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Executive Summary 

In September 2020, Google announced our most ambitious clean energy commitment yet: 
by 2030, we intend to operate entirely on 24/7 carbon-free energy (CFE) at all of our data 
centers and campuses worldwide. This paper provides a detailed overview of our current CFE 
framework and methodology, in the hope that it can help other companies and consumers 
envision how they too can set goals to move closer to 24/7 CFE and maximize their impact on 
grid decarbonization. We are continuing to refine our approach and welcome all feedback. 

Section one of the paper discusses why we set our 24/7 goal, how it’s different from what 
we’ve accomplished to date, and the key principles behind the program. Google’s 24/7 CFE 
program is motivated by a core insight: to mitigate the worst impacts of climate change, 
electricity grids must decarbonize as quickly as possible. By targeting round-the-clock clean 
electricity supply for our operations, we hope to demonstrate and highlight the types of 
strategies and approaches needed to decarbonize the electricity system as a whole. 

Section two details the key metrics we use to measure CFE and track our progress. We use 
two primary metrics. The first, CFE Score, measures the degree to which each hour of our 
electricity consumption on a given regional grid is matched with CFE on an hourly basis.  
This is calculated using both CFE under contract by Google, as well as CFE coming from  
the overall grid mix. The second metric, Avoided Emissions (tCO2e), measures the  
carbon emissions impact of our procurement decisions, and is used to help prioritize our 
procurement activities across time and geography.  

Section three describes metrics that we’ve developed to evaluate new CFE projects and  
how they fit into our portfolio. We have developed two Transaction Scores that help us 
determine the efficiency of new projects in helping to achieve our goal. The first score 
measures the expected CFE Score improvement per dollar spent on the project. The second 
metric measures the expected Avoided Emissions per dollar spent. Using these two scores, 
as well as other criteria, we are able to prioritize new projects for possible inclusion in  
our portfolio. 

24/7 Carbon-Free Energy: Methodologies and Metrics

https://blog.google/outreach-initiatives/sustainability/our-third-decade-climate-action-realizing-carbon-free-future
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Section four describes modeling that we performed to better understand our potential 
pathways to 24/7 CFE by 2030. Two key insights stand out. First, a portfolio approach is 
essential; the inclusion of multiple types of CFE technologies in our portfolio helps both 
reduce risk exposure and increase impact in terms of emissions reductions relative to one 
technology alone. Second, grid-scale decarbonization is an important lever to improve 24/7 
CFE, and public policy is key to driving grid decarbonization. 

Finally, in section five, we look at important methodological questions and market gaps  
that remain to be addressed to improve 24/7 CFE accounting. This includes updates to 
greenhouse gas accounting methodologies to incentivize higher-impact approaches,  
the need for more transparent electricity data, and refining both electricity and emissions 
accounting approaches. We invite other companies and organizations to join us in identifying 
and advocating for solutions to these challenges, so that the standards and tools that are 
developed are optimized to drive decisions that accelerate electricity system decarbonization. 

Introduction

In September 2020, Google announced our most ambitious clean energy commitment yet: 
by 2030, we intend to operate entirely on 24/7 carbon-free energy (CFE) at all of our data 
centers and campuses worldwide. This commitment builds on over 14 years of work to 
address the carbon impacts of our electricity consumption, starting with becoming carbon 
neutral in 2007 and successfully matching 100% of our annual, global electricity consumption 
with renewable energy purchases since 2017.

As part of our September 2020 announcement, we detailed our approach to achieving our 
24/7 CFE goal in a companion white paper. Since we first shared our 24/7 carbon-free 
aspiration in 2018, we have been hard at work refining our methodology for measuring our 
CFE progress, modeling our pathways toward 24/7 CFE at every site, and identifying the 
potential transactions and policy advocacy opportunities that will help us get closer to  
our goal. 

As we progress toward our 2030 goal, we hope to chart a path for others so that we work 
collectively to drive the electricity system toward full decarbonization. In order to achieve 
this, it’s important to have all stakeholders in the electricity ecosystem—from utilities to 
governments to other corporate purchasers of clean electricity—focused on the goal of 
decarbonization and moving in the same direction toward its realization. The first principle in 
achieving any target is measurement. With that in mind, this paper provides a detailed 

https://blog.google/outreach-initiatives/sustainability/our-third-decade-climate-action-realizing-carbon-free-future
https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf
https://storage.googleapis.com/gweb-sustainability.appspot.com/pdf/24x7-carbon-free-energy-data-centers.pdf
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overview of Google’s current CFE framework and methodology, in the hope that it can help 
other companies and consumers envision how they too can set goals to move closer to 24/7 
CFE and maximize their impact on grid decarbonization. 

