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► Introductions 
► Program Objectives 
► Project Team 
► ADAsorb™ Overview and Background 
► Technology Overview 
► Project Structure and Task Descriptions 
► Technology Approach 
► Schedule 
► Budget 
► Summary of Technology Benefits 
► Discussion 
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ADA-ES, Inc: 
Providing clean technology for the coal-fired industry 
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Phase I: 
Concept 

Phase II: 
Pilot Testing  

(1 MW) 

Phase III: 
Demonstration  

(> 25 MW) 
Commercial 

Implementation 

Development Approach 

► Begin with the end in mind 
► Identify cost drivers 
► Focus R&D and execute 

work schedule with 
commercialization goal in mind 

DE-FE0004343 
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► Reduce parasitic energy requirements  
► Minimize water usage and disposal issues 
► Minimize life-cycle impacts 
► Minimize process space requirements 
► Allow flexible plant operations  

(Grid integration with renewables) 
► Minimize capital and operating costs 
► Adaptable for progressive CO2 emissions 

requirements 

Technology Advancement Needs 
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CO2 Capture Background Information 
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ADAsorb™ Process Overview 
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►Flue gas passes through 
adsorber module where 
sorbent particle adsorbs CO2 

►Regenerable solid sorbent 
cycles between adsorber and 
regenerator.   

► Increased temperature in 
regenerator releases CO2 
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Thermal Energy Penalty  Calculations 
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Enthalpy of Reaction with CO2 (From FAI report) ∆HCO2 kJ/mol 
Working CO2 Capacity qCO2 kgCO2/kgsorb/solv 
Enthalpy of Reaction with H2O ∆HH20 kJ/mol 

H2O evaporated (Solid Sorbent Working Capacity) qH2O kgH2O/kgsorb/solv 
Specific Heat Capacity Sorbent/Solvent Cp kJ/kg·K 
CO2 Heat Capacity Cp kJ/kg*K 
Temperature Swing ∆T K 
Heat Capacity of Water Cp kJ/kg*K 
Heat of vaporization of water ΔH kJ/kg 
Solid sorbent H2O Loading at 40C   kgH2O/kgsorb 
THERMAL Energy for regeneration Q kJ/kg CO2 



Thermal Energy Penalty 
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Case 10 Basis: Options for Enhanced 
Operational Integration 
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LCOE Relative Costs 
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1. Capital
Costs

2. Fixed
Operating
Costs
3. Variable
Operating
Costs
4. Fuel Costs

5. CO2 T&SM
Costs

This project will focus on enhanced efficiency.  This reduces 
the fuel costs, CO2 capture/compression costs, operating 
costs, and may reduce capital costs since the gross 
generation requirements are reduced to meet 550 MWe net. 



Project Overview 
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► Advance the development of PCCC technologies that 
utilize solid sorbents by reducing the energy penalty 
and/or the overall levelized cost for CO2 capture   

► Outcome: progress towards meeting the overall DOE 
Carbon Capture Program performance goals of 90% 
CO2 capture rate with 95% CO2 purity at a cost of 
$40/tonne of CO2 captured by 2025 and to <$40/tonne 
of CO2 captured by 2035 

Project Objectives 
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► Collect the empirical bench-scale test data to 
evaluate moving and fluid bed cross heat 
exchangers. 

► Evaluate multiple cross heat exchanger 
configurations and identify the most cost-effective 
option through computational modeling.  

► Optimize approach temperature and cross heat 
exchanger design to minimize overall CO2 capture 
costs while balancing capital and O & M costs.  

Focus Areas 
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► Complete a sensitivity analysis of the technical 
capabilities, capital costs, and O & M costs which 
encompass: 
- CO2 process integration: 
- CO2 and power process integration 

► Perform techno-economic analysis (TEA) to identify 
cost drivers which optimize the ADAsorb™ process  

► Update the 550MWe TEA and identify costs and 
expected energy requirements for an optimized 
ADAsorb™ process 
 
 

Focus Area (cont.) 
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• Solex Thermal Science 
o Experience w/ Moving Bed 

Heating and Cooling 
o Thermal Modelling & Costing 
o 400 Installations in 23 

countries 
o Project Cost Share 

• Lehigh University Energy 
Research Center 
o Broad Process Modelling 

Capabilities w/ ASPEN 
o Conceptual Process Design 
o Techno-Economic Assessment 
o Project Cost Share 

• DOE – NETL   
o Project Sponsor 

• ADA-ES, Inc. 
o Project Management 
o Technology Selection and 

Integration 
o Techno-Economic Assessment 
o Project Cost Share 

• Technip Stone and Webster Process 
Technology with Dorr Oliver Division 
o Conceptual Process  
o Detailed Engineering, Design, and 

Costing 
o Experience w/ multiple types of 

FB reactor designs (single, 
multibed, heat exhanger) 

 

Project Team 
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LEHIGH UNIVERSITY  
ENERGY RESEARCH CENTER 

Specializes in performance improvement and 
emissions reductions in coal-fired power 
plants. 
 
