Waste Heat Recovery Opportunities and Incentives

* Air Emissions (NOx, GHGs, System Efficiency)
* Incentives (ACCA, Emission Guidelines, R&D)

» Gas Turbine Emissions Prevention, Cogeneration
« Canadian WHR Examples

* Research, Development and Training

Manfred Klein, National Research Council Canada
Hc ) CHC 613-949-9686 manfred.klein@nrc-cnrc.gc.ca

Aerospace/Aérospatiale



Gas Turbine Research Topics - Combustion
N2C-CN\3C

« Combustor Reliability and Aerospace/Aérospatiale
Emissions

« Alternative Fuels
(H2, Syngas, Bio-fuels etc)

« Cold Weather applications

* Predictive Emissions
Monitoring (PEMS)

 Transient GT Engine

performance Proposed Alternative Fuels Facility

DLN SyStemS Com pressor AlrﬂOW Fuel Spray and Atomization



Research Topics — GHG mitigation

Waste Heat Recovery and
System Efficiency

CO2 Capture & Storage,
compression

Fugitive GHG emissions

Education, Training and
Industrial Plant tours

CH4 Leakage Measurement  Northern Pipelines Waste Heat Recovery



Objectives

Prevention of Air
Pollution and Toxics

Minimize GHGSs

Energy Conservation
Minimize Water Impacts
Alternative Fuels, H2

CO2 Capture
Reliablility
Energy Security

Look for solutions with:

Multiple Economic Benefits
Systems Analysis
Integrated Air Solutions




Stationary Gas Turbines

Many Different Types and
Applications for Waste Heat Recovery



Pipeline Waste Heat Recovery

EPCOR

TransCanada mainline

- Nipigon

- North Bay, Kapuskasing

- Tunis, Calstock |

- Ramore’

TransCanada (NOVA) N
- Gold Creek !

Spectra/Westcoast, BC
- Savona, 150 MH
- 3 others

Alliance P/L, Sask

- Kerrobert, Loreburn,
Estlin, Aimeda
- Irma, Morinville



Combined Cycle Efficiency

For two linked energy a
systems, a and b;

Efficiency nab

b —
=Na +Nb - (NaX Nb)
For Rankine Cycle ‘@’ Na = 30% eff,
Brayton Cycle b’ nb = 40% eff

nab= .30 + .40 — (.12) = 58 %



Waste Heat Enhanced Combined Cycle, Nipigon, Ontario

New Combined Cycle
> 6 MW
23 MW LM 2500 OTSG
------------------------------------------- . HP

| ’ steam
20 MW
_’» Steam
26 MW RB211 | | | OTSG 7 MW turbine

* 7 MW
28 MW RB211 ; OTSG

Air Cooled
Condenser

Compressor Y
Waste Heat
Recovery




Accelerated Capital Cost Allowance

Fast capital depreciation to defer income tax payable

« Class 43.1 ACCA

Cogeneration & CHP - systems that produce electrical
power and heat that is used

« To qualify for this category systems must:

— burn eligible fuels, ie the defined fossil and specified-
waste fuels in any combination

— achieve an annual heat rate of 6000 BTU/kWh, or 6700
BTU/kWh for Waste Heat systems at NG compressor
stations (‘Enhanced Combined Cycle’)

(Natural Resources Canada)



Fuel Chargeable to Power

(3.6 GJ = 1 MWhr)

CHP Waste Heat Offsets ‘X’ GJ of heat fuel

10 GJ fuel

f1

B

Engine

Net Heat Rate

8 GJ/MWhr (45%)
6 GJ/MWhr (60%)
5 GJ/MWhr (72%)
4 GJ/MWhr (90%)

Process

Demand

Process fuel avoided
2 GJ
4 GJ
5GJ
6 GJ

CCA rate
8%

30%

50% new
50%



Federal Budget 2005 Changes

Accelerated Capital Cost Allowance

Cogeneration Class 43.2

- . Facilities
* District energy piping etc
eligible for ACCA if heat
sourced by Class 43.1 plant New CCA Rates
* Anew 50% CCArate tor 4750 | =.< Turbines 15%
BTU heat rate (72% annual c B 150
efficiency), with existing 30% OMPressors, FUmps - 157
° I 0
for 6000 BTU (57% eff) Trans. Wires 8%
* Pipelines 8%

* ACCA for Black Liguor Cogen in
Pulp & Paper



Comparison of CO, Emissions from
Various Power Generation Plants
(Heat Rate x Fuel CO, = kg/MWhr)

Kg/MWhr

1200
Average
1% Energy Mix ?
Imported
fossil
% T power
600
400
200
0

avoidance

Internal CHP
Allowance

Coal QOil Gas GICC GICHP Bio

|GCC




Comparison of Air Pollution Emissions from
Various New Energy Generating Plants

Kg/MWhr
37 m SO2
2.5 - O NOx
0 PM
2 ]
15 -

1_

Nl IS RaRl .l m

Coal Oil Gas GTCC GTCHP Bio |GCC



Importance of Environmental Units
1. Concentration Based Stds;
ppm, ppb, mg/m3, kg/fuel input

2. Output-Mass based Stds; kg/MWe,kg/MWth, tons/yr

Examples of Int’l Standards for GT Units > 10 MWe

« United States 2 -42 ppm

« Australia 42 ppm

« UK 60 mg/m?