The paper is organized in the following sections: 

1.	 Motivation and Principles 

2.	 Methodology and Metrics

3.	 Project Evaluation and Execution

4.	 Modeling the Pathways to 24/7 Carbon-Free Energy 

5.	 Future Considerations  

This is still a nascent program and we fully expect our methodologies to evolve and improve 
as we gain more experience. That said, we feel it’s important to share our approaches now, so 
that others can learn and apply it to their own portfolios and so that we can continue to 
improve our own work. We welcome all feedback. 

1. Motivation and Principles 

 Key Takeaways:

•	 Google’s 24/7 CFE program is motivated by a core insight: to mitigate the worst 
impacts of climate change, national economies must decarbonize electricity grids  
as quickly as possible. 

•	 This has led us to move beyond our 100% renewable energy goal and look at how  
we can decarbonize our electricity consumption every hour of the day, on every  
grid where we operate. 

•	 There are a number of key principles that guide our procurement efforts:  
1) time-based matching, 2) local procurement, 3) technology-inclusive approach,  
4) additionality, and 5) grid-scale decarbonization.
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Google’s 24/7 CFE program is motivated by a core insight: to mitigate the worst impacts of 
climate change, national economies must decarbonize as quickly as possible. Electricity plays 
a key role in economy-wide decarbonization, as it is both a significant source of carbon 
emissions today, as well as a pathway to decarbonize other sectors of the economy via 
electrification. Decarbonization of electricity supply is thus a key linchpin in the mitigation  
of carbon emissions. 

This insight has led Google to look beyond our achievement of purchasing 100% renewable 
electricity on a global, annual basis, which we first achieved in 2017, to how we can 
decarbonize our electricity supply in every hour of every day on every grid where we  
operate. By setting and advancing toward this 24/7 CFE goal for our operations, we hope  
to demonstrate and highlight the types of strategies and approaches needed to decarbonize 
the electricity system as a whole.

To operationalize this goal, we identified five important principles that guide our metrics as 
well as our project evaluation and policy advocacy efforts. 

1.	 Time-based matching to our load: Our prior procurement efforts to reach our 100% 
renewable energy goal focused on procuring enough MWh of renewable energy to meet 
our annual electricity consumption. For 24/7 CFE, when that electricity is generated 
matters. The carbon footprint of our electricity consumption varies hourly, depending  
on the mix of electricity generation sources operating in a particular hour. To fully 
decarbonize our electricity supply, we will focus on ensuring that each hour of our 
consumption is fully matched by carbon-free electricity generation. Focusing on hourly 
measurement helps connect our corporate sustainability goals to the physical reality of 
the grid systems and energy markets where we operate.  

2.	 Local procurement: While our 100% renewable energy achievement is based on 
renewable energy procured on a global basis, our 24/7 CFE goal is focused on 
decarbonizing our electricity supply on every grid where we operate. The emissions 
that Google is responsible for through our electricity consumption vary based on the 
carbon intensity of the grids where we operate and our procurement of clean electricity 
on those same grids. Focusing on the locations where we operate is the only way to drive 
the electricity-related emissions that we are directly responsible for to zero. 

3.	 Technology-inclusive: With our new 24/7 CFE goal, we are deliberately opening up the 
technology envelope to encompass all carbon-free energy technologies which we 
believe will play important roles in enabling decarbonization of electricity grids. Existing 
CFE sources like hydro and nuclear power already make significant carbon-free 
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contributions to grids around the world, and numerous studies show that reducing 
emissions to zero by mid-century, so-called “deep decarbonization,” is more feasible  
and cost-effective with a diverse portfolio of carbon-free resources.1

4.	 Additionality: An important principle of our energy procurement is that Google, through 
our energy procurement activities, is enabling the deployment of clean electricity 
generation that is new to the grid. Generally speaking, Google seeks to sign contracts to 
purchase both electricity and carbon-free attributes from clean energy projects that are 
in the development stage. The stable future revenues provided by these contracts enable 
the project to attract the financing needed to be constructed. As the clean energy 
market matures, we recognize that additionality can be represented in various forms 
such as repowering existing facilities, or extending the life of clean energy assets that 
might otherwise be retired. As we assess the additionality criteria of individual projects, 
our due diligence process will ensure that all procurement ultimately serves the objective 
of grid decarbonization.

