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Welcome to the DOE video tutorial series on energy and cost analysis. In this 
module, we will:

• Describe TECHTEST, an Excel-based tool that offers a framework for 
conducting an abbreviated Life Cycle Assessment and Techno-Economic 
Analysis of an emerging technology compared to its industry benchmark. 

• We will also go through an example scenario to explore the 
tool’s features.
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• Go through an example scenario to explore the tool’s features

• Describe TECHTEST, an Excel-based tool that offers a framework for 
conducting an abbreviated Life Cycle Assessment (LCA) and Techno-Economic 
Analysis (TEA) of an emerging technology compared to its industry benchmark



When provided with cost, energy, and emissions data for new and benchmark 
technologies, TECHTEST will generate summary tables and visualizations 
detailing the potential benefits and drawbacks resulting from deployment of 
the new technology. The tool has been developed to help clearly demonstrate 
the benefits of an emerging technology to potential investors as well as to 
state and federal funding agencies.

3

The tool has been 
developed to clearly help 
demonstrate the benefits 
of an emerging technology

++
+

++ -
--

-



While working with TECHTEST, you will input data for a new process or 
product as well as for its analogous industry benchmark technology. TECHTEST 
will then generate comparative insights about the economic and 
environmental impacts of both technologies. 
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Note that if you are not yet familiar with Life Cycle Assessment and Techno-
Economic Analysis fundamentals, please refer to our other tutorial videos in 
this series. Also, please note that TECHTEST only examines the Global 
Warming Potential impacts of the new product or process and does not 
incorporate other environmental factors. Before continuing, we encourage 
you to open up the tool itself and follow along to get a hands-on 
understanding of its required inputs and overall functionality.
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The TECHTEST tool starts with a few introductory tabs that contain helpful 
information. The TECHTEST Landing Page contains links to tutorial videos, and 
back-end data tables. 
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On the Full Entry Home Page tab, you will find a list of data input tabs for the 
Full Analytical Approach, which we’ll be going through today. 
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There’s also a Rapid Data Entry Home Page, which streamlines the process for 
users who have already completed their analysis in another format and are 
using TECHTEST to quickly generate results tables and visualizations.
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We’ll be focusing on the Full Analytical Approach in this video. Throughout 
the tool, you will see blue, yellow, and purple cells: blue cells take text or 
numerical user input data; yellow cells will have you choose from a dropdown 
menu of options; and purple cells are filled with default data based on sector 
averages or standard assumptions (though these can be modified if more 
specific data are available). In this Full Analytical Approach, the data inputs 
required to generate results by TECHTEST fall into three categories: Project 
Basics, Life Cycle Impacts and Economic Considerations. 

We’ll start with a general overview of what’s contained in each of these 
sections.
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There are four tabs that fall into the Project Basics category. These tabs help 
the user get started by describing the associated industry and fundamentals 
of the project.
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In the Project Basics & Benchmarks tab, the user identifies where energy, 
emissions, and cost improvements may occur with respect to the new 
technology. 
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The Market tab collects information on the projected market size…
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…and market share of the two technologies. 
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The Functional Unit tab specifies the reference quantity for the new 
technology as well as a performance-equivalent reference quantity for the 
benchmark technology. The reference quantity specifies the amount of 
product delivered based on the performance of each technology. 
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Additionally, further to the right in the tab menu is the Grid Mix 
Customization tab, which allows you to choose between various default 
scenarios for the mix of electricity generation technologies…
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…or input a custom mix of fossil-fuel and renewable sources.
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Moving on, the Life Cycle Impacts category, is composed of three tabs make 
up the bulk of the environmental and economic assessments of the 
technologies. 
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The Raw Materials tab incorporates data on the materials required to produce 
the identified reference quantity for both technologies. This data includes, 
embodied energy, CO2 and cost. 
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The Manufacturing Energy tab calculates the energy required to manufacture 
the reference quantity…
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…broken down by fuel type. 
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And the Use Phase Energy tab quantifies the expected energy impacts from 
the product’s final use.
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And the Use Phase Energy tab quantifies the expected energy impacts from 
the product’s final use.
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The two tabs in the Economic Considerations category house economic 
operations data on the project. 
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The CapEx (or capital expenses) tab captures the expenses for manufacturing 
equipment along with other purchase costs required to produce these 
technologies at the established scale. 
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The OpEx (or operating expenses) tab models the ongoing cost of operating 
the manufacturing equipment, through a measure of labor costs and other 
dynamic cost considerations.
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Finally, the two Results tabs will showcase the results of your TECHTEST 
analysis, in table form in the Summary Tables tab and graphically in the 
Results Dashboard tab. Now that the general TECHTEST framework has been 
established, let’s get started with our example scenario.
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For this example, we will use the Full Analytical Approach to analyze a new 
waste heat recovery technology involving a heat pump being used to cool 
process wastewater and compare it to the benchmark technology of using 
evaporative coolers to achieve the required heat removal. The heat recovered 
by the heat pump can be utilized upstream for process heating needs, 
offsetting natural gas purchases that would otherwise be required.

