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Introduction

This document is the Waste Heat Recovery Power
Generation (HRPG) Sector Support Package and HRPG
Best Practice Guide for the Chinese coal-gangue brick-
making sector. The package has been developed on
the behalf of the United Nations Industrial Development
Organization (UNIDO) under the project ‘Promoting the
Adoption of Heat Recovery Power Generation in the
Coal-Gangue Brick-Making Sector’ which was included
in the Spanish MDG-F funded ‘China Climate Change
Partnership Framework’ programme.

The package has been compiled based upon information
gathered from several sources, including:

* Feasibility Study Reports (FSRs) for the two HRPG pilot
projects developed at the Hebei CECEP New Material
brick factory located in Hebei Province (hereinafter
referred to as Hebei CECEP) and the Xinrong New
Building Material brick factory located in Shanxi
Province (hereinafter referred to as Xinrong) prepared
by Xi’an Research and Design Institute of Wall and Roof
Materials (hereinafter referred to as Xi'an Research
Institute).

* The engineering study material provided by the HRPG
boiler manufacturer, Sichuan Guoli Energy Science
and Technology (hereinafter referred to Sichuan
Guoli). These materials were provided to Camco via
the Ministry of Agriculture (MoA) Project Management
Office (PMO).

* The results of a full technical, economic and financial
assessment of the pilot project at Hebei CECEP,
undertaken by Camco.

» Expert input gathered from discussion with Xi'an and
Sichuan Guoli during several expert workshops held in
Beijing at Camco’s offices.

This document is arranged into four sections:

1.What is HRPG? Detailing the brick making process,
HRPG technology and costs.

2.Why do HRPG? Explaining the technical, economic,
environmental, social and policy benefits.

3.How to develop HRPG? This section includes a case
study on the Hebei CECEP pilot project and covers the
following aspects of HRPG project development:

* Overview of HRPG equipment (describing boiler
pressure vessel, heat exchanger, generator set, etc) to
be procured.

« Staff training, project operation and maintenance.

» Energy balance and energy efficiency.

+ Technical economic and financial performance.

» Overview of national equipment, build and testing
standards.

* Project development design and FSR development.

* Relevant planning, regulatory
development steps and time line.

aspects, project

» Useful contacts and next steps to be considered when
considering developing an HRPG plant.

4.HRPG investment self-assessment model for coal-
gangue brick factory owners prepared in Microsoft
Excel. The model is accessible on a CD attached at the
back of the document. Simple user instructions for the
HRPG investment self-assessment model are included.

2 x heat recovery boiler drums (3 tonnes/hour) and deaereator 241 F[FICER Y VAL (3 AW/ ) A< 2%
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1 What is heat recovery power generation?

This section provides an introduction to waste heat
recovery and waste heat recovery power generation
technology and explains how this can be applied to
coal-gangue brick-making factories. The costs, potential
revenue and investment returns are introduced also.

1.1 Waste heat recovery

Waste heat is thermal energy in the form of heat that is
produced in an industrial process where fuels such as
coal, oil or gas are burnt to drive the process, with the
resulting heat energy being dumped or vented into the
atmosphere.

Waste heat recovery is where a portion of this heat energy
is captured and used to do some form of useful work.
Large volumes of waste heat are produced at various
temperatures in many industrial processes. For example,
high temperature waste heat (in the range of 650 to
1,650°C) is produced by dry-process cement kilns, iron
and steel furnaces, waste incinerators, glass furnaces,
and the process of coking. Medium temperature waste
heat (in the range of 230 to 650°C) is produced by steam
boiler exhausts, gas turbine exhausts, heat treating
furnaces and drying and baking ovens — including brick
firing ovens/kilns.

Waste heat recovery (WHR) is a very common energy
efficiency measure which can improve the efficiency of an
industrial process and reduce overall energy costs. For
example, a boiler economizer is a heat exchange devices
fitted to a boiler which saves energy by using the exhaust
gases from the boiler to preheat the cold water used to fill
it (the feedwater).

1.2 Heat recovery power generation

Waste heat recovery power generation (HRPG) involves
recovering waste heat in an industrial process and
utilizing the thermal energy in the waste heat to generate
electricity. This normally involves using a conductive heat
exchanger and boiler system to raise steam (the steam
cycle), and a steam turbine to run a power generator to
produce electrical power (the power cycle).

The coal-gangue brick-production process

The coal-gangue brick manufacturing process generally
consists of the following six main steps described below.

1.The coal-gangue is crushed and
pulverized along with another rock
(shale, for example) at a specific
ratio. The mixture is then stirred and
mixed.

Preparation

2.The powdered mixture is then
blended with water after which the
resulting plastic-like material is
placed in an aging pool via a belt
conveyer where it is aged for at least
three days.

Ageing

3.After the aging process the coal-
gangue paste mixture is removed
from the aging pool by a stirring
extruder and mixed with more water
in a massing machine. When this
treatment is complete, the material
is then formed into long wet “green”
brick strips by a vacuum moulding
brick extruder. The resulting strips are
then cut into green bricks according
to the required brick dimension by an
automatic wire cutting machine.

Mould & cut

4.The wet green bricks are then loaded
and stacked on the brick carts which
are mounted on rails and sent to be
dried in twin drying chambers. Drying
can take around 24 hours.

5.Finally the carts containing the dried
green bricks are loaded into the brick
firing kiln where they are ignited and
the coal particles contained within
the bricks begin to burn and drive
the firing process. The firing process
is continuous. Each brick carts move
through over 30 or so different cart
positions one by one and standing
at given position for between 15-20
minutes. It can take at least 36 hours
for one cart to enter and exit the kiln.

