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Unified Energy Solutions components are designed to meet specific requirements of the electric utilities, 
industrial power units, and district heating (combined heat and power) plants. The optimization objective 
is to operate the plant with maximum process efficiency and operational profit under the constraints imposed 
by technology and environmental impacts. 

Software applications for advanced control real-time optimization may provide a low-cost, high return 
alternative to expensive boiler retrofits for improving operational profit as well as reducing emissions. 
Unified Energy Solutions (UES) software package is a portfolio of advanced control and optimization 
components running on top of the standard process regulatory and control system. 

The objective of the UES is to operate the plant with maximum achievable profit (maximum efficiency) 
under the constraints imposed by technology (life-time consumption, asset health) and environmental 
impacts (CO and NOx emissions). Fast responsiveness to varying economic conditions and integration of 
real-time optimization and operator decision support (off-line) features are critical for operation in real-time 
economy. 

Optimization Features are targeted to combustion process, heat and power load allocation to parallel 
resources, electric power delivery and ancillary services. Optimization Criteria include increased boiler 
thermal efficiency, maintaining emission limits, economic load allocation of the heat and generation sources. 
State-of-the-art advanced control algorithms use model based predictive control principles and provide 
superior response in transient states. Individual software modules support open control platforms and 
communication protocols. UES can be implemented on a wide range of distributed control systems. 

Typical achievable benefits include heat and power production costs savings, increased effective boiler 
operation range, optimized flue gas emissions, optimized production capacity utilization, optimized transient 
states control, extended production assets life, and reduced maintenance. 

Solution Components 
The Advanced Combustion Control (ACC) component of the UES package provides multivariable rate-
optimal model-based predictive control of the boiler combustion process. The thermal efficiency 
improvement of individual boilers is achieved by dynamic optimization of the air-fuel ratio in the 
combustion chamber. The state-of-the-art advanced control algorithm ensures tight dynamic coordination of 
the fuel and combustion air channels finally resulting in increase of combustion efficiency, higher 
combustion stability, decrease in NOx emission level, and secure CO emissions within environmental limits. 
The ACC component applicability range includes coal, gas, and oil-fired steam boilers. 

The Economic Load Allocation components of the UES package dynamically allocate the load to parallel 
sources to meet the total demand for the product. Total production cost over multiple sources is used as the 
optimization criterion for the load distribution. For multiple boilers producing steam to the common steam 
header, the Economic Load Allocation for Boilers (ELA-B) component brings overall minimized steam 
production costs. For multiple turbines, the Economic Load Allocation for Turbines (ELA-T) component 
brings maximized power generation or minimized steam consumption for at a given power generation level. 

Master Pressure Controller (MPC) safeguards stable steam production while maintaining the steam header 
pressure at the required level. The predictive algorithm guarantees continuous balance between produced and 
consumed steam. With multiple parallel boilers producing steam to a common steam header, MPC sits on the 
top of the cascade of steam production control. It maintains the header pressure in required set range at 
varying steam demand, providing the manipulated variable – the total heat input – for coordinated control of 
all the boilers operating in parallel in ELA-B component. 
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The Tie Line Control (TLC) optimizes electric power delivery or consumption. The real time power 
generation and home consumption, together with predicted trend are used to dynamically optimize the power 
generation set point, leading to quota fulfillment within the contracted period. 

The modular structure of the UES package allows implementing relevant components to wide range of plant 
technology setups ranging from single-boiler, single turbine electric utilities to complex multi-boiler, multi-
header industrial plant boiler houses. Performance analyses demonstrate overall efficiency improvement by 
about 1 – 3 %, resulting from the UES implementation. 

 
Figure 1 - UES scheme for Electric Utilities 

 
Figure 2 - UES scheme for Industrial Power and 

District Heating plants 

Implementation Background 
The UES package was successfully implemented on the supervisory level of the distributed controls system 
in the Combined Heat and Power plant Otrokovice, Czech Republic. 

Important development of this CHP Plant was triggered by the construction of the Barum tire-producing 
factory in the 1970's. Currently, Otrokovice heating plant supplies power to the Barum Continental tire 
factory as well as to the regional power distributor. Heat (steam on several parameter levels and hot water) is 
delivered to Barum Continental, other major industrial enterprises in the adjacent area, to commercial 
complexes and community heating suppliers in the Zlín metropolitan area. 

