�IDFHV�WR�

UXQ�FORVH�WRJHWKHU�ZLWKRXW�WRXFKLQJ��7KH�
FORVHU�WKH\�EHFRPH��WKH�KLJKHU�WKH�JDV�
SUHVVXUH�UHSHOOLQJ�WKH�IDFHV��8QGHU�D�JDV�
EHDULQJ��WKH�DYHUDJH�SUHVVXUH�LQ�WKH�JDS�
HTXDOV�WKH�ORDG�RQ�WKH�EHDULQJ�GLYLGHG�E\�
WKH�IDFH�DUHD��XQLW�ORDGLQJ���,I�WKH�VRXUFH�
JDV�SUHVVXUH�LV�����SVL��WKH�VHDO�IDFH�KDV�
��VT�LQ��RI�DUHD�DQG�WKHUH�LV�����OEV��RI�
ORDG��WKHUH�ZLOO�EH����SVL�LQ�WKH�EHDULQJ�
JDS��,I�WKH�ORDG�LQFUHDVHV��WKH�JDS�UHGXFHV�
DV�WKHUH�LV�D�UHVWULFWRU�EHIRUH�WKH�JDS�

2ULILFH�FRPSHQVDWLRQ�LV�WKH�PRVW�
ZLGHO\�XVHG��2UL¿FHV�DUH�SODFHG�RQ�WKH�
EHDULQJ�IDFH�DQG�DUH�RIWHQ�FRPELQHG�
ZLWK�JURRYHV�WR�GLVWULEXWH�WKH�SUHVVXU�
L]HG�DLU�DFURVV�WKH�IDFH��,I�WKH�IDFH�
EHFRPHV�VFUDWFKHG��WKH�DLU�WKDW�HVFDSHV�
PD\�EH�PRUH�WKDQ�WKH�RUL¿FH�FDQ�VXS�
SO\��OHDGLQJ�WR�FRQWDFW�RU�FUDVK��7KH\�
FDQ�DOVR�EH�SODJXHG�E\�FRQWDPLQDWLRQ��

Porous compensation
7KH�LGHDO�JDV�EHDULQJ�GHVLJQ�ZRXOG�
VXSSO\�SUHVVXUH�HTXDOO\�DFURVV�WKH�IDFH�
RI� WKH�EHDULQJ� DQG� DXWRPDWLFDOO\�
UHVWULFW�DQG�GDPS�WKH�ÀRZ�RI�DLU��7KLV�
FDQ�EH� DFKLHYHG�E\�GLIIXVLQJ� DLU�
WKURXJK�D�SRURXV�EHDULQJ�RU�VHDO�IDFH��
*UDSKLWH�DQG�FDUERQV�PD\�EH�XVHG�IRU�
WKLV�SXUSRVH��$�GDPSLQJ�HIIHFW��IURP�
SDVVDJHZD\V�WKH�JDV�I ORZV�WKURXJK��
PDNHV�LW�GLI¿FXOW�IRU�DLU�YROXPH�LQ�WKH�

JDS�WR�FKDQJH�TXLFNO\��7KLV�UHVXOWV�LQ�D�
VWDEOH�JDV�¿OP�WKDW�FDQQRW�EH�SOXJJHG�E\�
SDUWLFXODWH��,Q�FDVH�RI�FRQWDFW��JUDSKLWH�LV�
DQ�H[FHOOHQW�SODLQ�EHDULQJ�PDWHULDO�

3RURXV�FRPSHQVDWLRQ�DOVR�ZRUNV�ZHOO�
IRU�VPDOO�JDSV�DQG�VPDOO�ÀRZV��7KHUH�LV�
]HUR�OLIW�DQG�]HUR�ÀRZ��\HW�]HUR�ORDG�DQG�
IULFWLRQ�EHWZHHQ�WKH�IDFHV��7KH�ORDG�LV�
WDNHQ�E\�WKH�DLU�SUHVVXUH�DFWLQJ�OLNH�D�
K\GUDXOLF�F\OLQGHU��,W�LV�QRW�UHFRPPHQGHG�
WR�UXQ�D�EHDULQJ�LQ�WKLV�PRGH��EXW�LW�LV�
DQRWKHU�H[DPSOH�RI�ZK\�SRURXV�FRPSHQ�
VDWLRQ�KDV�EHWWHU�FUDVK�UHVLVWDQFH�DQG�LV�
PRUH�UREXVW�WKHQ�RUL¿FH�FRPSHQVDWLRQ��■

GAS BEARINGS 
LUBRICATING TURBOMACHINERY WITH GAS BEARINGS
BY DREW DEVITT
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Lift vs. load chart for Externally Pressurized 

Porous (EPP) gas bearings showing the typical 

operating ranges of dry gas seals and foil 

bearings. EPP bearings operate with a larger gap 

than dry gas seals, reducing contact issues yet 

have good load capacity, stiffness, damping, and 

speed.
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from New Way Air Bearings
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T
he automotive industry in Europe, 
especially in Germany, is in turmoil. 
Certain European cities are consid-
ering a ban on vehicles with diesel 

engines from downtown areas. The diesel 
engine, long considered a better alternative 
to hybrid cars, may have received its death 
blow. What has happened?