27

New Technology: Base Case Technology: 

Process Waste 
Water

Excess Heat

Evaporative 
Condenser

Heat 
Dissipation

Process Waste 
Water

Excess Heat

Heat Required 
in Other 
Processes

Heat Pump

Heat Recovery

Natural Gas

Heat Required 
in Other 
Processes

Natural Gas

Evaporative Condenser Waste Heat Recovery (Heat Pump) 



In the Project Basics & Benchmarks tab, we will identify where improvements 
may occur with respect to the new technology. The data input sections of this 
tab include: general project information; the generic market end-use product; 
definitions of competing technologies and products; and the energy, 
emissions, and cost impact drivers. 
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We will enter the end-use product as “cooled waste water,” defining the new 
and commercial benchmark technologies as “Waste Heat Recovery (Heat 
Pump)” and “Evaporative Condenser,” respectively. 
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We then identify the areas where the new technology could see 
improvements over the benchmark.
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On the Market tab, we input the total annual production of the end-use 
product at all U.S. facilities (in this case, the amount of cooled waste water
produced at 10,000 towers nationwide over 365 days), as well as the 
hypothetical use percentages for each technology. There is also space to add 
references, notes, assumptions, and calculations; this space appears at the 
bottom of each data input tab.
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On the Functional Unit tab, we establish 2 million gallons of cooled waste 
water (the typical daily output of a water tower) as our reference quantity. 
Despite differences in the process, both technologies will produce the same 
amount of water, so our equivalent reference quantity stays the same.

Note that the functional unit, and reference quantity, are the basis of 
comparison for the entire assessment, so it is important to ensure consistency 
between the new and benchmark technologies. If you are unfamiliar with 
establishing a functional unit, we recommend viewing the “Defining 
Functional Units” tutorial video, linked at the top of the Functional Unit tab.
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Next, we’ll work through the Life Cycle Impacts category, starting with raw 
materials. The Raw Materials tab compiles data on the materials required to 
produce the identified reference quantity of each technology. These materials 
contribute to the overall dollar cost, energy use, and emissions. Raw materials 
can include product ingredients, materials, and relevant machinery, but will 
vary significantly based on technology and project scope.
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For this example, we have assembled a list of the materials required to build 
the technology in question, along with materials that are consumed when 
running these machines. The machine-part materials are amortized across the 
lifetime of the machine (with their costs included later in the capital expenses 
tab), and all inputs are calculated on a per reference quantity basis. Next, 
embodied energy and embodied carbon values are entered for each raw 
material, as well as the monetary cost of the materials consumed when 
running these machines.

There are a few important points to keep in mind for this section:

First, this tab may be left blank for a technology that is process-focused, as 
raw materials contributions may not be significant in such cases.

