NTNU
Fakultet for naturvitenskap og teknologi

Norges teknisk-naturvitenskapelige
Institutt for kjemisk prosessteknologi

universitet


[image: image1.png]



Master thesis project Spring 2011
TKP4550/TKP451 PROSESS-SYSTEMTEKNIKK (Process Systems Engineering)
Supervisor: Sigurd Skogestad

1. Simulation and operation of CO2 capturing process

There are many possibilities for capturing CO2 in combustion processes. We have previously considered conventional atmospheric post combustion CO2 capture, but in this project other alternatives will be studied. The goal is to study the dynamics and optimal operation of the process using the ProSim (Hysys) dynamic simulator. The operational profit to be maximized is income from CO2 removal minus the energy costs. It is desired to find a simple control strategy by identifying “self-optimizing” controlled variables, which when held constant indirectly maximize the profit. 

Co-supervisor: PhD student, Mehdi Panahi 

2:
Simulation, design and optimal operation of liquefaction process for natural gas

LNG (Liquefied natural gas) is still a growing business, both in Norway and abroad. Liquified natural gas (LNG) is produced by cooling natural gas in several stages to about -162C so that it can be stored as liquid as atmospheric conditions. The volume is then reduced by a factor of about 600. The process is energy and capital intensive and many alternative designs have been proposed. The basis for the project are existing models of the process in Hysys/Unisim , MATLAB or gPROMS.


2.1:
Steady-state simulation and optimization of LNG processes is difficult because of 


tight integration and small temperature differences between the streams. 


The UniSim and gPROMS models use different solution procedures, but both


programs have problems in converging. In this project the focus is on formulation


robust model approaches by combining the best from the UniSim and gPROMS 



models.


2.2:
In this project the focus will be on processes that take advantage of arctic


temperature conditions. 

Co-supervisor: Magnus G. Jacobsen 

The projecta will be in cooperation with Statoil (Jostein Pettersen)
3:
Design of integrated distillation columns for separation of multicomponents mixtures 
3.1:
Integrated Process Design. Integrated (simultaneous) design is defined as the

development of a chemical process by considering both steady-state economics and

dynamic controllability at all stages of flowsheet synthesis. The basic notion is that

the dynamics of the process are vitally important in its ability to operate efficiently 

and safely and to make on-specification products with little product-quality

variability. 


First, the need of simultaneous consideration of design and operation and the

conflicts between steady-state economics and dynamic controllability will be studied.

Afterwards, a good process design and control structure design will be done

 considering the steady state objectives and good controllability performance. 

The model is provided is UniSim/HYSYS and the tool for manipulating the HYSYS model and doing the rest will be in MATLAB. 


3.2:
We have worked for many years on new integrated distillation sequenses, including 


Petlyuk distillation and the Kaibel column. 


More specifically, the goal of this project is to look for the optimized thermally coupled

distillation sequences for multi-component separations. A rigorous model is developed in

UNISIM and MATLAB or GAMS will be used for the optimization. So, the capabilities 

of both software systems are used at the same time. Different alternatives are simulated in

UNISIM and then the best option should be selected considering the energy savings

through a proper optimization of the interconnecting streams.

3.3:
Comparison of two plant-wide control strategies for the case of 4-product Kaibel


column. (Skogestad’s method and Luyben’s)

Co-supervisor on all these projects: Maryam Ghardran and Ivar J. Halvorsen (SINTEF)
4:
Control and optimal operation of Kaibel distillation columns
We have build an experimental column which is in operation. The obkective of the project is to design and test out advanced control strategies, for example MPC, both in simulation and in experiments.

Cospuervissor: Deep Dwiwedi

5:
Stabilization of two-phase flow in risers from reservoirs (anti-slug control)

(in cooperation with Siemens)

These project are motivated problems with riser slugs in offshore fields in the North Sea. All projects are in cooperation with Siemens (Fredrik Dessen) and the multiphase group at the Department of Energy and Process Engineering (Prof. Ole Jørgen Nydal). 