Government regulators, prompted by 
environmental groups, are alarmed by sig-
QL¿FDQW�OHYHOV�RI�VPDOO�SDUWLFOHV�LQ�WKH�DLU�
in downtown areas of large European cities 
(this is also the case in the U.S. and Asia). 
Small particles sized below 10 microns 
�30����FDQ�HQWHU�WKH�¿QHVW�EUDQFKHV�RI�WKH�
human lung and are suspected to be the 
cause of serious ailments. Stuttgart, Ger-
many, home of Porsche and Mercedes, and 
the former home to one of the authors of 
this column, is among them. 

For turbomachinery engineers the 
question must be asked: Are gas turbines 
(GTs) also major emitters of micron level 
particulate matter? In this context, we pri-
marily focus on industrial GTs that burn 
gaseous fuels. 

Regulators have already created a frame-
work of rules that also apply to GTs. These 
regulations often limit the annual production 
of particles below a certain size in tons per 
year. There are regulations for PM (all par-
ticles), PM10 or PM2.5 (particles below 2.5 
microns). While in the U.S. the criteria is 
tons per year, in most other places it is based 
on particle concentration (mg/Nm3).

Before we answer the main question, 
let’s consider the technical details. PM10 
and PM2.5 emissions from the combustion 
of gaseous fuels in industrial systems can 
originate from sources such as: combustion 
of sulfur and chlorine to acid aerosols and 
salts; incomplete fuel combustion to form 
soot or high mole weight organics; vapor-
ization; condensation or transmission of 
volatile elements in the fuel or combustion 
air; corrosion or erosion of system ele-
ments; entrainment of debris; and particle 
agglomeration and breakup. 

Additionally, post-combustion, emis-
VLRQ�FRQWURO�PHWKRGV��VSHFL¿FDOO\�6HOHF-
tive Catalytic Reduction (SCR), while low-
ering NOx emissions, can also contribute 
to PM10 and PM2.5 emissions.

For clean natural gas as fuel, and rea-
sonably clean ambient air, the continuous 
combustion process in a GT produces prac-
tically no particulate. The air and exhaust 

gases in a well-maintained GT never con-
tact lube oil, and the combustion is contin-
uous and well mixed with the air-to-fuel 
ratio controlled throughout. This further 
contributes to near PM-free emissions. 

In many instances, most particles in the 
exhaust may have entered the engine with 
the combustion air. Given the capability of 
PRGHUQ�*7�DLU�¿OWUDWLRQ�V\VWHPV�WR�UHPRYH�
VLJQL¿FDQW�DPRXQWV�RI�SDUWLFOHV�HYHQ�EHORZ�
2.5 microns in size, GTs act as an air 
cleaner in some locations. 

Particulate matter comes in condensable 
DQG�¿OWHUDEOH��QRQ�FRQGHQVDEOH��IRUP��)LO-
terable PM is essentially solid. Condensable 
PM consists of liquid or solid droplets that 
form in the exhaust gas when it cools down. 

If we consider the combustion mecha-
nisms described above, and in the absence 
of mechanical issues with the GTs while 
using clean fuel and combustion air, the 
only particulates that can potentially form 
are of the condensable variety. 

Certainly, fuel-bound sulfur can con-
tribute to particle formation, but the sulfur 
level in natural gas is usually extremely 
low. Given the small size of the PM liquid 
droplets, some may evaporate soon after 
leaving the gas turbine exhaust. 

A key point of contention are the test 
methods used to detect particulates in the 
GT exhaust. Some older test methods or 
methods with short durations lead to unre-
alistically large or widely varying PM 
measurement results. 

But even carefully and consistently 
executed tests will have uncertainties that 
are on the same order of magnitude as the 
number of particles present in the exhaust 
stream. Recently analyzed data shows that 

ROGHU�WHVWV�RQ�WKH�VDPH�*7�H[KLELW�VLJQL¿-
FDQWO\�KLJKHU�SDUWLFOH�OHYHOV��DQG�VLJQL¿-
cantly higher variability than newer, more 
advanced tests. Lastly, some inappropri-
ately applied test methods can generate 
additional condensable particles in the par-
ticle collection system. 

It does not really matter whether the 
PM10 or PM2.5 levels are measured as 
particles in the gas turbine exhaust. If pres-
ent, they are usually much smaller than 
PM2.5. Thus the measured PM, PM10, and 
PM2.5 values are mostly the same. 

This explains part of the measurement 
problem: very small particles in extremely 
low concentrations are hard to detect and 
measure accurately. High measurement 
uncertainties and wide test variations 
often result.

Now, let’s answer the question at the 
EHJLQQLQJ�RI�WKH�DUWLFOH��1DWXUDO�JDV�¿UHG�
gas turbines may be more of a solution 
than a problem where particulates matter. 
These GTs have extremely low PM emis-
VLRQV��2IWHQ��EHFDXVH�RI�WKHLU�¿QH�LQOHW�¿O-
tration and the massive amount of air cap-
WXUHG��*7V�DFW�DV�DQ�DLU�¿OWHU�WKDQ�D�SDUWLF-
ulate matter emitter.
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support of Leslie Witherspoon who con-

tributed to this article. ■
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“With extremely  
low PM emissions, 

GTs should be  
looked upon as  
an air filter not  
a particulate

matter emitter.”
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