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PREFACE 

The California Energy Commission Energy Research and Development Division supports 
public interest energy research and development that will help improve the quality of life in 
California by bringing environmentally safe, affordable, and reliable energy services and 
products to the marketplace. 

The Energy Research and Development Division conducts public interest Research, 
Development, and Demonstration (RD&D) projects to benefit California. 

The Energy Research and Development Division strives to conduct the most promising public 
interest energy research by partnering with RD&D entities, including individuals, businesses, 
utilities, and public or private research institutions. 

Energy Research and Development Division funding efforts are focused on the following 
RD&D program areas: 

• Buildings End-Use Energy Efficiency 

• Energy Innovations Small Grants 

• Energy-Related Environmental Research 

• Energy Systems Integration 

• Environmentally Preferred Advanced Generation 

• Industrial/Agricultural/Water End-Use Energy Efficiency 

• Renewable Energy Technologies 

• Transportation 

Demonstration of Waste Heat Recovery for Power Generation is the final report for the 
Demonstration of Waste Heat Recovery for Power Generation project PIR-11-029 conducted by 
Gas Technology Institute. The information from this project contributes to Energy Research and 
Development Division’s Industrial/Agricultural/Water End-Use Energy Efficiency. 

For more information about the Energy Research and Development Division, please visit the 
Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy 
Commission at 916-327-1551. 
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ABSTRACT 

Gas Technology Institute, together with its partners N2 Energy Solutions, Shultz Steel Company 
and Southern California Gas Company successfully demonstrated an emerging industrial waste 
heat-to-electricity generation technology. The innovative Exhaust Waste Heat to Electricity 
technology effectively recovers waste heat in industrial exhaust gases above 800°F and converts 
it into electricity, while addressing many of the limitations of current technologies. N2 Energy 
Solutions designed the retrofit waste to electricity system using its proprietary Pressure-
Balanced Intake, with Heat Recovery Fluid Heater and Organic Rankine Cycle Engine from 
external vendors, fabricated the associated hardware, and installed the system at the host site to 
demonstrate the technology.  The Exhaust Waste Heat to Electricity technology is applicable to 
furnaces with stacks that exhaust outside the building as well as those that do not have a stack 
and exhaust directly in the building. Stack-less furnaces represent a significant portion of the 
industrial furnace population and include heat treating, forging, die casting, metal refining and 
many other types of furnaces. The technology is especially attractive for furnaces that have 
demanding pressure controls, and can be retrofit without any furnace downtime. 
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EXECUTIVE SUMMARY 

California’s industrial sector consumes almost 25 percent of natural gas and almost 15 percent 
of electricity energy resources. This sector is vital to the state’s economy and industry must keep 
low operating costs while maintaining environmentally clean and energy-efficienct operations. 
Much of this natural gas and electricity demand is used in high temperature furnaces in the 
chemicals, petroleum, glass/cement and metals sectors and generate exhaust gases at 
temperatures above 800°F that are lost. This waste heat energy is a viable commodity that 
cannot be wasted.  A significant portion of these furnaces are estimated to be stack-less and 
exhaust directly in the building. Additionally, most furnaces require strict pressure controls to 
avoid infiltration and exfiltration of gases that can adversely impact product quality, 
productivity, furnace life, system efficiency and emissions. Effective heat recovery technologies 
currently do not exist for the stack-less furnaces, and even for furnaces with stacks, because of 
material limitations, have low gas to gas heat transfer rates, have surface heat losses, gas 
leakages and additional pressure losses. The heat recovery devices are able to recover only 
some of the heat in the exhaust gases and have difficulty meeting stringent furnace pressure 
control requirements.It is essential to the industrial industry that an effective technology to 
efficiently recover waste heat in exhaust gases from various furnaces and convert it to electricity 
is developed. 

Project Purpose 
The Gas Technology Institute worked directly with N2 Energy Solutions, Shultz Steel Company 
and Southern California Gas Company to deploy an innovative Exhaust Waste Heat to 
Electricity system to recover the waste heat from industrial furnaces with and without a stack 
and demonstrate:  

 • The feasibility and safety of a commercial waste heat-to-electricity technology with the 
potential for effectively recovering waste heat in industrial furnace exhaust gases above 
800°F and converting it to electricity 

 • The possibility of installing the system as a retrofit without downtime or any adverse 
impacts on furnace performance 

 • The benefits and facilitate the transformation of waste heat recovery market through 
demonstration 

 • A payback of less than 4.5 years for the demonstration system and projected paybacks of 
less than three years for commercial systems. 