T
G
S
&
T

Cooling &
6.The fired bricks are then allowed to dispatch
cool before they are packed ready

for storage and/or delivery.

6 PROMOTING THE ADOPTION OF HEAT RECOVERY POWER GENERATION IN THE CHINESE COAL-GANGUE BRICK-MAKING SECTOR



1 HHARKRMEI L E?

AR A A G A RISCR R DU AR, I W]
PRAZ B ] TR A6 ] ATTIBRE A A
AL 2 A B [

1.1 RIAEYL

RAGE TN R P A [ RIS AR (D ARE, X
SeRd FE rp A ERBEIARE (i, A ORI D R
s 7y, RIER TG S RER R HE B R R

RO SRBCER L — B0 IR RE IR JLR A O 5
MBS VP2 AR T Rl A K
ANFRR R R flhn, TRk BOSEIne
b BERAERER . BRI DL R BRI RE 2 i
R (650 42 1,650°C) o Z&VUINHEAL ke
R AEE DR T BRAE AR (LA R b/
whO WA (230 2 650C) .

ARFRPISL(WHR)E — I & H LIS T REST I, & nl 3%
i VI RE (2R I F PR AR RESAS . B,
B — BB AE I BRI PSCRRE, R 4
A mb o H R ORI TR B PR K CRR 45 /K0
BEAT T, LR 2 R ROR -

1.2 RPENELR

ARIRECE L (HRPG) KR RIS Tk f b ) A 2ot
A AP IR E A Lo 1 o B 3 e A s
AP AR GOR A2 GRIUEA) , RIEAHIZER
AL S AR AL (BRI

BT A il ) 2B e R

B Ao A i Rl W A L NS B DR

1R BT A0 5 55— Bl sURE Cln o Hil4
HO R E RTINS
R SRR
2. B R AR S BOIN K B PR l

B BAJG 6 {25 0 T A 9B A
BARE THALCH, Wi b «
=%

3. ML FEgi AR, R 2 208
HLBL LA URAS AT A7 B AL VR 5
FENERAL G B, SRR AR50 )
PEFEL A DI K 23 BEAT 78 70
PR, AR, RS
Gt I HURS M B0 TR 5 R 5 L e
IR AL UIFINRSE
i A FUST K T AR 2 DDA il T

RSN IE

}
}
“III.’

4. AR5 B I VT A B L 1 %
RN, DETTERE S TR S T
B TARINTKZ 024 N

5. fJa, AT TIRA RN & e
NI FLR Be e Ribe, 1l R b Bl
FIRRE CLEandit) fEf B2 T ia
ke, @i, keke, R A
AR AABY B Rt — ik
ML Fe . RRAN 7 AKX AS B i
30 ZAAFAAIFAEL EN E T
[ 52 15-2070 Bl e — S A ZE AEN
BB I 7 22 /D 236 /M

6. SR JE R AN be 4 it 47 1 LAAE -+

e EseS e

I EERTA SRR B L B AR A TR S RIESKRER 7



1.3 Residual waste heat from tunnel kilns

Coal-gangue brick making enterprises in China commonly
use tunnel kilns (also referred to as continuous kilns). A
tunnel kiln is a long structure in which normally only the
central portion is directly heated. From the cool entrance,
bricks are slowly transported through the kiln, and its
temperature is increased steadily as it approaches the
central, hottest part of the kiln. In a tunnel kiln, dry bricks
are loaded onto a fireproof trolley or kiln car. This then
travels very slowly through the kiln. It is essential for tunnel
kilns to run on a continuous basis for as long as possible
between shutdowns. The length of firing cycle and peak
temperature is dependent on the brick type.

In brick-making, one of the reasons why tunnel kilns are
considered to be fuel efficient compared to other kiln types,
is because the waste heat in the flue gas emitted from the
firing zone is recycled to dry and preheat the green bricks
before firing. A disadvantage of tunnel kilns is that they
have a large mass that absorbs a lot of heat from the firing
zone which is then lost. On the other hand, some of the
residual heat from the kiln can be either reused to preheat
combustion air or re-circulated to the drying process.

In coal-gangue brick-making, tunnel kilns are heated
by igniting the coal-gangue in the brick. This can raise
temperatures of between 900 and 1200°C. The combustion
rate and kiln temperature is controlled manually by varying
the quantity of coal-gangue in each brick (i.e. the fuel) or
by varying the supply of combustion air. Fans supply air
at the end of the kilns. Induced draft fans are also used
to draw air through the kiln. The composition of coal-
gangue and other raw material in each brick varies. The
net calorific value (NCV) of the coal-gangue ranges from
2 to 6 mega joules (MJ) per kilogram (kg). Most of the
combustible material can be burnt in the kiln. An example
tunnel kiln temperature profile is shown in Figure 1.

Figure 1 Tunnel kiln temperatures at selected cart positions and
measured temperatures (based on Hebei CECEP pilot).
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Thermal energy is lost during the production process in
the form of heat convected into the wider environment
from the kiln walls, emitted from the entry and exit points,
heat in the flue gas and air extraction system and as heat
in the fired bricks (as shown in Figure 2). The heat loss
provides a significant source of waste heat that can be
recovered for use elsewhere in the process. Heat loss
from conventional tunnel kilns provide an opportunity
for recovery of medium-temperature waste heat power
generation.

Figure 2 Forms of heat loss from tunnel kilns.

1.4 Integrating HRPG into coal-gangue brick
making

The HRPG technology introduced in the UNIDO project
can be integrated into a brick production line with two
tunnel kilns, operating side by side. This enables electricity
to be generated from the waste heat emitted from the
brick tunnel kilns. The recovered energy can power the
equipment in the brick preparation process (consisting
of mainly electric motor system). HRPG electricity can
replace the need for grid electricity and thus save almost
all grid electricity costs. The operational goal of HRPG is to
match power generation with power demand and replace
100% of grid power use.