 Related projects include: 
 
> Thermal integration opportunities in coal-
fired units with MEA post combustion capture 
> GRE’s fluidized bed coal drying technology 



ENERGY RESEARCH CENTER (cont.) 

 >  Fundamental studies of heat transfer and bubble 
 behavior in fluidized beds 
 
>   Condensing heat exchangers for recovery of  
     moisture from boiler flue gas 
 
>   Control of coal flow distribution to PC burners 

 
>   Develop/model heat rate improvement options for 
 coal fired power plants 
   

 
 



TECHNICAL APPROACH 

> First Principle Modeling:  thermodynamics, heat 
& mass transfer, fluid mechanics 
> ASPEN Plus Modeling, particularly for analysis of 
overall power plant 
> Use data from ADA bench and pilot scale tests 
    > Sorbent characteristics 
    > Adsorber and regenerator DP’s 
    > Heat & mass transfer coefficients 
> HX design, cost and performance info from 
Technip and Solex 
 



Solex Business Profile 1 
• We provide solutions for heating, cooling or drying bulk solids based on:  

– Indirect heat transfer 
– Mass flow of bulk solids 

• Strong commitment to innovative technology 
– Understand the science 
– Theoretical Modeling 
– Develop technology for new applications  

• Dryers based on indirect heat transfer 
• High temperature suitable for 500 – 1000°C product 
• Solutions for energy recovery 

– Test program (lab and pilot) to help evaluate applications and develop solutions 

 



Solex Business Profile 2 
• Application /Project Engineering 

– Solex provides custom engineered solutions 
– Commitment to high level engineering to support our innovative applications 
– Strong capability in Design, Project Engineering & Project Management.  

• Fabrication 
– Fabrication is sub-contracted through a small number of fabricating 

partners in USA and Europe 
– Quality is maintained by a QA/QC program established between Solex 

its fabrication partners 
• Customer Service 

– Support during installation & commissioning ;  operator training 
– On-going technical support 
– Spare parts service 

 



A Brief History 
• 1986  Fertilizer Division of Cominco (now Agrium) developed an indirect heat 

exchanger using exchanger plates to cool urea granules at their plant near 
Calgary, Alberta 

• 1988 Installation of 4 Heat exchangers at Cominco’s Carseland, Alberta plant 

• 1990 Creation of the Bulkflow Division – a technology division within Cominco 
Engineering to develop and bring to market the bulk solids heat exchanger. 

• 1999 BULKFLOW TECHNOLOGIES with headquarters in Calgary, Canada is 
incorporated as an independent company by means of a management buy 
out. 

• 2008 Bulkflow Technologies is rebranded as Solex Thermal Science Inc. to 
better represent its profile as a world leader in the science of heating and 
cooling bulk solids. 
 



Company Profile 
• Heat Exchange Technology initially developed for cooling urea 

granules 
• Market leader for bulk solids heat exchangers 
• Almost 400+ projects installed since 1990 
• Projects in more than 35 different countries 
• Headquarters: Calgary, Alberta, Canada                    

 



Applications 

• Fertilizer – Urea, Ammonium Nitrate, NPK,MAP,DAP, Potash 

• Chemicals – Ammonium Sulfate, Calcium Chloride, Soda Ash 

• Polymers (Powder or Pellets): PP, PE, PVC, PA, Silicone  

• Detergents and Phosphates (STPP,  SAPP) 

• Food products – Sugar, salt, grain 

• Minerals – catalyst, metal oxide dusts, sand 

• High temperature applications – 
Graphite, pyrolized rubber 



Project Structure 
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Task 1. Project Management and Planning 