Project Process 
The Gas Technology Institute was the prime contractor responsible for the overall project 
execution, including technical expertise, analysis, and reporting. N2 Energy Solution’s designed 
the retrofit waste to electricity system using its proprietary Pressure-Balanced Intake, with Heat 
Recovery Fluid Heater and Organic Rankine Cycle Engine from external vendors, and to 
fabricate the associated hardware, install the system at the host site to demonstrate the 
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technology. An independent third party consulting and testing firm was contracted to confirm 
the measurement and validation components of the project. 

There are numerous exhaust heat recovery units installed in industry, primarily cogeneration 
heat recovery, and these systems have historically operated over high temperature ranges. The 
Heat Recovery Fluid Heater had been used by industry to recover waste heat in high 
temperature exhaust gases to heat water, and the Organic Rankine Cycle Engine had been used 
to convert energy in hot water and other hot fluids into electricity. However, at this project scale 
(a significant industrial furnace population) 1) the Organic Rankine Cycle Engine had not been 
demonstrated in California, 2) this combined heater and engine system had not been 
demonstrated in the United States, and 3) effective heat recovery had not been demonstrated for 
furnaces that exhaust directly in the building (stack-less) or have strict work zone pressure 
requirements. Stack-less furnaces represent a significant portion of industrial furnace 
population and include heat treating, forging, die casting, metal refining and many other types 
of furnaces. 

The project assessed the Shultz South Gate, California facility where they manufacture re-
melted steel, titanium alloy, nickel base alloy, and cast aluminum products for aerospace and 
industrial markets, and designing the Exhaust Waste Heat to Electricity system for a stack-less 
furnace at the facility. Shultz operates 28 furnaces at this facility to heat metal parts for further 
processing and finishing. 

Project Results 
The Exhaust Waste Heat to Electricity system was demonstrated to effectively recover waste 
heat in industrial exhaust gases above 800°F and convert it into power, while addressing many 
of the limitations of current technologies. Other expected benefits included: 

 • No furnace down time for retrofit. 

 • The furnace was completely isolated by using N2 Energy Solution’s proprietary 
Pressure-Balanced Intake technology eliminating any potential adverse impacts of heat 
recovery equipment on furnace productivity, efficiency, product quality, furnace life, or 
air emission. 

 • The system recovered more than 84 percent of the exhaust for a stack-less furnace with 
tight pressure control requirements 

 • The Heat Recovery Fluid Heater and Organic Rankine Cycle Engine equipment were 
extremely reliable. 

During this demonstration, the research team found that waste heat recovery may present site-
specific design challenges that must be overcome. Even for standard Organic Rankine Cycle 
units, custom site-engineering and analysis is necessary. Accurately assessing available waste 
heat is challenging, especially for stack-less and or batch furnaces and evaluating the waste heat 
potential should be done at the project start since it drives the overall system design and 
equipment specification. 
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Variability in waste-heat availability presents challenges for accurately sizing a waste heat 
recovery system, which impacts both its performance and costs. Incorporating adequate 
thermal storage capacity and/or turndown can help even out impacts of this variability on 
downstream equipment and improve overall waste heat recovery system economics and 
performance. System cost reductions may be possible through negotiations and consultative 
design improvements developed with input from vendors and installation contractors. 

Benefits to California 
Each year, the industrial sector in California consumes 286.6 Trillion British thermal units (Tbtu) 
of natural gas and 42,724 Gigawatt hours (GWh) of electricity with approximately 218 TBtu/yr 
of natural gas and 15,800 GWh of electricity consumed in the chemicals, petroleum, 
glass/cement and metals sectors, which are the primary targets for this technology. The 
innovative Exhaust Waste Heat to Electricity system effectively recovers waste heat in industrial 
exhaust gases above 800°F and converts it into power, while addressing many of the limitations 
of current technologies. The Exhaust Waste Heat to Electricity technology is applicable to 
furnaces with stacks that exhaust outside the building as well as those that do not have a stack 
and exhaust directly in the building. The technology is especially attractive for furnaces that 
have demanding pressure controls, and can be retrofit without any furnace downtime.  
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INTRODUCTION 