The HRPG system uses the residual heat (between 250
and 900°C) from tunnel kilns of coal-gangue and shale
brick-making lines. During the brick-making process, the
high-temperature residual heat collected from the kilns
can be used for HRPG and generating power via a steam
turbine generator set, whilst the lower-temperature heat
(100 to 200°C) discharged from the kiln can also be used
for drying green bricks in the drying chamber.

8 PROMOTING THE ADOPTION OF HEAT RECOVERY POWER GENERATION IN THE CHINESE COAL-GANGUE BRICK-MAKING SECTOR
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1.5 The HRPG system

The HRPG system combines stable and reliable
equipment, which are widely available in China, together
with an innovative proprietary technology (patent number
Z1.200920078878.1) to recover the residual heat resource
from the brick line using a waste heat recovery boiler
system positioned on top of the twin tunnel kilns. The
HRPG system consists of a thermal steam system, water
treatment system, power system and monitoring and
control system. This technology can be integrated into
a new build project or retrofitted to existing tunnel kilns.
Figure 3 shows an overview of the 1 MW rated HRPG pilot
system installed at Hebei CECEP.

Thermal system

The thermal system is made up of three heat exchangers,
two 3 tonne/hour boilers, turbine, deareator, feed water
pumps, other pumps and piping. At Hebei CECEP, the
heat exchangers (economizer, evaporator and super

heater) are installed on top of the kilns to recover the
waste heat from the kiln. The economizer is installed

at cart position number 25, the evaporator is located at
number 22 and the steam super heater between number
17 and 20. The raised steam drives the steam turbine
which drives the power generator (current designs are
rated between 1 and 1.5 MW). The steam turbine is a
mechanical device that converts thermal energy from the
pressurised steam to mechanical energy. The saturated
steam passes through the condenser and the condensed
water passes through the deaerator and is then returned
as boiler feed water to the boiler via a water pump thereby
completing the cycle. A water supply system, condenser
and cooling tower is also in place.

Water supply and treatment

The water treatment system consists of a fresh water
pre-treatment reverse osmosis and an automatic water
softening system to provide de-mineralised water to the
boiler system.

Figure 3 HRPG pilot project installed at Hebei CECEP designed by Sichuan Guoli. Source: Schematic diagram from Hebei CECEP

engineering study material.
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Electric power system

The Hebei CECEP pilot uses a 1 MW rated power system.
This is a conventional design and consists of a 400 volt
(V) output power generator, switch gear, circuits, power
transfer cabinets etc, and connection to the factory grid
via a 400 V power cable. The system is connected to the
national grid but Hebei CECEP is not allowed to supply to
the grid. The design capacity of the steam turbine is 0.85
MW. Back-up power is provided by a diesel generator.

Thermal monitoring and control system

The control system controls the boiler and steam turbine
and includes full communications equipment. The
monitoring system uses metering instrumentation to
measure operational parameters such as temperature,
pressure, water level and flux volume. Operation data is
collected by the central monitoring system in the control
room. Safety critical systems are installed including audio
and visual alert systems, generator protection system,
protection equipment for the 400 V contact line, fire
protection system and automatic control devices.

1.6 Investment cost

Total investment costs for engineering, procurement of
equipment, construction, installation and maintenance
ranges from approximately 10 to 12 million RMB, based
upon existing project costs and FSR cost estimates
developed under the UNIDO project.

Table 1 Investment cost (10,000 RMB) for 1 megawatt (MW)
system at Hebei CECEP.

Construction
costs

Other
costs

Total

Installation
costs

Acquisition
costs of equip-
ment

66.53 116.90 739.50 78.97 | 1001.9

Costs vary depending on several factors, including:

* Project type (e.g. integrating HRPG into newly built
kilns or retrofitted into existing kilns).

+ Size of turbine (e.g. 1 to 1.5 MW).

Table 2 Equipment cost breakdown (10,000 RMB) for 1 MW

system at Hebei CECEP.

Item Equipment Cost

1 Thermal System 516.30

2 Water treatment system 40.00

3 Water supply system 2.00

4 Electricity system 130.20

5 Thermal control system 51.00
Total 739.50

1.7 Revenue and return on investment

HRPG provides financial benefits to brick enterprises
through energy cost savings. HRPG systems of 1 to 1.5
MW are small power plants and therefore may not be
allowed to sell power to the national grid. Revenue comes
from cost savings by replacing grid electricity consumption
with power generated by the HRPG system itself.

The internal rate of return (IRR) is a rate of return used in
capital budgeting to measure and compare the profitability
of investments. IRR analysis can indicate the financial
performance of a HRPG project investment. For example,
the project IRRs given in four FSRs developed under the
UNIDO project range from 20 to 30%. IRRs vary depending
on a number of factors including the following.

» Production line brick capacity (which affects the amount
of heat and steam that can be produced).

* Quantity of power generated by the HRPG system.
« Tariff and quantity of grid electricity replaced.

» Capital cost of purchasing, constructing and installing
system and operation and maintenance costs.

The required rate of return can vary depending on the
investment criteria, requirements and expectations of the
brick enterprise or investor.

Figure 4 Post-tax IRR of HRPG investment compared to kiln
brick production.

% IRR

50 ’//
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2 Why should you build HRPG?

This section explains the benefits of implementing HRPG
technology in coal-gangue brick-making tunnel kilns and
uses a simple financial analysis to show the financial
benefits. The key risks are also outlined.