« Germany 150 mg/m?3

* France 100 - 150 mg/m?3
« Canada 0.5 kg/MWhr *
« EULCPD 50 - 75 mg/m?3”

* Facility Cogeneration Incentives
(Above Values Subject to Change)



Canadian Gas Turbine Emissions Guideline, 1992

Energy Output-based Standard (kg/MWhr), allows higher NOx for smaller
units, which tend to have higher system CHP efficiency (g/GJ x 3.6 GJ/MWhr)

NOX 60

ppm
50

40
30
20
10

Power Heat 40 g/GJ

3-20 MW —
7140 g/GJ

>20 MWe — —

20 40 60 30 100

Overall Plant Thermal Efficiency %



Canadian GT Emission Guideline based on consultation, and .....

TCPL Nipigon Waste Heat Recovery, 1991 Rolls Royce RB211 DLE

TransAlta Ottawa Hospital CHP, 1991 GE LM6000 steam injection



Proposed New US EPA Rules for Gas Turbines

Can choose Output-based, or Concentration-Based Rules

Size, Heat Input (MMBTU/hr) ppm Ib/MWhr
(New Units, Natural Gas Fuel)
< 50 (electricity, 3.5 MWe) 42 2.3
(mechanical, 3.5 MW) 100 5.5

50 to 850 (3-110 MW) 25 1.2
Over 850 (> 110 MW) 15 0.43
Units in Arctic, Offshore

< 30 MW 150 8.7

> 30 MW 96 4.7

« MW could include MWth for waste heat in CHP
 Efficiency based, SCR likely not required
» Flexible Emissions Monitoring

 Implementation status?
P | N (EPA OAR-2004- 0490)



Dry Low Emissions Combustion

Preventative reduction by 60-90%
Maintains High Efficiency Solar

_ _ Solonox
Good experience with large
iIndustrial engines

Some Reliability Issues for Aero-
derived gas turbines

Too Low Values may lead to
Inoperability and combustor
problems

GE LM6000

RB211 DLE LM2500 DLE



NOx Reduction Methods

Steam/Water Injection
* Prevention, by 2/3 red'n to ~ 1 kg/MWhr

 Some Combustion Component Wear

« Plant Efficiency Penalty
» Depends upon value of plant steam (Kawasaki)

Selective Catalytic Reduction (SCR)

* NH3 injection into catalyst in HRSG
« ~ 80% NOx Reduction

« Backend Control
- Ammonia emissions & handling (toxic),

- fine PM, N,O ?

- Efficiency loss in HRSG
« Marginal, low $/tonne benefit after DLN
« Encourages larger plants ?




Waste Heat and Duct
Burners in CHP

Duct Burners for auxiliary firing can

double steam output from HRSG
(~100 % efficiency for heat)

Duct burners can add a bit of
combustion NOX ...but they can
allow a smaller size of GT engine for
given heat load (reduces annual fuel
and emissions)

HRSG also serves to silence GT
exhaust noise

(Coen)



Emissions Measurement

Compliance & Enforcement,
Inventories

Emissions Trading (NOX,
SOz, GHGS)

Continuous Emissions
Measurement

Process Capability Methods

Surrogate & parametric
methods

Predictive Emissions
Monitoring

CEM Specialties

Env Can CEM van, at TCPL Stittsville, Ont



Benefits of WHR and Cogen Systems

* Energy Conservation and Security

* Energy Diversity and Reliability
 Reduces Transmission Losses

* More Building Space Available

* Lower GHGs, Air Pollution, CFCs
 Waste Heat Recovery = zero emissions
* Less Thermal Pollution

... quantifiable multiple benefits ...



« System Fuel Efficiency Is the

most important long term
planning parameter

* Most Affected by plant Size,
Location, and Application

* Are Capital & O/M Budgets
decided in an integrated
fashion, Life Cycle?

ypical Gas Cogen Plant Annual Costs

Pa

FUEL




Industrial Energy & Emissions Trading
Waste Energy Recovery, Cogeneration

WHR - zero emissions
Heat and Cooling energy

800
Power as a Byproduct of 600 |
Heat (C-H-P) |

200
0

5 B

Credit ? A

I I I I '

Gas GICC GICHP Bio IGCC

Understanding Quality of
Energy, Heat:Power ratio

Do Waste Heat or CHP/Cogen owners get appropriate
credit for displacing purchased power?