The industrial sector in California consumes 286.6 TBtu of natural gas and 42,724 GWh of 
electricity each year. Of this, approximately 218 TBtu/yr of natural gas and 15,800 GWh of 
electricity are consumed in the chemicals, petroleum, glass/cement and metals sectors (Table 1). 
A significant portion of natural gas and electricity is used in relatively high temperature 
furnaces generating exhaust gases above 800°F. General examples of these furnaces are shown 
in Table 2. A significant portion of these furnaces are estimated to be stack-less that exhaust 
directly in the building. Additionally, most furnaces require strict pressure controls to avoid 
infiltration and exfiltration of gases that can adversely impact product quality, productivity, 
furnace life, system efficiency and emissions. Effective heat recovery technologies currently do 
not exist for the stack-less furnaces, and even for furnaces with stacks, because of material 
limitations, have low gas to gas heat transfer rates, have surface heat losses, gas leakages and 
additional pressure losses. The heat recovery devices are able to recover only a portion of the 
heat in the exhaust gases and have difficulty meeting stringent furnace pressure control 
requirements. 

Heat Recovery Fluid Heaters (HRFH) have been used by industry to recover heat in high 
temperature exhaust gases to heat thermal fluid, and Organic Rankine Cycle Engines (ORCE) 
have also been used to convert energy in hot fluids into electricity. However, at the proposed 
scale, which represents a significant industrial furnace population: 1) the ORCE had not been 
demonstrated in California, 2) the combined HRFH–ORCE system had not been demonstrated 
in the US, and 3) effective heat recovery had not been demonstrated for furnaces exhausting 
directly in the building (stack-less) or that have strict work zone pressure requirements. 

Table 1: Consumption by Major Industry 

  No. of 
Employees1 Electric, GWh/yr2 Natural Gas, TBtu/yr3 

Petroleum 11,677 7,700 160 

Glass and Cement 
Residuals* 35,521 1,950 15 

Chemical 76,289 3,700 23 

Primary Metals 21,729 450 10 

Secondary Metals 157,735 2,000 10 

Total 302,951 15,800 218 
Source: “Natural Gas in California: Environmental Impacts and Device Performance” CEC-500-2006-096 and “2009 Electricity and 
Natural Gas Consumption” http://www.energy.ca.gov/research/iaw/industry.html, last Modified July 27, 2011 
 

Additional issues that must be addressed include furnace downtime for retrofit, heat exchanger 
fouling, and corrosion. A significant opportunity therefore exists to recover additional heat 
from industrial furnaces and generate electricity for onsite use, even from those furnaces that 
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are already equipped with heat recovery systems or have very stringent pressure control 
requirements. 

Table 2: Selected Examples of High Exhaust Gas Temperature Processes 

Types of Device Temperature, oF 
Nickel refining 2,500-3,000 
Steel electric arc 2,500-3,000 
Basic oxygen 2,200 
Aluminum reverberatory 2,000-2,200 
Copper refining 1,400-1,500 
Steel heating 1,700-1,800 
Copper reverberatory 1,650-2,000 
Hydrogen production 1,200-1,800 
Fume incinerators 1,200-2,600 
Glass melting furnace 2,400-2,800 
Hydrogen plants 1,200-1,830 
Cement kiln 840-1,150 
Heat treating 800-1,200 

Source: Gas Technology Institue 
 

A number of sites in California suitable for demonstration of the technology were identified. 
Among these are six other furnaces at Shultz’s South Gate facility. The other potential sites 
include: 

