Models for Optimizing the Supply Chain
2 MISSISSIPP] STATE in Support of Biomass Co-Firing in Coal Plants

UNIVERSITY Hadi Karimi, Sandra D. Eksioglu
Department of Industrial and Systems Engineering, Mississippi State University

Reseal‘Ch MOthathIlS & ObJ ectives Maximize: / = E ( (yf + O';) E )(ij — E (C‘; + Cf)m ))(y 700 4000
; ; ; ; == 0bj. Fun. Val
Motivations ]EC ieS ZES,]EC 600 _ S — 3500
Coal-fired power plants in the US consume 1.1 to 1.2 billion tons of coal annually. " o B T Tatavine T . |
. Coal- . . . . . .
. S cd . J . h . J . cap J .
. Co-firing biomass reduces Green House Gas emissions. ZC (]j T ]J )(1 YJ ) 1— B chj (1 YJ ) 1—B Zc]j 1—B YJ >00 Logsitics Costs 3000
je j je j je j 5 . -
. Co-firing biomass is a near term, low-cost option for electricity generation. e — Used Biomass }f =
. = 400 > 2500 £
20 - 00 = m ) = S
? — | .. Subject to: = 7[ S
7 Y E me = 300 2000 &
] 509 0 S ::r?a:h‘:;:::w . E f é
;- @0 E le SSi VZES E 200 1500§
— P ‘ =
4 - 440 jeC =
100 - 1000
| e o (O *OH *C"" * pl )/ LHV*" , ;
Figure 1. World energy-related CO2 emissions from the power sector and CO2 intensity ZXU < - . ‘v’ ] c C 0 P | | | | | o0
Objectives icS (I/Bj —aj)*(pj —O.OO44BJ. —0.0055) 0 05 15 Y e B U 4
. Developing optimization models for minimizing costs and maximizing savings due to co-fire -100 YO00¢9C Tax credit (cents/kwh) 0
« Evaluating the impact of Production Tax Credit (PTC) on biomass usage in power plants Bj . O O 4 < M (1 - Y] ) V] cC
o Figure 3. The impact of tax credits on profits and biomass usage
Problem Formulation | 0.04— B < MY e ; P P ;
. — . . S
J J J
Amount of required coal and bi o
. mount o1 requirea coai an 10Imass + . .
! XijER V] EC,Z SN —4—50($/Ton)
e i 3500
............................................................................................................................................. > 14_71_7_17_1@_1_1’1_3_5_”_‘_7’_51_{6_5 i 5) ($,"TDH]
00 % OH, % C* T B, e [0,1] VjeC 300 | r0tssom 'l
coal _ ©J J - . :Lower Heating Value =
1\4]' - LHV CO(ll ............................................................. i = T E - 0 ($ﬁﬂﬂ]
coat .. : A 4
j T Y, €{0,1} vjec R p— v
................................. > EBiomaSS usage percentage | E 5000 NP
...................................................... -
. [T o , — :
= Pi x Y J x_ P | Efficiency loss Linear Optimization Model :
J coal b =
— . — : Q
1-46.a, LHV p; —EL 1000
. Problem is discretized for possible values of biomass percentage B. c00
. Let L={1, .., [ ... |L|}! be the finite set of all potential values that B can take.
P
0 S0 020000000000 00-0-0-0. 00000000 0_
- Investment Costs . Decision Variables: 0 0.5 1 15 2 2.5 3 3.5 4
AP cap % IB]. X,;: Amount of biomass transported from facility “i” to plant “j”" annually. Tax credit (cents/kwh)
ﬁ ] Y0 < 4% > ] j — ] j . L . . L Figure 4. The impact of tax credit and targeted price on biomass usage
1— ,Bj Y, Takes 1 if plant “j” would use the percentage of biomass indexed by *I
. . p t t bm
e Max:Z =) (GJ +O )X, = 2 (Czj+ci )X, =221, 20%
Biomass storage costs: [ JS — ]}?’ *| 2 J Jjec iy ies,jeC leL jeC
_ : : 0
1-/ ; Subject to. 10%0
0.9554
0 0 : : H h s ﬂj ZXZJ SSi VZES 0% +——W , . . .
J -10%
bm .
0.5575 ZX ij < ZM lj YZ] Vj € ¢ 0
_,CD cd s j ieS lel -20%
Compress-dryers costs: 1,7 =1
1- ﬂj ZYZJ <] VJ eC -30% ==t T 0tal Profits
lel .
40% ===, 0gs1t1C CoOsts
/ VieC,ieS o -
Xij eR J ’ Biomass Used
-50%
E:bm bm Y. €10,1 VieC,lel . 0
. Operating Costs: & F e l { ’ } J ? Increase of Investment Costs (in %)
iES ..................................... > éBiOI’I’lClSS p?‘OCul"emenfpl"lce i . . . . o .
oo s S 4.00 Figure 5. Relationship between investment costs, logistics costs, profits, blomass use
3.50
o Summary & Conclusion
m
. Logistics Costs: E CijM ;i 2.50 '\
iES ...................................... ;;TransportatiOn price betweenfacilil‘ies E § 2.00 \ —— Gap-$80 Summary
1.50 Gap-$100 « A nonlinear mixed integer programming model with biomass percentage as a variable
1.00 \ « A linear mixed integer programming model as an approximation for the other model
0.50 \ « A case study of biomass co-firing in the state of Mississippi power plant sector.
. Savings due to: o g 6.00 , . , —0 |
e ECoal price per tone o 10 50 20 20 50 co Conclust
........................ - onclusion
""""""""""" H me P 5 Th bet X dels for diff X , (L « Tax credits are necessary in order to increase the production of the renewable energy.
: . / ' 1gure 2. The gap between two models for different scenarios on se
DlSplacement Of coal. O ]p — C;'oa * ioal « The developed linear model is a good approximation of nonlinear model and could be
LH I/] used for future research in the subject.

« Tax credit should not be “one size fits all”. Instead, tax credits could be a function of
A Case Study iy
the amount of renewable electricity produced.
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X.. Amount of biomass transported from facility “i” to plant “j” annually
J Table 1. Biomass Availability for the state of

Mississippi (data from KDF)

Yj . Binary variable which takes 1 if biomass percentage in plant “j” is <4%