 
Figure 3 - CHP Plant Otrokovice 

The CHP Plant was subject to major technology overhaul in the 1990’s, including boilers and their 
accessories. Its objective was to gradually increase production efficiency, cut down production costs, 
improve management and minimize environmental impact. During 1994 – 96, the modern Honeywell digital 
distributed control system was implemented to control the reconstructed high-pressure steam coal fired 
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boilers. The desulphurization unit was implemented in the 1996 – 98, its automated control was integrated 
into the Honeywell control system. 
The Plant produces now high-pressure steam (9.3 MPa, 540 °C) in three 125 t/h pulverized coal fired boilers. 
The electric power is generated by one back-pressure and one condensing steam turbine, rated at 25 MWe 
each. Both turbines are equipped with several extractions to support four different low pressure steam 
headers. The technology setup is enriched by several steam let-down stations for better flexibility in steam 
delivery. 

 
Figure 4 - Technology Scheme 

As of 1996, CHP Plant Otrokovice agreed with Honeywell on implementation of its advanced control layer 
applications to further improve operations parameters. This process was piloted with individual boiler 
combustion process optimization for one of the three boilers. After successful implementation of the first 
ACC component, the two remaining boilers were optimized in the same way by year 2000. Within 2000-
2002, the solution for optimized parallel steam load to all three boilers was delivered using the ELA-B and 
MPC software components, completing the optimization solution for the plant's boiler house. As of end 
2003, the CHP Plant Otrokovice commissioned the new power supply contracting, generation, and delivery 
solution based on the TLC component. 

Operational Results 
Implementation of the ACC of the first K5 boiler significantly improved coordinated supply of air and fuel 
into the combustion chamber, resulting in improved flue gas CO emissions (see Figure 5). This holds 
particularly for swinging boiler operations, where conventional control loops in standard regulatory control 
systems are not able to maintain air and fuel channel coupled, due to their naturally different dynamics. 
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Figure 5 - CO emissions without and with the Advanced Combustion Control 

The ACC built-in air/fuel ratio optimizer minimized the excess oxygen levels in flue gas, improving the 
overall combustion efficiency of the boilers by 1 – 1.5 %. In the same time, remarkable reductions in the 
NOx emissions were achieved. (see Figure 6) 

 
Figure 6 - ACC benefits summary at CHP Plant Otrokovice 

The ELA-B and MPC cascade implemented as the advanced master steam supply controller for the high-
pressure header improved dynamic responsiveness of the boiler house to the ever changing demand for the 
process, heating, and generator steam. Simultaneously predictive features of the advanced controller "calmed 
down" the high frequency oscillations in the steam header. (see Figure 7) 
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Figure 7 - The boilers in parallel load with operator inter-boiler offset input 

Overall efficiency improvement in the boiler house operations was evaluated to be between 2 and 3 %. 

The new tie-line control solution based on TLC software component monitors the total power generation, 
home consumption, power consumed by Barum Continental, and exported power. TLC provides power 
generation set-points trajectory for the condensing turbine in order to optimally fulfill the contracted power 
quota for the electric grid, taking into account changing power consumption, as well as changing power 
generation in the back-pressure turbine. The TLC system provides simultaneously a power contracting 
database front-end for both the weekly, and short term power supply planning. Using the TLC system, CHP 
Plant Otrokovice is capable of covering full electric power demand of the Barum Continental factory, mid-
term plan power supply to the grid in hourly quota, and short-term operation on the power spot-market. Most 
of the power is co-generated, with swinging steam consumption. 

 
Figure 8 - Power supply management based on TLC 
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Conclusions 
UES suite of advanced control applications provides a low-cost, high return alternative to expensive boiler 
retrofits for emissions reduction and operational profit improvement. However, it can also further leverage 
the effect of hardware retrofits, e.g. primary DeNOx measures. 

The benefits of the UES package cover both tangible and intangible effects including: 

• improving boiler thermal efficiency together with economic allocation of boiler loads minimizes fuel 
costs, 

• optimizing combustion process resulting in fuel costs savings by using optimal excess amounts of 
combustion air and decrease of NOx and CO emissions, 

• encoding thermal stress limits into the control performance specifications reducing equipment life 
consumption and maintenance costs, 

• using model-based predictive control technology with range control results in better plant 
responsiveness and better dynamic performance, 

• flexible reaction to customer requirements gives an advantage in the highly competitive marketplace, 
with automated, immediate response to varying economic conditions (real-time pricing), 

• linking boiler house control to Tie Line Control providing better plant responsiveness to load changes 
and optimal exploitation of boiler accumulation capacity, 

• extending equipment life, reducing trips and lowering maintenance costs due to controlled drum and 
header stresses. 

The positive impact on plant operation is recognized by the technical personnel, plant management and plant 
owners. After several year of cooperation with Honeywell, CHP Plant Otrokovice demonstrates full potential 
of a complex, fully integrated control and optimization solution based on latest control technology with 
deeply embedded domain knowledge, fully customized to meet the technological and economic needs of the 
customer. 

 