2.1 What are the benefits?

Implementing HRPG at a coal-gangue brick-making
factory will bring many benefits technical, financial,
environmental, social and policy:

Technical benefits

 Improved operation, monitoring, control and safety of
tunnel kilns.

 Improved brick production quality control.
* Improved production line energy efficiency of 15 to 20%.

» Proven HRPG technology solution with full engineering,
procurement and construction (EPC) and maintenance
services offered by manufacturer. Build-time for retrofit
installation is approximately 12 months from design
to commissioning with production line downtime of
between 1.5 and 2 months.

* HRPG technology can be retrofitted to existing kiln or
integrated into new build projects.

Financial benefits

+ Up to 100% saving on grid electricity costs of production
line. The amount of waste heat from two tunnel kilns
can produce steam and generate enough electricity to
meet the demand of a coal gangue brick-production line
and a proportion of other factory power use.

» Captive power plant with potential to become energy
independent, reducing exposure to coal and electricity
price increases.

« Effective return on investment of between 20 and 30%.

Environmental, social and policy benefits

* Increased employment and training opportunities for
local work force.

» Improved local and global environment through reduced
pollution and reduced carbon emissions by 15 to 20%.

» Compliance with environmental, energy efficiency and
low carbon policies.

* Sector leadership opportunity for energy efficiency.

2.2 Is it a good investment?
Required rate of return

The IRR indicates the financial performance of a HRPG
project investment. The HRPG project investment IRR will
depend on a number of factors. The maximum potential
return is linked to on-site electricity consumption and the
cost of purchasing the electricity from the grid. Table 3
shows the range of returns and power production potential
for tunnel kilns based upon data from four project FSRs
developed under the UNIDO project.

Table 3 Capacity and estimated IRR range for small, medium
and large-scale coal-gangue brick production lines.

Small scale Medium scale Large scale
Brick/year 60 million 90 million 120 million
IRR 20% 25% 30%

Power generation and cost saving

Table 4 outlines the variables which determine how much
electricity can be generated by HRPG and the cost saving.
These factors will have a material impact on the amount of
utilised electricity generated by HRPG and, therefore, the
return on investment.

Table 4 Factors affecting how much electricity can be generated
by HRPG.

\EUENS Description

% Operational capacity The number of bricks per day that are
processed relative to the full capacity
of the production line.

If the plant is run below full capacity
then the amount of recoverable waste
heat from the kiln(s) is reduced, and
generation capacity of the HRPG is
therefore reduced.

The net calorific value (NCV) of the
coal gangue that is put into the kiln(s)
is what determines the quantity and
quality of recoverable waste heat.

Net Calorific Value of coal-
gangue (KJ/kg) and quantity
of coal gangue in each brick
(kg/brick)

If the NCV is low, then a greater
quantity of coal-gangue in the
bricks is needed to raise the kiln
temperature to the required level.

Downtime If any downtime is required which
prevents the kiln(s) from generating
any heat, then no energy can be

recovered to power the HRPG.

Impact of production size

Electricity is used in the preparation and processing of
coal-gangue prior to entering the kiln(s). The energy
efficiency of preparation and processing varies
considerably with the scale of production, with larger plants
being over 50% more efficient than small scale factories.
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Marginal power consumption per brick

Again, based upon data from four project FSRs developed
under the UNIDO project, Figure 5 shows the diminishing
quantity of electricity needed to process the coal-gangue
for each individual brick from a plant of increasing scale.
Therefore, provided that the HRPG is correctly sized,
the marginal return per brick will be higher for smaller
scale plants than larger scale plants. This marginal cost
saving coupled with the capital cost (of HRPG equipment,
installation and commissioning) dictates the actual returns
on investment that can be realized.

Figure 5 Marginal power consumption per brick.

HRPG turbine size and potential IRR

The HRPG turbine size should be sized accordingly to
utilise the optimum quantity of waste heat and steam
production to generate up to 100% of the electricity
demand. For brick plants above 100 million bricks per
year scale, the HRPG unit is sized between 1 and 1.5 MW
effective capacity. Below 100 million bricks per year scale,
HRPG investment costs appear to be relatively constant
at around 10 million RMB. Above 100 million bricks per
year scale, there is a significant increase in the capital
outlay, from approximately 10 to 15 million RMB. The IRR
also increases with production size, as shown in Figure 7.

Figure 7 Post-tax IRR of HRPG Investment.

o

L LR

P F qaensuam i inn paed Bk (Wh)
¥ T

Brick production peryes

Capital investment cost

The capital investment required for the installation and
commissioning of new or retrofit HRPG technology does
not increase directly with increasing scale. The major
components of a HRPG unit are the heat exchanger, boiler
and turbine. The influence of increasing brick production
line capacity on HRPG project capital cost is shown in
Figure 6.

Figure 6 HRPG investment cost and installed capacity.
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2.3 Risk analysis

The main risks associated with the construction and operation of the HRPG pilot project at Hebei CECEP are presented
in Table 5, together with a measure and description of likelihood and consequence, and an estimate of overall risk level.
The likelihood of most of these risks occurring is low. The overall level of risk is low to moderate.

Table 5 Planning, financial, technical and operational risks.

Phase Risk Likelihood Consequence Risk level
Planning FSR not approved by NDRC or grid Low. NDRC promote uptake of this | Moderate. Normally, captive Moderate
connection not approved by State Grid | technology in brick sector. power plants must be grid
connected.
Construction | Unplanned production downtime due Low. No delays at Hebei. High. Downtime results in lost Moderate
to construction Construction completed in about 9 | revenue for brick enterprise
months. affecting profit.
Construction | Construction cost increase Low. No cost increase Medium. Small sized projects Moderate
encountered. with IRR of <20% may be
sensitive to increase costs.
Operation Unplanned production downtime due Low. Components are well-tested, Low. Components can be Moderate
to boiler equipment malfunction industry standard, good reliability replaced quickly with little
etc. downtime. Kilns can keep
operating if boiler is in standby
mode.
Operation Poor operational performance of Low. Hebei works at 76% and Low. Grid power can be used as | Low
HRPG system meets 100% power demand of back up.

production line.

