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9.2.1. Electric Power Generation Using Waste Gas July 31, 2017 

 
Description 
During production, processing, refining and other oil and gas operations, vast quantities of waste heat 
are sometimes produced. This abundant low-quality waste heat could be used to generate considerable 
electricity with no incremental emissions or additional fuel consumption, thereby reducing greenhouse 
gas emissions. In addition, this produced electricity can be used internally to reduce purchased 
electricity costs, and any surplus can be sold into the market. 
 
A study by Neill and Gunter1 identified several potential waste-heat streams, and evaluated advantages, 
disadvantages and specific characteristics of each technology’s viability for power generation.  
 
The study identified and examined the following potential waste heat streams:   

 Reciprocating engine and gas turbine exhausts  

 Flue gases from fired heaters, steam generators, and incinerators  

 Warm liquid streams, such as warm produced water and boiler blowdown  

 Miscellaneous applications where heat is most commonly rejected in aerial coolers, such as amine 
trim coolers, regenerator reflux condensers, produced gas coolers, column overhead condensers, 
and glycol system trim coolers 

 
The study also identified and evaluated three fully-commercial technologies to convert recovered waste 
heat to power. 

 Steam-based Rankine cycle, where a heat recovery steam generator (HRSG) is used to produce 
steam from hot exhaust gases, which in turn powers a steam turbine generator unit  

 Organic Rankine Cycle (ORC), where recovered waste energy is transferred to an organic working 
fluid, such as propane, pentane, or other low boiling point organic fluid, which then drives a turbine 
expander  

 Kalina cycle, another Rankine cycle variation where the unique properties of an ammonia-water 
working fluid provide some marked advantages in terms of efficiency and allowable waste heat 
temperatures 

Technology Group 
Lighting and Utilities – Recommended Practices 

Site Applicability 
Natural gas facilities, oil facilities, SAGD operations, specific downstream operations 

Emissions Reduction and Energy Efficiency 
When fuel is combusted, waste heat results from efficiency losses in the process. Between 10% and 70% 
of the energy contained in a fuel is lost as waste heat in typical industrial processes, and the magnitude 
of waste heat resulting from oil and gas operations is on the order of tens of gigawatts of thermal 
energy. 

                                                           
1
 The full 148-page report for this best practice can be found on the PTAC website at: 

http://www.ptac.org/projects/389 
 

http://www.ptac.org/projects/389
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 Fossil Fuel Industry Emissions 

Sector GHG Emissions from Internal 
Fuel Combustion (Mt CO2e)2  

Energy Consumption (GJ)3 

Crude Oil Production 25.4 508 million 

Natural Gas Production 10.6 212 million 

Oilsands (including coal) 26.6 532 million 

Natural Gas Transmission 8.5 170 million 

Downstream Fossil Fuel 
Industry 

17.0 340 million 

TOTAL 88.1 1762 million 

 
Implementation of waste heat power generation indirectly results in greenhouse gas (GHG) reductions. 
While the process producing the waste-heat may continue to operate as usual and emit GHGs, the 
installation of waste heat recovery and power generation produces additional electricity that results in 
no incremental GHG emissions. In turn, an equivalent amount of electricity that would have otherwise 
been supplied via the grid is no longer required. If the electricity being offset is generated from fossil 
fuels, the result is GHG emissions reductions, meaning that waste heat power projects could produce 
emissions offsets by offsetting electricity that would have otherwise been produced with fossil fuels. 
However, the actual emissions reductions are dependent on regional factors, such as the dominant 
generation technology and the type of fuel used to meet marginal demand. 
 
Baseline:  
Current waste-heat from several sources is not being used and site electrical requirements are mainly 
met through purchased electrical power   

Economic Analysis 
Summary of Economics for Power Generation from Various Waste Heat Sources 

Pricing Case IRR (Internal Rate of Return) 

 <10% 10 to 15% >15% 

$85/MWh+$15/tonne 
CO2e 

 Individual 
Reciprocating Engines 

 Fire-tube Immersion 
Heaters 

 Steam Generator 
Blowdown 

 Steam Generator 
exhaust without 
condensing HX’s 

 <20,000hp Gas 
Turbines 

 Steam generator 
exhaust with 
condensing HXs 

 Surplus steam 
>5,000kg/hr 

 Trim coolers / 
reflux condensers 
in large 
sweetening plants 

 >20,000hp Gas 
Turbines 

 >5000m3 /day warm 
produced water in 
upper temp range 

 Surplus Steam 
>10,000kg/hr 

 Large SAGD glycol 
cooling systems 

 Overhead coolers 
etc. with duty 

                                                           
2 From National Inventory Report (Environment Canada, 2006) 
3 Based on average 50 kg CO2 per GJ energy intensity, as natural gas is dominant fuel used in operations 
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(>100m3 /hr amine 
circulation) 

>15MWth in upper 
temp range 

 
The impact of operating costs, greenhouse gas credit value, and the escalation of annual revenue or 
costs have a relatively minor impact on project economics for this practice. 
 
Capital Cost: Cost estimates are for total “all-in” installed capital costs, including equipment 

supply and erection, commissioning, engineering, and administration costs. 
 