• Vacuum Engineering and Materials 
Company, Inc.; Santa Clara 

• Mission Tool and Manufacturing 
Company, Inc.; Hayward 

• PEC of America Corporation; 
San Diego 

• Hi-Temp Insulation, Inc.; Camarillo 

• Wimbledon Industries Inc.; 
Inglewood 

• Alu-Forge, Inc.; Fontana 

• Likom Caseworks USA Inc.; 
Industry 

• Senior Aerospace Jet Products 
Corporation; San Diego 

• Solid State Stamping, Inc.; Temecula 

• Pacific Forge, Inc.; Fontana 

• KBA Engineering, LLC; Bakersfield 

• Rago and Son, Inc.; Oakland 

• Berkeley Forge and Tool Inc.; 
Berkeley 

• Hi Tech Honeycomb, Inc.; San Diego 

• Newman Flange and Fitting Company; 
Newman 

• Owen Illinois; Oakland 

• Schlosser Forge; Cucamonga 

• Carlton Forge; Paramount 

• Steelscape; Rancho Cucamonga 
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http://www.hoovers.com/company/Mission_Tool__Mfg_Co_Inc/hcyxssyk-1.html
http://www.hoovers.com/company/Mission_Tool__Mfg_Co_Inc/hcyxssyk-1.html
http://www.hoovers.com/company/Pec_Of_America_Corporation/xysyhytyt-1.html
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http://www.hoovers.com/company/Alu-Forge_Inc/yjcxkjxs-1.html
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http://www.hoovers.com/company/Senior_Aerospace_Jet_Products_Corp/shjskcf-1.html
http://www.hoovers.com/company/Solid_State_Stamping_Inc/hjccrkrf-1.html
http://www.hoovers.com/company/Pacific_Forge_Inc/jkjttrct-1.html
http://www.hoovers.com/company/Kba_Engineering_Llc/rttcyhrf-1.html
http://www.hoovers.com/company/Rago__Son_Inc/srhjhxs-1.html
http://www.hoovers.com/company/Berkeley_Forge__Tool_Inc/jcrjcfxf-1.html
http://www.hoovers.com/company/Hi_Tech_Honeycomb_Inc/jfstkxkkh-1.html
http://www.hoovers.com/company/Newman_Flange__Fitting_Co/jxxktrxy-1.html


• Diamond Perforated Metals, Inc.; 
Visalia 

• Binder Metal Products, Inc.; 
Gardena 

• Pinnacle Precision Sheet Metal 
Corporation; Anaheim 
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CHAPTER 1: 
Technology 
The Exhaust Waste Heat to Electricity (EWHE) technology illustrated conceptually in Figure 1 is 
designed to effectively recover waste heat in industrial exhaust gases above 800°F and convert it 
into power. It consists of a proprietary Pressure-Balanced Intake (PBI) design, with Heat 
Recovery Fluid Heater (HRFH) that recovers available energy in the exhaust gases to heat a 
thermal fluid, and a thermal fluid driven Organic Rankine Cycle Engine (ORCE) for generating 
electricity. The unique design of the intake furnace exhaust to HRFH connection maintains 
close-to-ambient pressure at the HRFH inlet thereby isolating the furnace from any pressure 
changes that may be caused by the downstream heat recovery equipment. This allows the 
furnace to operate at optimum pressures, which is critical in many industrial furnaces to 
maintain product quality, productivity, furnace life, efficiency, and emissions. The technology is 
applicable to furnaces with stacks that exhaust outside the building as well as to furnaces 
exhausting directly in the building. The technology is especially attractive for furnaces with 
demanding pressure controls and can be retrofit without any furnace downtime. 

Figure 1: EWHE Approach 

Heat Recovery 
Heater

 
Source: Gas Technology Institute 

 

The proprietary PBI component that isolates the furnace from any pressure changes caused by 
the heat recovery equipment is designed to capture not only all of the heat in the furnace 
exhaust gases but, in the case of stack-less furnaces, additional heat from the surrounding hot 
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furnace surfaces. The results of modeling for the host furnace show an overall 84% recovery of 
heat in the exhaust gases to heat the thermal fluid. This is a very positive result considering the 
host furnace is a stack-less furnace exhausting directly into the building, is pulse-fired, and has 
very demanding furnace pressure control requirements. 

The EWHE demonstration was planned for a Shultz facility in South Gate, California, where 
they manufacture re-melted steel, titanium alloy, nickel base alloy, and cast aluminum products 
for aerospace and industrial markets. Shultz operates 28 furnaces at this facility to heat metal 
parts for further processing and finishing. The nominal 30 million Btu/h batch stack-less pulse-
fired furnace selected for the demonstration has an average exhaust gas flow rate of 750,000 
ACFH,. The EWHE system is estimated to recover a significant portion of the heat in these 
exhaust gases to heat 109 GPM of thermal fluid to 475°F in the HRFH. The hot thermal fluid 
drives a nominal 288 kW ORCE to generate 257 kW of electricity, which feeds into the existing 
electrical service to reduce the requirements from the utility. 

The candidate furnaces currently consume an estimated ~800 TBtu natural gas annually; of 
which 294 TBtu is recoverable, assuming a final exhaust gas temperature of 300°F. The 
proposed EWHE technology will generate 12,400 GWh of electricity, which is equivalent to 
displacement of 84.5 TBtu of natural gas for electricity generation. Assuming 8.4 cents per kWh, 
the savings to the industry will be $1.04 billion in electricity costs. At the estimated rate of 
market penetration, cumulative savings at the end of year 15 will be $2.18 billion. 