Second, the cost of raw materials of machinery should NOT be included, as 
the total machinery cost will be identified later in the CapEx tab.
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The Manufacturing Energy tab calculates the energy required to 
“manufacture” the reference quantity. 
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Energy sources can be selected from dropdown lists within the yellow cells.
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Notice that the values in the purple cells automatically populate after you 
identify the energy sources in the dropdown. 
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If necessary, you can customize the specific prices, global warming potentials, 
and source-to-site ratios by modifying these values in the GWP Ref Tables and 
EIA Ref Tables tabs. And remember, all energy cost inputs should be on a per-
functional-unit basis.
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For our example scenario, we enter the associated electricity and natural gas 
onsite energy consumptions for manufacturing both technologies, based on 
the 2-million-gallon reference quantity.
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In this tab, we will also enter the manufacturing process emissions (if 
applicable) that result from manufacturing the reference quantity. In this case, 
emissions associated with the refrigerant used in the new waste heat recovery 
technology are entered.
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The Use Phase Energy tab is where expected energy impacts from the 
product’s final use are quantified for both the new and benchmark 
technologies. Because the use phase energy depends on the size of the end-
use market, the change in total U.S. annual energy consumption is calculated 
assuming the new technology reaches maximum market adoption overnight.
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Here we will calculate the electricity costs, scaled up to annual usage, for both 
technologies. Additionally, the heat pump reduces natural gas usage by 
transporting heat for process use elsewhere in the system. We can account for 
this by adding a negative input for natural gas. Note that negative inputs can 
be used throughout TECHTEST to show avoided emissions.
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The entered values are determined in the Calculations section at the bottom 
of this tab. 
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The transportation sector does not apply to our waste heat recovery scenario, 
so only energy impacts in the industrial sector are entered.

44

Results 
Dashboard

Summary 
Tables

Grid Mix 
Customization

Unit 
Conversion 

OpExCapExUse Phase 
Energy

Manufacturing 
Energy

Raw 
Materials

Functional 
Unit

MarketProject Basics & 
Benchmarks

Rapid Data Entry 
Home Page

Full Entry 
Home Page

TECHTEST 
Landing Page

Use Phase 
Energy



Moving on to the Economic Considerations category, the CapEx (or capital 
expenses) tab captures the expenses for machinery and other one-time 
purchases required to manufacture the established functional unit. However, 
note that these costs are often independent of the volume of product 
produced. Data inputs here include process and non-process equipment, 
engineering, construction, and any other one-time costs required to 
commission the referenced technology.
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Economic Considerations: 
CapEx

Captures the expenses for 
machinery and other one-time 
purchases required to manufacture 
the established functional unit.

Note: these costs are often 
independent of the volume of 
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We start by entering the annual facility output of the functional unit (not the 
reference quantity) for both technologies. 
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Next, the costs and associated expected lifetime for the necessary system 
components are added.

Keep in mind that the level of granularity of the capital expenses for the new 
technology must be equal to that of the benchmark to ensure a fair cost 
comparison.
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New Technology: Heat Pump Benchmark: Evaporative 
Condenser

WHR – Heat Pump

Piping

Design
Installation

Evap. Condensers

Piping

Design
Installation

10

35

15
15

35

25

25
25
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$61,829 $61,829 $169.39

$64,920          $64,920            $169.39

per 730 mil gals  per 730 mil gals   per 2 mil gals

$1,000,000

$50,000

$10,000
$500,000

Results 
Dashboard

Summary 
Tables

Grid Mix 
Customization

Unit 
Conversion 

OpExCapExUse Phase 
Energy

Manufacturing 
Energy

Raw 
Materials

Functional 
Unit

MarketProject Basics & 
Benchmarks

Rapid Data Entry 
Home Page

Full Entry 
Home Page

TECHTEST 
Landing Page

CapEx



The OpEx (or operating expenses) tab models the cost of operating the 
technology required to produce the established functional unit. Depending on 
your project scope, some inputs in this tab may not be applicable. 
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Economic Considerations: 
OpEx

Models the cost of operating 
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Data inputs include the direct labor costs, along with any other recurring costs 
required to operate or create the technology. 