5.1:
Control strategies for gaslift. First stabilization of standard gas lift is considered. Then the objective is to extend this to the case where also the topside valve is used as an MV. This will give two MVs which may be useful for extending the usuability. 
Co-supervisor: Esmaeil Jahanshahi (PhD student)

      5.2:
Comparison and controllability analysis of alternative simple models for use for stabilizing control using topside measurements. (extension of project by Anette Helgesen)


1.
Compare and analyze alternative simplified model of the process.


2.
Controllability analysis



3. 
Use of advanced control based on topside measurements (Kalman filter, LQG etc.)



4.
Implement on simulation (OLGA) and expreiment
Co-supervisor: Esmaeil Jahanshahi (PhD student)

      5.3:
Robust anti-slug control strategies. This will involve experimental work on three different rigs, and comparisons with models and dynamic simulation, with the objective to develop a robust anti-slug control scheme. For example, a hierarchy with flow control (or top pressure control), bottom pressure control and valve position control will be tested out. 

  Co-supervisor: Esmaeil Jahanshahi (PhD student) 

 
6:
Dynamic simulation of alternative control strategies  

Co-supervsior: PhD student Ramprasad Yelchuru
The objective is to simulate and compare alternative base (regulatory) control structures on some case studies using dynamic simulation (Hysys/Unisim). 

Links to descriptions of the software:

http://hpsweb.honeywell.com/Cultures/en-US/Products/ControlApplications/AdvancedControlOptimization/ProfitController/default.htm
 http://hpsweb.honeywell.com/Cultures/en-US/Products/ControlApplications/Simulation/default.htm
        7:
Optimizing control of heat exchanger networks
The objective is to maximize the heat recovery during operation and identify possible self-optimizing variables. Possible applications include crude oil preheating networks and districting heating. 

Co-supervisor: PhD student Johannes Jäschke

8:
A new method for soft sensing based on the nullspace method (self-optimizing control)
A new estimator based will compared with standard estimators (PLS, PCR) on several problems, ranging from standard challenge problems, as well as composition estimators for distillation columns, including Kaibel distillation columns. 
Co-supervisor: PhD student Johannes Jäschke and Maryam Ghardan
9:
Controlled variables from operation data 
By choosing a suitable control structure for a chemical process, it is possible to increase profits while keeping environmental and safety constraints in their specified limits.

Most conventional methods for determining a good control structure depend on the availability of a good process model. However, in many practical situations good models are difficult to obtain, because of the immense efforts required to develop and test a process model which is detailed enough to describe the process adequately, while easy to solve from a numerical point of view. 

A different approach is to examine data from a given process, and to analyse it in order to find a control structure which gives good performance. This project involves studying how data from a given can be used to extract good control strategies.

Co-supervisor: PhD student Johannes Jäschke
10 Here is the title and scope of work for Ahsan's (Ahsan Nazir) master thesis

Title: Modelling of oil-water two-phase flow with viscous oil

Scope of work:

A correct prediction of pressure drop and the flow regime of oil-water flow with viscous oil will be the main objective. This will cover the physical models for both stratified flow and dispersed flow.

For a dispersed flow, the main issue is the effective viscosity of oil-water emulsion. Systematic analysis of experimental data from different scales will be performed, the controlling parameters for quantifying the emulsion viscosity will be identified. The emulsion viscosity for both homogeneous and non-homogeneous dispersed flow will be modelled, the starting point will be the existing models from open literature. Both oil-in-water and water-in-oil emulsion will be studied.

For a stratified two-phase flow, the major issue will be the droplet entrainment and deposition, the correct prediction of entrained droplet concentration will be is essential for pressure drop prediction. The droplet diffusion model in both laminar and turbulent flow will be studied, and sensitivity study for different closure model will be performed and relevant models will be developed. These models will be: droplet size, diffusion coefficient, emulsion viscosity for a stratified flow, etc. The existing experimental data will be used for the model development and verification.

The performance of the model for predicting the flow regime transition will be examined.

The in-house code or special version of the OLGA point model will be used for the model development. Both codes are written in FORTRAN, and the code can be run within the MATLAB environment. Statoil will make sure the all software and source code will be available and the work will be performed in Statoil Research center.

Advisor in Statoil:

Zhilin Yang

Note that the topic  for M.U. Idrees will be the modelling of slug flow with viscous oil. The details will come to you later, and Dr. Peter Sassan Johansson from our group will be responsible for the guidance.

With best regards,

Zhilin Yang
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