Operation Power system failure Low. Power system uses Low. Grid power can be used as | Low
necessary protection systems and | back up.
standardised equipment.

Operation Increase in operation and Low. Operation team does not need | Low. O&M costs are low Low
maintenance costs extensive training programme. compared to capital cost.

Financial Power tariff drops reducing cost Low. Power tariff has remained Medium. Reduces cost saving Moderate
savings relatively stable in 2010, on and increases payback period.

average 0.566 RMB/KWh,
fluctuating £12%.

Financial Reduced tariff is still charged by State | Medium. This is quite normal for Low. The fee is typical very low Low
Grid for transformer substation captive | captive power plants. <0.05 RMB/KWh.
power plant

Deaereator [iii’ <25
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3 How to develop a HRPG project? Case study: Hebei CECEP HRPG pilot

This section is a detailed case study of Hebei CECEP
pilot project and a procurement plan. This contains a
time schedule for implementation and a list of operational
considerations, together with next steps.

3.1 Overview

A 1 MW rated HRPG system has been successfully
constructed and commissioned at Hebei CECEP in
September 2011. The pilot has been built on an existing
coal-gangue brick-production line. This section describes
the HRPG system design. The thermodynamic design is
shown in Figure 8.

Tunnel kiln waste heat recovery boiler

The HRPG system uses one boiler drum installed on top
of the cooling zone of each tunnel kiln to collect waste
heat of between 200 and 950°C. Heated by the boiler
economizer, hot water is fed into the steam drum and runs
through the downcomer into a container at the inlet of
the heat exchanger (evaporator), and is then distributed
into each heat-exchange tube. The steam-water mixture
flows into a container at the outlet of the heat exchanger
and then runs through risers into the steam drum of the
boiler. Saturated steam is then separated from the steam-
water mixture in the drum and enters into the superheater

Heat recovery boiler drum (3 tonnes/hour)

reaching temperature of between 340 and 400°C at the
pressure of 2.45 MPa. The superheated steam is then
piped into the turbine set. The superheater is located on
top of the cooling zone of between 600 to 950°C. The heat
exchanger tubes are installed within the internal wall and
on top of the kiln.

Figure 8 Thermodynamic design of Hebei CECEP pilot including pressure, temperature, flow and enthalpy. Source: Thermodynamic

diagram from Hebei CECEP engineering study material.
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1.Waste heat boiler in tunnel kiln
2. Turbine

3.Generator

; - (;T;)

4, Deaerator

5.Deaerator water lank
B.Two-stage steam jet air ejector
7.Condenser

&.Feed water pump

8, Condansate pump

10. Continuous blowdown flash
tank
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Table 6 Description of main HRPG equipment for procurement.

Equipment Quan- Description

name and tity
type

1 HRPG boiler | 2 » Rated steam pressure: 2.2 to 2.45
MPa

» Rated steam temperature: 300 to
400°C

* Rated steam output: 2 x 3 tonnes/
hour

* Boiler blowdown percentage: 1%

» Positioning on top of the kiln

2 Condensing | 1 * Rated power: 1.0 MW

steam * Rated speed (rpm): 6500/1500 r/min
turbine » Rated steam-intake pressure: 2.35
Type: N1.0- MPa
2.35/390 » Rated steam admission temperature:
340°C
* Rated air-intake: 5.8 tonnes/hour
» Steam exhaust pressure: 0.01 MPa
3 Power 1 » Rated power: 1.0 MW
generator * Rated speed: 1500 r/min
Type: TZHW * Output electricity voltage: 400 V
3560L4- * Frequency: 50 Hz
1000/400
Turbine set

The superheated steam from the boiler is fed into the
turbine generator. The residual heat from each kiln can
produce 850 kW and supply around 770 kW of electricity.
The steam from the turbine is fed into the condenser
which is transformed into condensate. The condensate is
returned to the boiler deaerator using a pump. The output
power of the turbine generator is 400 V. It is connected to
the internal power grid. The output cable is 80 by 8 copper.
The switchgear, power transformer cabinet, protection
cabinet, auxiliary control cabinet and thermal control
cabinet operate according to GB50171, GB50172 and
GB50168 national standards.

Steam turbine and generator set

Table 7 Key technical and financial parameters of Hebei
CECEP HRPG pilot project.

No. Description Unit Parameter Comment

1 Installed capacity | MW 1.0
Average power MwW 0.85
Annual operation | Hours 7920
hours

4 Annual power Million kWh | 6.732
generation

5 Annual electricity | Million kWh | 6.1 Self-service
supply consumption:

9.4%

6 HRPG/residual kWh/10,000 | 673.2 Calculation
heat from 10,000 | bricks basis: 100
bricks firing million

standard
bricks
equivalent/
year

7 Energy savings t/a 2356
by HRPG

8 Total covering m? 450
area

9 Power station m? 378
housing area

10 Designated persons 10
labour

1 Estimated
investment
Fixed assets 10,000 1001.9
investment RMB
estimation

12 Financial benefit
Payback period Year 5.23 Including
(before tax) project
Payback period Year 5.53 coqst(:uctlon
(after tax) perio

3.2 Performance of Hebei CECEP HRPG
pilot

The HRPG pilot has been successfully retrofitted to two
tunnel kilns at Hebei CECEP brick factory. By September
2011, Sichuan Guoli and Hebei CECEP had completed
training and commissioning. Camco then assessed
the technical, financial and economic performance
of the HRPG pilot (post-commissioning performance
assessment). The HRPG pilot system was working safety
and generating power successfully.

