
$POUFOUT

/ঘখগঌকঊঝঞছ YJY
"DSPOZNT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YYJ
3PNBO 4ZNCPMT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YYJJ
(SFFL 4ZNCPMT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YYJJJ
4VCTDSJQUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YYJJJ

* )VNJEJ୮ୢDBUJPO PG NJDSP HBT UVSCJOFT ݹ

ݹ *গঝছঘঞঌঝঘগ ݻ
ݹ�ݹ 5IF NJDSP HBT UVSCJOF DZDMF BOE JUT NBJO MJNJUBUJPOT � � � � � � � ݽ
ݺ�ݹ 8BUFS JOKFDUJPO JO NJDSP HBT UVSCJOFT � � � � � � � � � � � � � � � ݿ
ݻ�ݹ 3FTFBSDI PCKFDUJWFT BOE NFUIPEPMPHZ � � � � � � � � � � � � � � ݿ

ݺ -ঝছঊঝঞছ 3টঠ ށ
ݹ�ݺ 4UBUF�PG�UIF�BSU NJDSP HBT UVSCJOFT � � � � � � � � � � � � � � � � ށ
ݺ�ݺ "EWBOUBHF PG IVNJEJGZJOH UIF N(5 DZDMF � � � � � � � � � � � � ݹݹ
ݻ�ݺ )VNJEJ୮ୢFE N(5 DZDMFT � � � � � � � � � � � � � � � � � � � � � ݺݹ
ݼ�ݺ -JNJUBUJPOT PG UIF IVNJEJ୮ୢFE N(5 � � � � � � � � � � � � � � � ނݺ
ݽ�ݺ $PODMVTJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � ݼݺ

** /VNFSJDBM "OBMZTJT ݽݺ

ݻ 'ছজঝ ঊগ জঌঘগ কঊঠ ঊগঊকঢজজ ঘএ খ(5 ঊগ খ)"5 ݿݺ
ݹ�ݻ .FUIPEPMPHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � ހݺ
ݺ�ݻ 3FTVMUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ނݻ
ݻ�ݻ $PODMVTJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � ހݻ

ݼ 5ছঊগজগঝ 4খঞকঊঝঘগজ ݹݼ
ݹ�ݼ .FUIPEPMPHZ� UIF EZOBNJD NPEFM JO 53"/4&0 � � � � � � � � ݺݼ
ݺ�ݼ .PEFM WBMJEBUJPO XJUI XFU FYQFSJNFOUBM EBUB � � � � � � � � � � ݻݼ
ݻ�ݼ 5SBOTJFOU TJNVMBUJPO SFTVMUT � � � � � � � � � � � � � � � � � � � ހݼ
ݼ�ݼ $PODMVTJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � ݾݽ

YJ



*** &YQFSJNFOUBM "OBMZTJT ݿݽ

ݽ 5 ނނݹ5 খ)"5 এঊঌকঝঢ ঊঝ 76# ށݽ
ݹ�ݽ ނނݹ5 N)"5 TFUVQ � � � � � � � � � � � � � � � � � � � � � � � � ނݾ
ݺ�ݽ 5IF ނނݹ5 N)"5 IVNJEJ୮ୢDBUJPO VOJU � � � � � � � � � � � � � � ݻݾ
ݻ�ݽ 4UBSU�VQ BOE TIVUEPXO QSPDFEVSFT XJUI XBUFS JOKFDUJPO � � � � � ݽݾ
ݼ�ݽ -JNJUBUJPOT PG UIF ނނݹ5 N)"5 GBDJMJUZ � � � � � � � � � � � � � ݽݾ

ݾ &ডঙছখগঝঊক ছজঞকঝজ� ঠঊঝছ গওঌঝঘগ ঊঝ এঞকক কঘঊ ݿݾ
ݹ�ݾ 3FTVMUT BU DPOTUBOU SFRVJSFE QPXFS PVUQVU � � � � � � � � � � � � ހݾ
ݺ�ݾ N)"5 PQFSBUJPO JNQSPWFNFOU � � � � � � � � � � � � � � � � � ݻݿ
ݻ�ݾ 3FTVMUT BU DPOTUBOU SPUBUJPOBM TQFFE � � � � � � � � � � � � � � � ݽݿ
ݼ�ݾ $PODMVTJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � ݹހ

*7 &DPOPNJD "OBMZTJT ݻހ

ݿ 5 ঌঘগঘখঌ খঘক ݽހ
ݹ�ݿ 5IF UISFF TUVEJFE UFDIOPMPHJFT � � � � � � � � � � � � � � � � � � ݾހ
ݺ�ݿ %FNBOE TJ[JOH � � � � � � � � � � � � � � � � � � � � � � � � � � ހހ
ݻ�ݿ 0QFSBUJPO PG UIF VOJUT JO UIF NPEFM � � � � � � � � � � � � � � � ހހ
ݼ�ݿ /FU 1SFTFOU 7BMVF BOE *OUFSOBM 3BUF PG 3FUVSO � � � � � � � � � � ݻށ
ݽ�ݿ %F୮ୢOJUJPO PG UIF DPTUT BOE CFOF୮ୢUT GPS UIF FWBMVBUFE UFDIOPMPHJFT ݼށ
ݾ�ݿ 1SJNBSZ &OFSHZ 4BWJOHT � � � � � � � � � � � � � � � � � � � � � � ݾށ

ހ 3জঞকঝজ এঘছ ঊ ছঊগঐ ঘএ কঌঝছঌঝঢ ঊগ ঐঊজ ঙছঌ জঌ�
গঊছঘজ ݿށ
ݹ�ހ 5IF TUVEJFE VTFST BOE UIFJS EFNBOET � � � � � � � � � � � � � � � ހށ
ݺ�ހ 1SJDF TDFOBSJPT � � � � � � � � � � � � � � � � � � � � � � � � � � ށށ
ݻ�ހ 3FTVMUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ށށ
ݼ�ހ $PODMVTJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � ށނݹ

ށ 3জঞকঝজ ঝঊঔগঐ গঝঘ ঊঌঌঘঞগঝ &ঞছঘঙঊগ ঌঘঐগছঊঝঘগ
জঞঋজজ ݹݹݹ
ݹ�ށ 5IF TUVEJFE VTFST BOE UIFJS EFNBOET � � � � � � � � � � � � � � � ݺݹݹ
ݺ�ށ &MFDUSJDJUZ BOE HBT QSJDFT � � � � � � � � � � � � � � � � � � � � � ݺݹݹ
ݻ�ށ 1PMJDJFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ݼݹݹ
ݼ�ށ 3FTVMUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ށݹݹ
ݽ�ށ $PODMVTJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � ݿݺݹ

YJJ



ނݹ $ঘগঌকঞজঘগজ ށݺݹ
ݹ�ނݹ /VNFSJDBM BOBMZTJT � � � � � � � � � � � � � � � � � � � � � � � � ށݺݹ
ݺ�ނݹ &YQFSJNFOUBM BOBMZTJT � � � � � � � � � � � � � � � � � � � � � � � ݹݻݹ
ݻ�ނݹ &DPOPNJD "OBMZTJT � � � � � � � � � � � � � � � � � � � � � � � � ݹݻݹ
ݼ�ނݹ 'VUVSF XPSL � � � � � � � � � � � � � � � � � � � � � � � � � � � ݺݻݹ
ݽ�ނݹ 1SPTQFDUT PG EJTUSJCVUFE DPHFOFSBUJPO JO &VSPQF � � � � � � � � � ݻݻݹ

-জঝ ঘএ 1ঞঋকঌঊঝঘগজ ހݻݹ

3এছগঌজ ݺݽݹ

YJJJ


	Nomenclature
	Acronyms
	Roman Symbols
	Greek Symbols
	Subscripts

	I Humidification of micro gas turbines
	Introduction
	The micro gas turbine cycle and its main limitations
	Water injection in micro gas turbines
	Research objectives and methodology

	Literature Review 
	State-of-the-art micro gas turbines
	Advantage of humidifying the mGT cycle
	Humidified mGT cycles
	Limitations of the humidified mGT
	Conclusion


	II Numerical Analysis
	First and second law analyses of mGT and mHAT
	Methodology
	Results
	Conclusions

	Transient Simulations 
	Methodology: the dynamic model in TRANSEO
	Model validation with wet experimental data
	Transient simulation results
	Conclusions


	III Experimental Analysis
	The T100 mHAT facility at VUB 
	T100 mHAT setup
	The T100 mHAT humidification unit
	Start-up and shutdown procedures with water injection
	Limitations of the T100 mHAT facility

	Experimental results: water injection at full load
	Results at constant required power output
	mHAT operation improvement
	Results at constant rotational speed
	Conclusions


	IV Economic Analysis
	The economic model
	The three studied technologies
	Demand sizing
	Operation of the units in the model
	Net Present Value and Internal Rate of Return
	Definition of the costs and benefits for the evaluated technologies
	Primary Energy Savings

	Results for a range of electricity and gas price scenarios
	The studied users and their demands
	Price scenarios
	Results
	Conclusions

	Results taking into account European cogeneration subsidies
	The studied users and their demands
	Electricity and gas prices
	Policies
	Results
	Conclusions

	Conclusions
	Numerical analysis
	Experimental analysis
	Economic Analysis
	Future work
	Prospects of distributed cogeneration in Europe

	List of Publications
	References


