HTC News Expres

CO:

Carbon Capture
Design & Supply

Enhanced Oil Recovery

Carbon Credit
Management

Geological Storage

HTC Head Office:

#002 — 2305 Victoria Ave.
Regina, Saskatchewan
Canada S4P 0S7

T: (306) 352-6132

F: (306) 545-3262

Worldwide Offices:
Calgary, Canada
lowa, USA
Sydney, Australia

General Inquiries:
info@htcenergy.com

Investor Relations:
investorinfo@htcenergy.com

January 26, 2012

World Coal Power Technology Magazine Features
HTC’s PDOEngine™

HTC was recently invited to submit a technical article for the inaugural issue
of World Coal Power Technology Magazine. World Coal Power Technology
provides coal-fired power industry members around the world with the latest
in industry trends and technology.

Below is a copy of the 2 page article authored by Dr. Ahmed Aboudheir,
HTC’s Chief Technology Officer. Dr. Aboudheir’s article focuses on HTC’s
Process Design and Optimization Engine (PDOEngine™) which is used to
design new large-scale CO, Capture Plants, and also in optimizing existing
plants with or without additional investment.
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C Purenergy is using its Process Design and
I—Iépﬁmizaﬁon Engine, (PDOEngine™) to optimise
existing industrial plants and to design new large-scale
plants for carbon capture and storage (CCS) and many other
industrial processes.

The PDOEngine is a unique design and optimisation
approach based on HTC’s cumulative experience and rigorous
models to perform the following activities accurately and cost
effectively:

® Process design and comprehensive material, momentum
and energy balances.

Optimum allocation of scarce resources.

Equipment and unit operations sizing.

Capital and operating cost estimation.

Sensitivity analysis.

Process troubleshooting, debottlenecking and optimisation.

The rigorous models used by the PDOEngine team are based
on models developed in-house and proven commercial

programmes, both of which have been engineered to perform
the above applications. Depending on the application, the
models take into consideration the coupling between mass
transfer, energy transfer, momentum transfer, chemical
equilibrium and/ or chemical kinetics.

The following is a case study about optimising the operation
of an existing 150 tpd CCS plant using the PDOEngine.

Case study

Arate-based model has been formulated to predict the
behaviour and performance of an existing 150 tpd CCS plant.
The model is also used to plan the operating conditions for
optimum utilisation of the resources, such as material, utilities
and units capacity. In addition, the developed rate-based model
is used to explore the feasibility of changing the solvent
concentration, altering the existing equipment and changing
some of the operating conditions. The optimisation study
demonstrated that it is possible to minimise the operating cost
and to enhance the production capacity at minimum additional
investment.

Reprinted from | World Coal Power Technology | 2011



Plant description

The existing CCS plant was built to
recover CO, from flue gases generated
in coal-fired steam boilers by using

16 — 17 wt% Monoethanolamine solvent
(MEA). A slipstream of 5 - 6% of the
flue gas is taken from the coal-fired
power plant and sent to the CCS plant
through two blowers operating at 60%
capacity. The flue gas enters the CO,
recovery facility at the flue gas
scrubber in order to reduce the SO,
concentration to less than 10 ppmv.
The flue gas is further cooled to 40°C
before entering the amine absorber
column. The major equipment in the
plant includes SO, scrubber, flue gas
cooler, CO, absorption column, solvent
stripper column, solvent reclaimer and
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filtration system. The captured CO, is
sent to the purification/liquefaction
package for food grade applications.

Optimisation approach and
key findings

A rate-based modelling approach is
used to simulate the performance of
the CO, capture plant using plant
process flow-sheet and operating
parameters, including:

® The flue gas rate/ composition.

® Solvent rate/composition.

® Heat stabilised salt (HSS) content in
the solvent.

® Temperature/pressure of major
streams.

® Steam flow rate/condition.
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Figure 1. Measured and predicted performance data of the 150 tpd CO, capture plant.
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Figure 2. Effect of increasing the feed flue gas rate and/or the packaging type on the

CO, production capacity.
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Comprehensive material and
energy balances were produced by
the rate-based model based on the
input parameters of the existing plant.
Figure 1 shows a comparison between
the actual plant data and modelling
results. The average absolute
deviation of the predicted parameters
from the measured parameters is +8%.
Subsequent to the simulation results,
the PDOEngine is used to plan the
operating conditions for optimum
utilisation of the resources, material,
utilities and units capacity.

Plant optimisation without
additional investments

Two optimisation scenarios have been
carried out for the optimum utilisation
of resources without any change in
plant configuration or equipment
modification. First, operating the plant
with the new recommended lean/rich
solvent approach will reduce the
circulation rate by 19% and the steam
consumption by 21%. Second, since the
plant blowers are operated at 60%
capacity and the existing columns are
not fully utilised, it is possible to
increase the production capacity of the
plant using the existing resources.

The feed flue gas rate can be increased
by 30% without violating the main
design parameters such as the flooding
factor within the absorption column.

Plant optimisation with
additional investments

The feasibility of altering the solvent
concentration and /or packing of the
absorber column to enhance further
the production capacity and/or
further minimising the operating cost
have been explored. First, changing
the MEA solvent concentration from
16 to 20 wt% will reduce the solvent
circulation rate by around 40% and
steam requirement by 21%. This will
significantly reduce the operating
expenses of the plant. Second,
changing absorber column packing
from 2 in. pall ring to high
performance IMTP40 and increasing
flue gas rate by 30% will increase
production capacity by additional
42 STPD (Figure 2) and reduce the
specific steam consumption by 29%
from the current operating
conditions. €