In addition to the energy and cost savings, the resulting product will increase the 
competiveness of the U.S. manufacturing sector and create jobs for design, fabrication, 
installation and operation of this technology. 
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Table 3: Energy Savings Benefits 

 Basis Total 
2009 

Retrofit 
Furnaces 

YR 15* 

Retrofit 
Furnaces 

Cumulative 
YR 15* 

Estimated gas use in furnaces with > 
800°F exhaust gases, TBtu Estimated from BCS Report4 800 224 1,680 

Average exhaust gas Temperature, °F Average of exhaust gas 
temperatures above 800°F 1,750 1,750 1,750 

Available heat in furnace exhaust gas, 
% 

DOE available heat versus 
temp curve4 53.8 53.8 53.8 

Recoverable Heat for 300°F Final 
Exhaust after Heat Recovery, TBtu 

DOE available heat versus 
temperature curve4 294 82 617 

Electricity generated, GWh Estimated from  HRFH and 
ORCE performance data 12,379 3,466 25,995 

Displaced natural gas at 50% 
generation efficiency, TBtu 

50% natural gas fired power 
generation efficiency 84.5 23.7 177.4 

CO2 reduced, thousand metric tons 53.06 kg/MMBtu natural gas, 
standard conversion factor 4,482 1,255 9,412 

NOx reduced, metric tons 
2.5 ppm at 15% O2 average 

BACT for gas fired power gen 
plants 

346 97 727 

* Estimated market penetration of 2% each year starting year 2 from demonstration 
Source: Gas Technology Institute 
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CHAPTER 2: 
Waste Heat to Electricity System 
This intent of this project was to demonstrate a novel EWHE technology in California. The 
selected unit for retrofit was a stack-less furnace at Shultz’s South Gate, California facility. 
While the EWHE approach is established, there are several site-specific design criteria that 
required consideration for proper application of the technology to the specific furnace at this 
site. 

The initial design of the system called for a heat recovery water heater to extract heat from the 
exhaust stream for transfer to the ORCE. As the system design was refined on the basis of the 
exhaust temperatures from the furnace and the ORCE to be used, the decision was made to use 
high temperature thermal heat transfer oil, rather than water for heat extraction. This would 
avoid the need for maintaining very high hot water pressures in the heat recovery heater to 
prevent boiling, and allow the ORCE to operate at higher temperatures to achieve better 
electrical conversion efficiencies. Switching to a thermal fluid also reduces costs associated with 
running high pressure lines. In addition, thermal oil has excellent heat transfer characteristics. 

As the site-design progressed, it became evident that there were significant temporal 
fluctuations in the available waste heat. Switching to a thermal fluid will also help dampen the 
impacts of these fluctuations by allowing the addition of a thermal storage loop. A storage loop 
was subsequently designed to dampen the impacts of fluctuations in waste heat on downstream 
processes and even out energy input to the ORCE, and the resulting electricity generation for 
more effective performance. Achieving adequate thermal storage with high pressure water 
would have presented a challenge and would be costly. 

The system design was prepared based on estimations of available exhaust energy. As efforts 
moved towards finalizing the retrofit system design and procuring the equipment, it was 
decided to reconfirm the accuracy of available waste heat estimations. Thus, efforts were made 
to characterize the available exhaust temperatures. A thermocouple grid was placed above the 
furnace to capture these data. Analysis of the results confirmed there was sufficient waste heat 
in the exhaust gases to drive the designed EWHE system. The data provided some clarity; 
however, some uncertainty remained regarding the effect of the PBI, and heat extraction of the 
recoverable exhaust temperatures. 

In addition to validating the selected design capacity for the EWHE system, the analysis of 
available waste heat provided insight into the variability of the exhaust temperatures and flow 
rates and their potential impacts on heat recovery and electricity generation system 
performance. It was determined that the rated capacity of the system, as designed is well suited 
to the load profiles, such that it would capture the bulk of the available heat during peak 
exhaust output conditions. Further the EWHE was determined to be capable of achieving 
sufficient operational turndown during low exhaust energy conditions. By including the 
thermal storage loop, the system was found to be capable of smoothing out the variations in 
available exhaust energy. 
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A preliminary engineering design was completed for the Exhaust Waste Heat to Electricity 
(EWHE) system. The following areas were accomplished: 