Task 2. Bench-Scale 
Testing and Technical 
Analysis of Heat 
Exchanger Designs 

Task 3. Heat 
Integration and 
Optimization Economic 
Analysis 

Task 4. Process Techno 
Economic Analysis 



Task 1 Project Management and Planning  

Task 2 Bench-Scale Testing and Technical Analysis of  
Heat Exchanger Designs 

  2.1 Bench-Scale Testing of Moving Bed Heat Exchangers 

  2.2 Computational Modeling and Design Integration of Moving-Bed Heat 
Exchangers  

  2.3 Design Integration of Fluidized Bed Heat Exchangers  

Task 3 Heat Integration and Optimization Economic Analyses 
  3.1 Assess Costs of Heat Integration   

  3.2 Assess Impacts of Flue Gas Moisture 

  3.3 Assess Impacts to System Pressure Drop 

  3.4 Evaluate Process Improvements from Operations  

Task 4 Process Techno-Economic Analysis 

Project Tasks 
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► Includes necessary activities to ensure planning, 
SOW’s, coordination, reporting, execution and risk 
management of the project with DOE/NETL and other 
project participants. 

Task 1: Project Management and Planning 
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Task 2: Bench-Scale Testing and Technical 
Analysis of Heat Exchanger Designs 
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Isotherms and System Integration 
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► Sensible heat recovery 
► Reduced Adsorber Pressure Drop 
► Reduced Regenerator Pressure Drop 

Benefits of Incorporating a Heat Exchanger 
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► Fluidized Beds 
− Technip Stone and Webster Process Technologies w/ 

subsidiary Dorr-Oliver 

► Moving Beds 
− Solex Thermal Science 

Heat Exchanger Options 
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J.F. Davidson, “Fluidization” 1985 

► Low mass transfer  
limitations 

► Good heat transfer 
► Equipment 

components have 
been demonstrated 
successfully on the 
required scale 

► Industry process  
 scalability knowledge 

Benefits of Fluidized Beds 

Fixed/moving bed 

Fluidized bed 
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► Reduced blower requirements: little or no fluidizing 
gas is necessary 

► Counter-Current flow between solids and heat 
transfer media  
 possible to achieve an aggressive approach 
temperature and high heat recovery using only two 
moving beds per CO2 capture train (one moving bed 
for heating and one for cooling) 

► Note: Heat transfer coefficient of a sorbent in a 
moving bed will be lower than that of the same 
sorbent in a fluidized bed 

Moving Bed Advantages 
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The Technology  - Heat Transfer by Conduction 

• Products moves slowly 
by gravity between the 
plates 

• Water flows inside the 
plates 

• Counter current design 
• Long residence time (3 

– 30 min) 

 

Moving Bed Plate Arrangement 



► Bench-scale testing of Solex moving-bed heat 
exchanger with the current ADAsorb™ CO2 sorbent.   

► Testing at Solex’s lab facility in Calgary, Canada.   
► Key tests include flowability with represenative 

moisture and CO2 as required to determine heat 
exchanger plate spacing, and verification of heat 
transfer coefficient of the sorbent in the heat 
exchanger under representative operating conditions. 

Subtask 2.1 – Bench-Scale Testing of 
Moving Bed Heat Exchangers 
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Solex capability - Lab and Pilot Testing 

Lab & Pilot test facilities in Calgary: 
 
• Material Thermal Properties 
• Material Flow Properties 
• Small scale pilot testing 50 – 200 

kg/h 
– Heating (thermal oil) 
– Cooling (chilled water) 
– Drying  (indirect heat with 

purge air) 



Heat Integration Study – Lab & Pilot Testing 

• Measure thermal properties of sorbent 
materials 

• Optimize plate spacing 
• Mass flow shear cell testing* 
• Carry out Pilot Testing to validate 

performance 
 

* Shear cell testing is carried out for us by 
a 3rd party independent testing lab. 

 

 



► Modeling will be conducted with Solex’s 
proprietary ThermaPro Thermal Modeling 
Software Program. 
− Models indirect heat transfer in bulk solids 

following a conduction model defined by a Fourier 
series. 

Subtask 2.2 – Computational Modeling 
and Design Integration of Moving-Bed 
Heat Exchangers 
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Solex Capability - Computational Thermal Modeling 

In-house proprietary software – Thermapro.  Models indirect heat transfer with a bulk 
solid on one side and a fluid (liquid or gas) on other side.  Heat transfer by conduction 
+ radiation. 
 
Modeling Variables: 
• Thermal properties of bulk solid (specific heat, thermal conductivity, bulk density) 
• Process temperatures 
• Flowrates of bulk solid and fluid 
• Geometry 

 
Modeling Output: 
• Optimum geometry to meet design requirements 
• Temperature profile at each point through exchanger 



Heat Integration Study – Theoretical Modeling 

• Based on computational modeling software, 
Thermapro: 
– Develop equipment designs 
– Evaluate energy recovery 

 
• Sensitivity Analysis 

– Optimize Heat Exchanger sizing for energy 
recovery. 