Operating Cost: Annual electricity cost before using waste heat ($/yr) = electricity usage per day 
(kW) x Value of electricity ($/kW) x # of operational days (days/year)    
 
Annual fuel cost after using waste heat ($/yr) = electricity usage per day (kW) x 
Value of electricity ($/kW) x # of operational days (days/year)    
 

Payback Period: An example payback calculation is as follows: 
Annual revenue per installed kW: 
(0.9)(8,760 hr/yr)(1kW/kW)($0.10/kWh) – ($50/kW-yr) = $740/kW-yr 
This yields a payback of approximately 3.8 years, or a simple IRR of about 26%. 
 
Project Life: 
even the most economically viable waste heat projects have typical payback 
periods <4 years, and as such, facilities with expected lives >15 years (at rated 
capacity) should be targeted. Operations where plant throughput could decline 
significantly over time will not be good candidates for waste heat power 
generation. 

 
Marginal Abatement 
Cost: 

GHG Cost Abatement ($/tCO2e) = ((Capital Costs of Installing waste-heat capture 
technology($) + (Incremental operating costs ($/yr) * Project Life (year)) / 
(Annual GHG Reduction (tCO2e/yr) x Project Life (year)) 

 
Additional Considerations: 

 Load factor, electricity price, capital cost, and project life are the most influential variables on 
project viability, and these factors must be closely considered when searching for prospective waste 
heat power generation opportunities. 

 Due to inevitable variations in site-specific factors, generalizations have been employed to assess 
“typical” waste heat sources and characteristics. No site-specific assessments have been completed, 
and performance, cost and economic feasibility estimates are indicative only. A detailed and site-
specific investigation should be conducted, in consultation with technology providers, to determine 
expected performance and cost of technologies prior to implementation. 

 Electricity generation from waste heat typically has only between 5% and 25% thermal efficiency, 
and relatively high capital costs. In addition, investment is power generation is often characterized 
by moderate financial returns over a long period. 

 The following key assumptions were used in this study: 
o Cash flows are assumed to occur at the end of each year 
o Construction costs are incurred on an “overnight” basis 
o Project life is 20 years 
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o The project costs are covered by 100% equity—no debt financing or equipment leasing is 
considered 

o Escalation of annual revenues (or cost savings) and operating costs is assumed to be 2% per year 
o No cost associated with lost production during construction is considered—it is assumed that 

construction of any new waste heat projects would be coordinated with planned outages as 
required to avoid unnecessary disruption to existing facilities. 

Reliability 
Expected Lifetime: Load factor, electricity price, capital cost, and project life are the most influential 

variables on project viability, and these factors must be closely considered when 
searching for potentially successful projects. 

 
Maintenance: Periodic inspection and maintenance is required for various installations and 

technologies and should be verified based on the type of implementation. To 
maintain reliability, waste-heat electricity systems must be designed so that an 
outage of the power generation unit would not impact the availability of the 
engine. Heat exchange between the jacket water loop and power generation 
cycle would be in parallel with the engine radiator, and exhaust heat recovery 
could incorporate bypass arrangements if warranted. 
 
Acid dew point issues must be considered for exhaust heat recovery equipment 
for engines using fuel gas containing sulphur. 
 
 

Parts and Skills 
Required:  

This parameter will vary based on the type of implementation. 

Safety 
All electrical equipment must be grounded and installed in accordance with Alberta Electrical and 
Communication Utility Code (AECUC) and Canadian Electrical Code’s electrical and safety codes. 

Regulatory 
Operators must obtain and demonstrate compliance with relevant facilities codes and regulations. The 
specifics of regulatory compliance will need to be determined once the specifics of the technology and 
the application are determined. 

Service Provider/More Information on This Practice 
The full 148-page report for this best practice can be found on the PTAC website at: 
http://www.ptac.org/projects/389 
 
Several technical options are available and outlined in the full best practice report for producing 
electricity from waste heat, such as: 
 
Rankine Cycles 
Steam-based Rankine cycles are well-established technology, and numerous North American suppliers 
are available for the major system components. 

http://www.ptac.org/projects/389
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Some steam turbine manufacturers with products in the size range appropriate for upstream waste heat 
projects include: 

 Dresser-Rand 

 General Electric 

 Siemens 

 Turbosteam 
 
Heat Recovery Steam Generators 
Some HRSG manufacturers with products in the size range appropriate for upstream waste heat projects 
include: 

 Rentech 

 TIW Western 

 IST 
 
Organic Rankine Cycle Generators 
Some North American vendors of ORC technology include: 

 Ormat 

 Barber Nichols 

 UTC Power-Pure Cycle 

 Wow Energy 
 
Kalina Cycles 
Recurrent Engineering is the North American technology licensee and process designer for the Kalina 
Cycle. They have worked with various EPC firms to develop projects. 
 
Stirling Engines 
Kockums, a subsidiary of ThyssenKrupp Marine Systems, has developed a 25kW Stirling engine for use in 
the Swedish submarine fleet. This engine has been modified to be used with a solar dish collector by 
Stirling Energy Systems. 
 
Thermal Hydraulic Systems 
The companies developing these technologies are: 
• Deluge Inc.—Natural Energy Engine 
• Encore Clean Energy—Heat Seeker 


