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Introduction
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Total plant capacity: 260MW
Overall electric efficiency: ~54.2%

Retrofit Option -

- Direct combustion in the gas turbine
- Supplementary firing in the heat recovery boiler (duct burner)
- Oxy-fuel combustion of hydrogen for direct steam production (see right)
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In this work, we study and optimize different options for using hydrogen in CHP plants,

We use a scheduling model to evaluate the optimal economic dispatch and fuel mix of an

model

- Non-linear model based on
thermo- and fluid dynamics

Process Model

P+Duct Burner, and CHP+OHB)

- Siemens Energy internal power plant

- Formulated for three different
plant configurations (CHP only, CH-

- Ambient temperatures

Burner and OHB
- Steam Extraction Rates

Simulation of ~1600 load points for different

- Fuel Inputs to Gas Turbine, Duct
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Process Model

Fix:
- Fuel Input
- Ambient Conditions
- Steam Extraction
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Method

Electric
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Distribution of relative error of total electric energy output between the MILP model
and the process model for equal fuel inputs and steam extraction rates (shown: C only)
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Scheduling Model
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number of load points

- Fuel Input
- Ambient Conditions
- Steam Exaction

¢ Simulate

Electric

4 2 0 2 4 ( Output

relative Error in %

Conditions for Profitable Hydrogen Use

Case Stuady
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- Relative fuel prices (i.e. fuel price / electricity price)
- Performance parameters of the CHP plant

The Figure shows regions of profitable hydrogen use in a CHP plant, depending on:
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Oxyfuel H, Burner (OHB)

Heat and Power (CHP) Plants

The Oxyfuel Hydrogen Burner (OHB) elevates the temperature level of steam by
burning hydrogen and oxygen in steam atmosphere

The OHB can be directly included in the steam cycle of a CHP

It provides an additional possibility for heat input to the steam cycle
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Main take-aways

Hydrogen combustion in the gas turbine is only economically attractive if hydro-
gen is cheaper than natural gas (including emission costs)

Retrofitting a CHP with an OHB can increase the profitability of the plant

Operating a duct burner fueled with hydrogen instead of natural gas is not profit-
able and its operation results in an increased emission factor of electricity

An OHB extends the profitable hydrogen use in a CHP plant to cases in which hy-
drogen is more expensive than natural gas.

Scheduling Model

Mixed integer linear model (MILP) with varying performance and ambient tempera-
ture dependency
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max Profit = Electricity Sales

- Fuel Costs

- Emission Costs

Economic Benefit of the OHB

M, s.t. Technology Constraints
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Equal in each optimization (2019 Data) Varied between optimizations
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Steam Electricity
Temperature Profiles Prices
Optimization of the Economic benefit of the OHB for different
CHP operation for: fuel price combinations (assuming costless
- CHP only (no retrofit) retrofit).
- CHP+OHB Calculated as the difference in profit of a CHP
with OHB (CHP+0OHB) and a CHP without (CHP
- Optimal hourly oper- only).
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