2.1 Layout 
• Completed preliminary space plan layout 

• Completed preliminary process and instrumentation diagram 

2.2 Electrical 
• Developed low voltage wiring and conduit design for building management system 

interface 

• Reviewed site conditions for pathways and routing to required electrical rooms from 
new energy equipment location 

• Completed preliminary design package that includes interfaces for supply, pumps, and 
controls 

• Prepared Southern California Edison Rule 21 interconnection application and 
documentation 

2.3 Mechanical 
• Reviewed equipment specifications 

• Selected synthetic oil as the heat transfer liquid. The following are reasons for selecting 
oil instead of pressurized water: 

o Pressurized water requires high water pressure and expensive set up including 
high pressure piping and valves, as well as, controls, all subject to ASME design 
codes and certification 

o Synthetic oil has higher thermal heat transfer coefficient then water unless water 
is under very high pressure 

o Pressurized water will require high pressure pumps compared to synthetic oil.  
In addition, these pumps are more expensive and have high parasitic loads. 
These results in less net power produced from the ORCE. 

• Identified location for buffer/storage vessel 

• Identified location for heat recovery unit and limitations 

• Identified location and routing for cooling tower piping 

• Identified piping and pump layout for condensing water tie in to existing cooling tower 
piping system 

• Completed mechanical layout of the ORCE 
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2.4 Flue and Heat Recovery 
• Obtained temperature profile for the flue gas at 1 foot increments horizontally and 

vertically to determine the appropriate location of the pressure balanced intake and 
hood 

• Established a heat capacity calculation for air/flue mix at various flue rate (minimum, 
maximum, and optimum point) 

• Prepared a duct size calculation for flue duct and air duct 

• Established duct routing 

• Completed computational fluid dynamic modelling of hood and ducting 

• Completed design of the pressure balanced intake 

• Selected materials and the ceramic insulated duct materials for the 1800°F application 

• Prepared a basic flow diagram for air/flue 

• Calculated a preliminary hood size and communicated with multiple suppliers for 
possibilities of fabricating the hood 

• Communicated with heat recovery unit manufactures for heat recovery unit selection 

• Completed fabrication drawings for the hood and the heat recovery ducting 

2.5 Heat Transfer Fluid Loop 
• Designed oil storage tanks to attenuate the fluctuations in flue gas content 

2.6 Equipment 
• Completed pre-submittal process for equipment 

• Designed turbine generator for Organic Rankine Cycle energy conversion, where high-
pressure hot gas is expanded through the turbine to drive the generator. Hot gas from 
the boiler piping enters the turbine housing at the upper flange and expands through the 
turbine to turn the rotor and generator shaft. Exhaust gas is expelled to a regenerator by 
means of the lower flange connection. 

2.7 Permitting 
• Confirmed and began implementation process for Permits 

2.8 Pricing 
• Secured system cost estimates from all trades and vendors 
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CHAPTER 3: 
Conclusions 
The following are conclusions and lessons learned from work performed on the project: 

The EWHE technology consisting of a proprietary pressure-balanced exhaust gas intake design 
developed by N2E, a Heat Recovery Fluid Heater (HRFH) that recovers the heat in the exhaust 
gases to heat a thermal fluid, and a thermal fluid driven Organic Rankine Cycle Engine (ORCE) 
generating electricity offers an effective approach for converting waste heat in ≥800°F exhaust 
gases from industrial furnaces into electricity. 

Waste heat recovery may present site-specific design challenges that must be overcome. Even 
for standard Organic Rankine Cycle units, custom site-engineering and analysis is necessary. 

Accurately assessing available waste heat is challenging, especially for stack-less and or batch 
furnaces. This evaluation should preferably be done at the outset of the project as it drives the 
overall system design and equipment specification. 

Variability in waste-heat availability presents challenges for accurately sizing a waste heat 
recovery system, which impacts both its performance and costs. Incorporating adequate 
thermal storage capacity and/or turndown can help even out impacts of this variability on 
downstream equipment and improve overall waste heat recovery system economics and 
performance. 

System cost reductions may be possible through negotiations and consultative design 
improvements developed with input from vendors and installation contractors. 
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GLOSSARY 

Term Definition 
EWHE Exhaust Waste Heat to Electricity 

GTI Gas Technology Institute 

HRFH Heat Recovery Fluid Heater 

N2E N2 Energy Solutions 

ORCE Organic Rankine Cycle Engine 

PBI Pressure-Balanced Intake 

Shultz Shultz Steel Company 

SoCalGas Southern California Gas Company 
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