5.	 The grid is the ultimate goal: While Google has set a measurable goal for itself to 
achieve 24/7 CFE on every grid where we operate by 2030, the ultimate goal of our 
efforts is to accelerate decarbonization of the electricity grid as a whole. This is why  
the amount of CFE in the electricity grid mix is included in our CFE methodology, as 
described further in the next section, so as to ensure that procurement and actions by  
Google and others pursuing similar approaches will be complementary to the grid and 
help fill existing gaps. We can further this goal by increasing the amount of clean energy 
we bring onto the electricity grid through our procurement activities, by ensuring that 
clean energy better matches our demand on an hourly basis, and by advocating with 
others for policies that accelerate grid decarbonization. Our 24/7 CFE aspiration is about 
more than encouraging other companies and organizations to set similar targets; we 
hope that it turbocharges efforts to decarbonize the electricity grid everywhere and at 
all times. That is the ultimate goal and one that we believe is achievable, sooner rather 
than later. 
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2. Methodology and Metrics  

 Key Takeaways:

•	 There are two primary metrics we use to measure our progress towards 24/7  
CFE and our associated impact. 

•	 The first, CFE Score, measures the degree to which each hour of our electricity 
consumption on a given regional grid is matched with CFE on an hourly basis.  
This is calculated using both carbon-free electricity under contract by Google,  
as well as CFE coming from the overall grid mix. 

•	 The second metric, Avoided Emissions (tCO2e), measures the carbon  
emissions impact of our procurement decisions, and is used to help prioritize  
our procurement activities across time and geography.  

Google’s approach to 24/7 CFE seeks to decarbonize every MWh of Google electricity 
demand by matching it with a MWh of carbon-free electricity, on every regional grid where  
we operate, and in every hour of the day. In order to calculate this and measure progress 
toward this goal, Google collects data on electricity usage across our global portfolio of data 
centers, data on the electricity production of CFE projects that we have under contract, and 
data on the overall generation and consumption mix of the regional electricity grids where our 
facilities are located.2

A Regional Grid corresponds to the area over which a single entity manages the operation  
of the electric power system and ensures that demand and supply are finely balanced. In the 
U.S., this generally means the ISO or RTO in regions that have these regional market structures. 
If no such structure exists, then Google defines the Regional Grid as the electricity balancing 
authority where our data centers are located.3 Outside of the United States, the Regional Grid 
most often refers to the geographic boundary of a country, because most grid system 
operators operate at the national level. Certain regions that span multiple countries are well 
interconnected and could be considered as one grid; however, our grid mix calculations 
already include import and export considerations and therefore take into account power  
flows from neighboring grids. In the future, we may update our definition as we work with  
grid operators to better understand how transmission constraints or congestion impact CFE 
measurement within and across Regional Grids. 
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The diagram below provides a visual representation of various hourly scenarios within our 
CFE framework:

1.	 All of Google’s electricity consumption is supplied from the Regional Grid, which is a 
combination of carbon-free and carbon-based resources.

2.	 Some of Google’s electricity consumption is supplied from Google-contracted CFE  
and some of it is supplied from the Regional Grid mix.

3.	 All of Google’s electricity consumption is supplied from Google-contracted CFE and 
there is excess Google-contracted supply above Google’s consumption in that hour 
(“Excess CFE”).

4.	 All of Google’s electricity consumption is supplied from Google-contracted CFE  
and/or Grid CFE.

FIG. 1

Hourly scenarios in our carbon-free energy (CFE) framework
In any given hour, a data center's energy profile takes one of the following forms:

2. Hour when Google-contracted  
�CFE is less than site load 

Electricity use is partially matched with 
�regional contracted CFE; the remainder is 
�apportioned to the regional grid mix   

Grid carbon-based energy

Google-contracted CFE

Excess Google-contracted CFE

Grid CFE

1. Hour with zero � 
Google-contracted CFE

Data center’s electricity use corresponds 
�only to the regional grid mix—a combination 
�of carbon-free and carbon-based sources   

4. Every hour in a � 
24/7 CFE future

Electricity use is fully matched with CFE, 
�either from regional contracted �CFE or  
the regional grid mix

3. Hour when Google-contracted � 
CFE exceeds site load

Electricity use is fully matched with �regional 
contracted CFE; generation �in excess of  
site load does not increase �site’s CFE match            

Hourly electricity use

(Megawatt-hours)
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The first two bars represent hours in which Google’s electricity consumption (or load) 
exceeds Google-contracted CFE generation within the Regional Grid. The second two bars 
represent hours in which Google’s electricity consumption is fully supplied (matched 100%) 
by CFE. Achieving 24/7 CFE means that every hour of electricity consumption is matched by 
either Google-contracted CFE or CFE from the Regional Grid (represented by the fourth bar 
in the diagram above).