The results of the post-commissioning performance
assessment are summarised overleaf.
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Conclusions on technical performance

» The HRPG system was operating safely and in good
working order.

* The 1 MW rated HRPG system generated around 0.76
MW of instantaneous power, which is considered to be
good when compared to design capacity.

* The HRPG system generates 100% of the electricity
used by the brick production line.

 The efficiency of the waste heat recovery boiler efficiency
was 39% (i.e. energy input in the bricks compared with
steam produced).

» The steam turbine power system has a design efficiency
of 22%. The actual turbine efficiency was only 15%.
This is due to an amount of steam being discharged
to the environment before the steam turbine so as to
match power generation with the power used by the
production line.

» Steam pressure output from the boiler system is 0.11
MPa lower than expected. However, steam temperature
is 25°C higher and flow is 0.3 tonnes/hour greater, than
the expected performance.

* The efficiency of the overall HRPG system is 6% (i.e
power output divided by total energy input into system).

» The Specific Energy Consumption (SEC) or the total
energy used compared with bricks produced was
calculated at 1.63 GJ/tonnes. This gives a primary
energy efficiency improvement of 16% (when compared
to the performance of a production line at Hebei CECEP
with no HRPG installed).

* HRPG reduces CO, emissions by replacing grid
electricity use. Based upon the measured technical
performance during the test, the expected annual CO,
reduction is around 5,500 tonnes/year.

Conclusions on financial performance

» The total capital investment of the Hebei HRPG pilot
is RMB 9,516,000. This is 5% less than the original
estimate given in the FSR.

* The revenue from the energy saving was 9,094 RMB/
day. This is equivalent to approximately 3 million RMB/
year (operating on average at 0.76 MW and assuming
an electricity price of 0.566 RMB/kWh).

 The financial analysis shows that, if the HRPG operates
at 0.76 MW on average for an estimated annual
operational period of 330 days/year, then the HRPG
project will save 3 million RMB in power costs. This
gives an IRR of 22% (pre-tax) for an investment term
of ten years.

3.3 Energy balance

A detailed analysis of the energy flow within the system
was conducted using the test data from the post-
commissioning performance assessment undertaken by
Camco. The quantity of energy captured in the waste heat
and converted into useful electrical energy was evaluated
to establish overall efficiency. Figure 9 overleaf shows
the energy measured at different points in the system
(in gigajoules) and the percentage balance. The flow of
energy input and output across the system is represented
in Figure 10 overleaf.

The total primary energy input into the system consists
of 95% fuel in the coal-gangue bricks (chemical energy).
The remaining 5% is thermal energy held in the boiler
feedwater. Around 42% of the energy contained within the
bricks and boiler feedwater is recovered as steam by the
HRPG system. The remaining 58% is lost as heat in the
flue gas, heat in the air supplied to the drying chamber,
uncombusted fuel in the bricks, heat in the fired bricks and
other losses from the kiln.

About 6% of the total primary energy input into the
system is converted into electrical power by the HRPG
equipment, 5% is recycled as boiler feedwater, 29% is lost
as condensate in the cooling tower, 2% is lost as steam
and 58% of the total energy is lost from the kiln.

Boiler feedwater pump and supply system
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Figure 9 Energy balance using GJ/day.
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Figure 10 Sankey diagram representing energy flow (fuel, power and losses) and balance of inputs and outputs.
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3.4 Energy efficiency and emissions reduc-
tion performance

Specific Energy Consumption

The Specific Energy Consumption (SEC) indicator is the
amount of energy consumed per unit of product output.
The SEC of the Hebei CECEP pilot brick production
line is the total energy consumed (e.g. coal-gangue
and electricity) per tonne of bricks produced. The SEC
calculated for the Hebei CECEP pilot during the post-
commissioning assessment is 1.63 GJ/tonnes. The
electrical energy generated by the HRPG system during
the test is secondary energy (116 GJ). To replace the
HRPG power with power from the grid would be equivalent
to 297 GJ of primary energy (assuming a grid generating
efficiency of around 39% in China). The baseline SEC
(i.e. the efficiency of the production line with no HRPG) is
therefore higher at 1.89 GJ/tonnes.

Energy Efficiency Indicator

The Energy Efficiency Indicator (EEI) indicates the energy
efficiency improvement as an increase in energy end-
use efficiency as a result of the technology change. In
this case, the EEl is the improvement of the coal-gangue
brick production line after implementation of the HRPG.
The EEI for the test was calculated to be 1.16, equivalent
to an overall 16% improvement in overall primary energy
efficiency and is the result of grid electrical power being
replaced by HRPG power.

Avoided CO, emissions

The avoided CO, emissions are equal to the emissions
avoided by replacing grid electricity with power produced
by the HRPG equipment (and applying an emissions
factor for grid electricity for the northeast Chinese grid).
The estimated annual emissions avoided is about around
5,500 tonnes/year.

3.5 Overview of equipment, build and testing
standards

Components of the Hebei HRPG pilot have been
constructed according to the following national standards
and guidelines:

» Power protection system - devised in line with the code
for design of relaying protection and automatic device
of electric power installation (GB50062-92).

« Lighting system - technical specification of the design
of lighting systems of coal-fired power station and
transformer substations (DLGJ56).

« Earthing and connection of lighting system - technical
specification of the design of the earthing of power
equipment (DL/T621-1997).

» Telecommunication system - technological specification
for the design of communications within a coal-fired
power station (DL/T5041-95).

» Technical specification of the design of water supply
and draining systems for civilian use and fire fighting for
power stations (DLGJ24-91).