In our example, there are more system aspects to manage with the 
benchmark technology, so the number of full-time employees will be higher. 
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$12,000

$12,000

$12,000

$32.88

$32.88



Costs that we entered earlier on the raw materials and manufacturing energy 
tabs will auto-populate the lower tables to give a full cradle-to-gate picture. 
And note that these data inputs are to be entered based on a facility’s annual 
production basis.
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We can now see a full summary of the operating expenses for the two 
technologies in the OpEx Summary section, with a significant improvement 
anticipated for the new heat pump technology.
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New Technology: Heat Pump Benchmark: Evaporative 
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One final tab before heading into our results is the Grid Mix Customization 
tab, which allows customization of the electricity grid mix based on the 
generation technologies used, including fossil fuels and renewable sources. 
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Project Basics
Grid Mix Customization

Allows customization of the 
electricity grid mix based on 
the generation technologies 
used.
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The Choose Grid Mix dropdown menu allows you to choose between three 
preset scenarios: a 2022 U.S. Default scenario, a hypothetical Moderate 
scenario (on the way to Net Zero), and a Net Zero scenario that consists 
almost entirely of renewables. There is also a Custom option, which can be 
used to manually edit the mix of energy generation technologies and 
emissions.

53

Results 
Dashboard

Summary 
Tables

Grid Mix 
Customization

Unit 
Conversion 

OpExCapExUse Phase 
Energy

Manufacturing 
Energy

Raw 
Materials

Functional 
Unit

MarketProject Basics & 
Benchmarks

Rapid Data Entry 
Home Page

Full Entry 
Home Page

TECHTEST 
Landing Page

Grid Mix 
Customization



Once all the previous sections have been completed, the results from our 
TECHTEST analysis can be viewed in table and graph form.
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1. Project Basics & Benchmarks
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Results
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The Summary Tables tab shows the detailed costs, energy use, and emissions 
of each aspect of the manufacturing and use processes. 
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This tab is great for examining how the contributions from each section 
contribute to the overall picture, and for directly comparing lifecycle steps. 
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Looking at the results presented in bolded green text, we can see that our 
proposed technology offers the potential for significant cost savings, energy 
savings, and emissions reduction. 
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The Results Dashboard tab presents the big-picture results of our TECHTEST 
analysis in graphical form, displaying charts of cost, energy, and emissions for 
both the reference volume and the overall U.S. market. Results are broken 
down by contribution, and improvements and declines can be seen as green 
and red circles, respectively, in the lower tables.
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In our example, we can see a consistent improvement with the new 
technology. The only area in which the heat pump underperforms is the 
manufacturing phase, where released refrigerants weaken its performance. 
Luckily, the manufacturing phase is a tiny contribution to the whole picture, 
and the heat pump ends up being a much better performer in the long run.
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In this video, we explored the TECHTEST tool and its capabilities for analyzing 
the energy, emissions, and cost-saving opportunities of early-stage 
technologies. This tool was designed to offer a flexible degree of granularity 
when comparing new and benchmark technologies, while providing clear, 
detailed results about the opportunities presented by these new approaches. 

We hope you’ve found this video helpful in orienting yourself with the 
TECHTEST tool. Check out our other videos in this series to learn more tools 
and techniques for evaluating costs and environmental impacts of early-stage 
technologies. Thanks for watching!
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In this video, we explored the TECHTEST tool and its capabilities for 
analyzing the energy, emissions, and cost-saving opportunities of early-
stage technologies. 

Thanks for 
watching!

Please check out our other videos in this series to learn more tools and 
techniques for evaluating costs and environmental impacts of early-stage 
technologies.  