– Consider alternate sources of heat input into the 
loop  
 

• Develop costing models for the conceptual 550 MWe 
plant 



► Optimal location and operating conditions for the 
heat recovery in the ADAsorb™ CO2 capture process 
will be evaluated.   

Subtask 2.3 – Design Integration of 
Fluidized Bed Heat Exchangers  
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► Adapt existing Energy Research Center at Lehigh 
University ASPEN Plus model  

► Heat integration and Process Optimization  

Task 3 Heat Integration and Optimization 
Economic Analyses 
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► Lehigh University Energy Research Center will model the energy 
penalty reduction and the necessary heat transfer surface area 
for various approach temperatures. 

► Engineers from Solex and Technip will provide cost estimates for 
heat exchangers across a range of approach temperatures. 

► Lehigh will conduct computer simulations of this information to 
determine the optimum cross heat exchanger and process 
configurations. 

Subtask 3.1 – Assess Costs of Heat 
Integration 
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TASK 3.1  EVALUATE AND COMPARE CROSS 
HEAT EXCHANGER OPTIONS 
  

> Location and type of heat exchanger 
(Moving Bed vs Fluidized Bed) 
> Energy Penalty Reduction and Costs 

 



► Theoretical simulations will be performed for a 550 MWe coal-
fired power plant to estimate heat exchanger surface areas and 
costs 

► In Task 3.4, this information will be compared to the 
regeneration energy penalty associated with the heat of 
vaporization for water using the 1MWe sorbent as a reference.   

► The analysis will be repeated using the H2O working capacity for 
at least one additional sorbent to determine the relative 
benefits of moisture removal.   

Subtask 3.2 – Assess Impacts of Flue 
Gas Moisture 
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TASK 3.2   ASSESS IMPACTS OF FLUE GAS 
MOISTURE 

   >  Evaluate Process Variables Which Will 
Reduce the Energy Penalty Related to 
Sorbent Regeneration. 

   >  Tradeoffs Between CHX Size & DP,  
        Refrigeration Power and Costs, and  
        Sorbent Regeneration Energy Penalty 
 



► Using the data available through the separate program, pressure 
distribution analyses will be performed for a full-scale adsorber 
vessel 

► Comparisons will be made with data from bench-scale results. 
The conclusions, along with reduced pressure drop resulting 
from reductions in the required heat transfer surface area, will 
be extrapolated to a full scale alternate design and operational 
strategies to minimize pressure drop. 

Subtask 3.3 - Assess Impacts to System 
Pressure Drop 
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TASK 3.3  ASSESS IMPACTS OF SYSTEM 
DP 
 > System DP will be sensitive to adsorber and 

regenerator designs and cross flow heat 
exchanger design. Affects fan power. 

  > Quantify the tradeoffs 



► Quantify the tradeoffs between the capital and energy costs 
► Quantify the tradeoffs between the capital and operating costs 

of a cross heat exchanger, heat transfer effectiveness, and the 
energy penalties associated with providing heat to the 
regenerator vessel 

Subtask 3.4 - Evaluate Process 
Improvements from Operations 
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Task 3.4   Evaluate effects of process 
improvements on unit efficiency penalty 
and cost of CO2 capture 

     > Add Cross Flow Heat Exchanger 
     > Reduce System DP 
     > Heat Integration from various plant process 

sources 



Task 3.4   (continued) 

>   Determine Optimal Configurations of  
     Individual Components and Overall Capture  
     System.   
>   Determine Sensitivity to Coal Rank, Sorbent  
     Type and Steam Cycle Design (Supercritical  
      and Ultra-supercritical) 



► Revise subcritical plant, DOE Case 10, CO2 capture costs for the 
ADAsorbTM CO2 capture process for a supercritical plant, Case 12  

► To date heat integration and process optimization have not been 
integrated into this model.  Under this subtask results from Task 
3 and input the optimal modifications into the model. 

Task 4: – Process Techno-Economic 
Analysis (TEA) 
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► Project is structured setup to advance 
development of PCCC technologies 

► Project focus areas and technical approach 
will facilitate reduction of energy penalty as 
well as the overall levelized costs associated 
with CO2 capture 

Summary 
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Discussion 
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