» Noise control - codes for the design of noise control in
industrial enterprises (GBJ87- 85).

Heating and ventilation system design based upon the
following:

» Codes for the design of heating system, ventilation and
air conditioning (GB50019-2003).

* Codes for the design of small coal-fired power station
(GB50049-94).

» Technical specifications for the design of heating
system, ventilation and air conditioning in coal-fired
power stations (DL/T5035-2004).

The fire fighting system design is based upon the following:

» Fire prevention law of the People’s Republic of China.

» Fire prevention regulation in coal-fired power station
and transformer substation (GB50229-96).

» Fire prevention in the design of architecture (GBJ16-
87).

» Specification for fire protection of electric power
installations (DL5027-93).
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Environmental quality standards include:
* Ambient air quality standard (GB3095-1996, grade II).

* Environmental quality standard for surface water
(GB3838-2002, grade V).

+ Environmental quality standard for ground water (GB/
T14848-93, grade ).

+ Environmental noise standard for urban areas (GB3096-
93, grade ).

Environmental emissions standards include:

* Emissions standard for air pollutants from thermal
power plants (GB13223-2003, grade lII).

* Integrated wastewater discharge standard (GB8978-
1996, grade II).

+ Standard for noise at the boundary of industrial
enterprises (GB12348-90, grade ).

The following national technical guidelines are also
applicable to HRPG systems:

» Fixed power plant turbine specifications (GBT 5578-
2007) — this standard builds upon international standard
IEC60045-1:1991 and provides guidelines on steam
turbine power generation equipment.

» Parameter series of steam turbines for power plant (GBT
754-2007) — this standard specifies the terminology for
power generation turbines and a series of operational
parameters. It applies to a rated power level of 0.75 MW
or more.

Operation, training and maintenance

Hebei CECEP appointed 10 additional employees to run
the HRPG pilot with an annual average salary per person
of 21,000 RMB/year. The operation team consists of 9 staff
and 1 manager. Training was provided by Sichuan Guoli
staff at a cost of approximately 50,000 RMB in staff costs.

3.6 Project development process and time
line

Brick enterprises planning to develop a new-build HRPG
project can follow the basic steps shown in Figure 11:

Step 1 — Determine pre-feasibility of project. Assess
the economic and technical pre-feasibility of building
HRPG. The technical questionnaire and investment
self-assessment in Section 4 can assist this process.

Step 2a — Prepare Feasibility Study Report (FSR) and
seek approval from NDRC and necessary permits from
local authorities.

Step 2b — Secure project financing.

Step 3 — Develop Primary Design, including detailed
diagrams of power system, steam system, water
system, thermodynamics and scale drawings of kiln
and HRPG.

Step 4 (in parallel with Step 3) — Appoint Engineering,
Procurement and Construction (EPC) company to
supply equipment, build project, and provide staff
training and maintenance.

Step 5 — Project construction, commissioning and grid
connection.

Figure 11 Project development steps and timeline (based on
Hebei CECEP pilot project).
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3.7 Useful contacts

The following organisations can provide assistance to brick enterprises planning to develop HRPG.

Organisation

Organisation and company descriptions

Contact information

General information
and assistance

Ministry of
Agriculture (MoA)
Project Management
Office (PMO)

UNIDO'’s counterpart for this project is the Ministry of
Agriculture. The Ministry of Agriculture is the responsible
government agency for this and many other industrial
sectors in China under the umbrella of “Town and Village
Enterprises’ and while this term might indicate small
enterprises, it in fact actually encompasses very large
industrial facilities across many sectors. UNIDO has

had a long-term working relationship with the Ministry

of Agriculture, implementing a wide-range of industrial
energy efficiency projects under the umbrella of “Town and
Village Enterprises’ in the brick, pig-iron casting, cement
and coking sectors under previous projects.

Mr Song Dongfeng, Project
Coordinator

Tongguang Building, Suite 9001, 12
Nongzhanguan Nanli, Beijing China
100125

t: +8610 85719632 — 202

f: +8610 65389346

e: gefpmo2004@yahoo.com.cn

General information
and assistance

United Nations
Industrial
Development
Organisation
(UNIDO)

UNIDO is a specialized agency of the United Nations.

Its mandate is to promote and accelerate sustainable
industrial development in developing countries and
economies in transition, and work towards improving living
conditions in the world’s poorest countries by drawing on
its combined global resources and expertise. This project
was funded, supported and coordinated by UNIDO under
the China Climate Change Partnership Framework.

Mr Edward Clarence-Smith

Head of UNIDO Regional Office
2-141, Tayuan Diplomatic Office
Building, No. 14 Liang Ma He Nan Lu,
Chaoyang District

Beijing, China 100600

t. +8610 6532 4225

f. +8610 6532 6315

e: E.Clarence-Smith@unido.org

Step 2a. Feasibility
Study Report
preparation, brick
testing

Xi'an Research and
Design Institute

of Wall & Roof
Materials Quality
Monitoring and
Testing Center

Xi'an Research Institute has prepared the FSRs for
Hebei CECEP and several other potential HRPG projects
brick factories across China. Xi'an is also the home of
the Center of Wall & Roof Materials Quality Monitoring
under State Building Industry and the Center of Brick and
Thermal testing under State Building Industry

Mr Zhou Xuan, Division Director
No. 6, Chang’an South Road, Xi'an
Shaanxi, China 710061

t: +86-029-85221487

f: +86-029-85244644

e: zhouxuan240762@yahoo.com.cn

Step 3. Primary
Design and Step 4.
EPC

Sichuan Guoli
Energy Science &
Technology Co., Ltd

Sichuan Guoli designed and constructed the HRPG pilot
plant at Hebei CECEP and Juyi Industrial. Sichuan Guoli
owns the patent HRPG technology: “Tunnel Kiln HRPG
Device” (patent of utility model ZL200920078878.1) which
is the core technology of the coal gangue brick HRPG
technical solution.

