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An Example
Cogenerator Design

Option 1: Coal-fired steam turbine
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Goal

Develop a Mathematic Tool
for the Economic and Thermodynamic
Optimal Design of a EC Plant

Energy Conversion (EC)

An example
CHg+ 202— CO2+ 2H2Ovapor.
A cogeneration plant

Chemical Energy transformed into
Electric Power + Steam

An Example
Cogenerator Design

Option 2: Gas turbine
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An Example

Consider one Design Option

Cogenerator Design

Option 3: Gas and steam turbine
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Modeling the Problem Variables

with the constraints
n; flow at point z [mol/s]

Example: Combustion Chamber T; temperature at point i [K]
p; Ppressure at point 7 [bar]
na = n3 + n1g (flow conservation) z; j Ppercentage composition of
element j at position ¢
Quv = n3h3(T3) + n10h10(T10) — naha(Ts) h; specific enthalpy of the flow 34

(energy conservation) s; specific entropy of the flow i

)., — 0.02LHV7 heat loss ni efficiency of component k
@v "o ( ) W, power generated at point ¢

Qv Heat Loss

n4z4 N, = 0.79n3 (nitrogen fraction)
n4%4,0, = 0.21n3 — 2119 (oxygen fraction) PEC; cost of component k
n4%4,CO, = N10 (carbon dioxide fraction)
n4%4,H,0 = 2110 (vapor fraction) other economic variables
Z4,cH, =0 (methane fraction) superstructural binary variables



Objective

Some of the Nonlinear Constraints

min sum of levelized costs
Cini
PECac = <11"“ ) <p?> log (”)
C12 —nsc) \P1 p1
Constraints Ot
PECcc = | 20| (14 e9237aC24)
C22 — %
e Flow conservation
b.
e Energy Conservation (enthalpy) ek &
—e; T 4 EJT3)
e Efficiency property (entropy)
s;(T,p) = Z Zj (SJ+ +a;InT + b;T
JEF;
e Equipment purchase cost functions _Cip2 n ﬁTz _Rin ij)
2 2 Dref
e Economic variables hos(Ths) — h1(T1)
Nse =
> ho(T2) — h1(T1)
e Superstructural
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Progress
Some of the Other Constraints e formulated the example design in AMPL*

for efficiency optimization

Flow conservation

ha = nz+n1g e solved using SNOPTT via the NEOS server

Energy Conservation Current state of the Project

W1 = noha(T2) — n1h1(Ty) >0

e working on the superstructure formulation
Power requirement

—100 kW < —(Wy + W1) — 30000 kW < 100 kW e development of LaGO

*A Mathematical Programming Language
fSparse Nonlinear OPTimization
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