- at what Value

- average or marginal grid mix




IAGT Course Modules
and Technical Papers on;

1. Fuel Combustion & Emissions
2. Cogen & Combined Cycles
3. Oil & Gas Reliability



Training and Education
on Energy Systems




Pipeline Station Waste Heat Recovery, TCPL-EPCOR Enhanced Combined Cycles

Nipigon, Ont

Calstock, Ont (Gas and Biomass)



Waste Heat
Recovery

Usually in Response to
Provincial

‘Request for Proposals’
Gold Creek, AB (6 MW)

TCPL Cancarb, 27 MW, Medicine Hat



The 6.5 MW Gold Creek Waste Heat recovery power plant Alberta, Canada
(ORMAT)



ORMAT Organic Rankine Cycle

Modular power plant unit includes a
heat exchanger, turbine, generator,
control system, condenser, vaporizer
and recuperator

Exhaust heat stream runs over the
Waste Heat oil heater to heat thermal
transfer oil. This is pumped to the
Ormat Energy Converter, transferring
heat energy to pentane working fluid

(Pristine Power, ORMAT)

Pentane is vaporized, its expansion
drives an organic turbine

Thermal transfer oil and pentane are
self-contained, closed-loop systems

Process is air-cooled, does not use Savona, BC
water

Heat exchanger transfers heat from
the oll to the pentane working fluid



: L - : Alliance
Alliance Pipeline & NRGreen Power Limited Partnership



Spectra Energy and EnPower Proposals (Pristine Power)

A

British Columbia and several U.S.
jurisdictions recognize Energy recovery
generation ERG as green power.

“Pipeline makes no capital investment,
and they share in the income we
generate” J.Ciccaglione, Pristine Power

Station 6A (150 Mile House): PGT20
Station 7 (Savona): two PGT20.

Future Sites

Station 4A (Summit Lake): PGT25
Station 4B (Hixon): PGT25
Station 5 (Australian): PGT25



Natural Gas
Processing

Cochrane Waste Heat Recovery, Hot Oil

NGL Extraction

Lean Oil Absorption

* Older process for heavy NGLs
* Regeneration needs Heat

Cryogenic Process

* For efficient removal of C2, C3
* Needs high pressure

» Turboexpander cooling

TCPL



Natural Gas from Alberta

40 10 m3/d
from NOVA
Alberta Pipeline

Empress Gas
Stripping Plant

1000 psi

Gas Processing
at 600 psi

18 105 m3/d
to TCPL Sask

>

Natural Gas Pressure

Recovery

- Turboexpansion

1200 psi

1000 psi

20 106 m3/d

To Foothills
Export to USA



(o (3 40 100 o

Condenser &
cooling water

XD

A

1000 psi
Inlet
Separator
25
Gas to Gas

Heat Exchange

Gas Cooler

1000 psi
Goothills O

38 105 m3/d

30

ToEmpress
Stripping Plant :

950 psi 40 108%m3/d
600 psi

2 Recompressors 38 10%m3/d
10 500 psi

16 MW_@ S

\ Brake
1050 Compressors
Ps! 3 TurboExpanders 800 psi

Empress Foothills
Decompression — Recompression Project (1990)

*Gas Processing at Empress needs low gas pressure

*Use 15 MW turboexpander to partially recompress
returned pipeline gas for Foothills Pipeline



Enbridge Gas Distribution and Pressure Regulation
2 MWe TurboExpander-Fuel Cell Project

* Produces both electricity and heat,
preheats expansion gas

 Combined with Pressure Letdown
Turbo Expander

» Operates on natural gas, installed at
Enbridge Toronto office

* R&D CoFunding from CANMET



: Gas
Typical Gas Compressor Flow

Station Piping
— l ! pig

2 Compressor Units

COOLERS

(TransCanada Pipelines)
Handbook for;

ESTIMATING METHANE EMISSIONS FROM
NATURAL GAS SYSTEMS - 1998




Examples of GHG and Methane Prevention
EC has collaborated with Gas Industry on many GHG implementation solutions

14,000,000
12,000,000
10,000,000
GHG
8,000,000
6,000,000
4,000,000

2,000,000

0

GHG Inventory from CEPEI R&D program

01995
B 2000

L

i

S

|7
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Improved Construction Practices

EC Field leakage Tests, RRETC, 1995

/

Gas Compressor Dry Gas Seals



Methane Emissions Management

TCPL

Using Gas Transfer (pulldown) Compressor

Aerial Aftercoolers used to
Improve overall system
efficiency, and to keep within

temperature range to coating
protection
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— Concluding Remarks

« Maximize Energy Conservation, System Efficiency
 Gas Turbine Plants have Very Low Air Emissions

« All Plant Emissions Should be Addressed

 Waste Heat Recovery = Zero Emissions project

« Taxation Incentives, Emission Credit Baselines?

« Qutput-based Standards can be Superior

* Need ‘System Design’, Long Term Planning, Training
 Many Different Applications (R & D)

Manfred Klein, National Research Council Canada
613-949-9686 manfred.klein@nrc-cnrc.gc.ca