Mr Wang Wenjun, General Manager
Room 601, 2# Huigu Building, 11
Wukedongsi Road, Wuhou District,
Chengdu City, Sichuan Province,
China 610045

t: +86 28 85004292

f: +86 28 8500 4282

m: +86 13508172050

e: scglkji@163.com

www.scglny.cn

Step 2b. Project
financing and
technical due
diligence/
performance testing

Camco China

Camco is a global developer of greenhouse gas emission
reductions and clean energy projects. Camco offers

clean energy project development and investment,

carbon development services, and energy and carbon
advisory. Our China team provides a range of specialised
services including: Investor due diligence, including
energy auditing and financial assessment of clean energy
technologies (at feasibility and post-commissioning stages
of development), and clean energy project financing and
development.

Ms. Xu Man, Project Manager

14F Lucky Tower A, No 3 North Road,
East 3rd Ring Road, Chaoyang
District, Beijing, P. R. China 100027
t: +86 10 8448 1623 — 607

f: +86 10 8448 2432

e: Xu.Man@camcoglobal.com
www.camcoglobal.com.cn
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3.8 Technical requirements

Whether the HRPG will be constructed on an existing
production line or integrated into a new-build project,
certain basic requirements will apply (some of these are
included in Table 8). Brick enterprises should consult with
a HRPG/EPC company to confirm all technical requisites
and establish the technical feasibility of developing a
HRPG project.

Table 8 List of basic requirements for building an HRPG system

in a coal-gangue brick-making production facility.

Requirement
Kiln type

Description

HRPG technology is built on 2 x Tunnel
kilns, operating side by side.

Available space
for construction
of boiler system
on top of kilns

Head room above kiln to install heat
exchangers, boiler drums and deaerator.
Approximate dimensions: 5 metres (m)
height above kiln x 75m? footprint for raised
platform above kilns.

Available space
for construction
of turbine hall

Space beside kiln workshop to install
turbine and power generator. Approximate
dimensions: 8m minimum height x footprint
120m2,

Available space
for control room

Space beside kiln workshop and turbine
hall to install monitoring and control

space for water
treatment plant

and switch equipment and switch panels/power
panels cabinets. Approximate footprint 80m?2.
Available Space close to kiln workshop to install

water plant. Approximate footprint 65m?2.

Available
space for water
storage tanks
and cooling
tower

Space beside turbine hall to install
water storage tanks and cooling tower.
Approximate footprint 150m?2.

Steam turbine and generator set work shop Z&V iR ML & BLHLZH T AF 1)
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4 HRPG investment self-assessment

The HRPG investment self-assessment model is a
regression analysis tool developed by Camco using
technical and financial data gathered from project FSRs
(prepared by Xi'an Research Institute), engineering studies
(prepared by Sichuan Guoli) and the results of the Hebei
CECEP post-commissioning assessment (undertaken by
Camco).

The self-assessment model assesses the commercial
viability of potential new-build and retrofit HRPG
installations in the sector. The model has been developed
using Microsoft Excel (shown in Figure 12) and is available
on the CD provided in Annex Il of the package.

The self-assessment model can be used by brick
enterprise project owners who want to determine the
potential financial benefit of building HRPG. The model
takes only three inputs from the user outlined below.
1.Brick production line annual output (million bricks/year).
2.Brick production line power consumption (MWh/year).

3.Grid electricity price (pre-tax).

The model then outputs the estimated IRR and a sensitivity

range based upon a number of assumptions and
calculations derived from the FSR data and a regression
analysis.

Asimplified IRR calculation method based on the approach
taken in the FSRs has been used to model and estimate
the financial returns. The calculation is outlined in Table 9.

Table 9 Description of IRR calculation, key inputs and
parameters.
Calculation Derivation Units
Power output Logarithmic regression of FSR MWh
(that can be power consumption data
monetised)
Revenue Unit power consumption multiplied RMB
by power price (FSR range is 400-
600 RMB/MWh)
Capex Linear regression of FSR capex RMB
data
Opex Logarithmic regression of FSR opex | RMB

data

17% VAT and 7% maintenance fee | %

Sales tax and

surcharges
Income tax 20% for years 4-15 and 25% after %
Net cash Sum of revenues minus costs and RMB

taxes

Figure 12 Annotated screen shot of HRPG investment self-assessment model.
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Annex | — Xinrong HRPG pilot design drawings
Bk | - R EEMERARIK A BigitE

1. General layout of plant 1. TREFEREHR
2. Plan layout of main plan 2. FrEERTEHER
3. Transect layout of main plant 3. FrEEHEGREE
4. Water balance plan 4, KEFEE
5. Principal diagram chemical water supply 5. [R (L F 7k AL TR 2R 45 (&
system
6. e EEIZRER
6. Plant production process flow chart
7. HKkRFEHE
7. Water supply system diagram
8. RN {E# N RS E
8. Principal diagram of thermodynamic
system 9. RS EEEE
9. Main electric connection 10. #EHIEREE

10.  Redual boiler transect layout of tunnel
kiln
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Annex Il - HRPG investment self-assessment model CD

PRIl - &P ER L ERHEBRITMELR

You will need Microsoft Windows and Microsoft Excel to run the HRPG investment self-assessment model CD.

TP WL 9 2 222 T Windows R 4t LA & Excel,  DAERS IR A HIHECD.

EEATABIRT AR R RN AR AL RFR S RESLERET 1



alin e L