We calculate two key metrics to measure our progress toward our CFE goal and the impact 
of our procurement activities. The first is what we call Google’s Carbon-Free Energy Score 
(CFE Score), expressed as a percentage of Google’s load, which measures the degree to 
which our hourly electricity consumption is matched with carbon-free electricity generation 
within the Regional Grid. The second metric is Avoided Emissions (tCO2e) due to CFE that 
we procure, which helps to prioritize our procurement and other program activities. Both of 
these metrics are explained in detail below.

a. CFE Score % 
 

Google’s CFE Score in each hour is the percentage of Google’s load that is matched by CFE 

within the Regional Grid. The CFE Score of any given hour is calculated as (equation 1):  

(1) CFE Score % (h) = (Contracted CFE MWh + Consumed Grid CFE MWh) / (Load MWh)

There are three components to the hourly CFE Score equation: 

•	 Contracted CFE [MWh]

•	 Consumed Grid CFE [MWh]

•	 Electricity load [MWh]

Contracted CFE is the MWh from CFE projects purchased by Google that is less than or 
equal to Google’s electricity demand (“Load MWh”) in a given hour and region (equation 2). 
This is represented by the dark blue bar in the diagram above. Hourly load and hourly supply 
data are collected for each demand facility and contracted clean energy project, and are 
then mapped to a Regional Grid.

(2) Contracted CFE MWh = Min (Load MWh, CFE Generation MWh)
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If Google’s total CFE generation exceeds Load MWh in a given hour and region, the CFE 
consumed by Google is capped at the Load; this means the CFE Score in this hour would be 
100% and that "consumed" Contracted CFE can never exceed 100%. In other words, the 
“Excess CFE” from the projects under contract that generate MWh of clean electricity over 
and above what Google consumes in a particular hour is not counted toward our goal (Excess 
CFE is represented by the light blue portion of the third bar in the diagram above). While it 
doesn’t contribute to Googe’s CFE Score, Excess CFE still represents clean electricity 
generation for the Regional Grid. It could also potentially be stored (using batteries, for 
example) and shifted to another hour where Contracted CFE is less than the Load MWh.

Consumed Grid CFE refers to the amount of CFE in a Regional Grid, measured in MWh,  
that is applied to Google’s load for any hour where Contracted CFE is less than the Load  
(this is represented by the green bars in the diagram above). For hours when Contracted CFE 
equals or exceeds Google’s load, Consumed Grid CFE is equal to zero. If Google’s Contracted 
CFE in MWh is less than Google’s load in an hour, then Consumed Grid CFE equals Google’s 
load less the Contracted CFE, multiplied by the Grid CFE % (equation 3). 

(3) Consumed Grid CFE MWh = [Load MWh - Contracted CFE MWh] x Grid CFE %

The consumption grid mix for a given hour considers the generation on the grid that is 
produced by CFE resources as well as the clean energy proportion of power trade flows  
both to and from neighboring grids via interconnections. These two combined provide the 
proportion of electricity consumed on the grid that is carbon-free. Accounting for cross-
regional power flows helps us incentivize the development of interconnected grids, which will 
help support increasing levels of penetration of variable renewable energy technologies like 
wind and solar. Additionally, understanding the hourly profile of the grid will help determine 
the right mix of additional Contracted CFE that is needed to match our consumption in the 
hours where the Grid CFE % is lower. 

The call out box below shows a numerical example of an hourly CFE Score calculation. Once 
the CFE Score for each hour has been calculated, we calculate the Annual CFE Score (%)  
as the load-weighted average of all hourly CFE Scores during that year. This is an annual 
extension of equation 1 above, and can also be represented mathematically as (equation 4): 

(4)
Σ i=1

n=8760min (Load MWhi , CFE Projects MWhi ) + [Load MWhi  − min (Load MWhi , CFE Projects MWhi )] × Grid CFE %

Σ i=1
n=8760Load MWhi 

9
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Visualizing 24/7 Carbon-Free Energy   

As we’ve progressed toward 24/7 CFE, data visualizations have been important tools to 
assess our portfolio and identify gaps in CFE supply. We have developed visualizations we  
call “Carbon Heat Maps” that enable visualization of each hour of the year—all 8,760 of 
them—and determine how carbon-free our electricity consumption is over the course  
of a year.   

The example heat map below is for our Lenoir, North Carolina data center in 2019. Going from 
the rectangle’s left to right, January 1st is the left edge and December 31st is the right edge; 
the vertical axis of the rectangle represents each hour in a full day beginning at midnight 
(from top to bottom). This heat map shows that the carbon-free content of electricity 
consumption at this data center was generally highest during the middle of the day. This is 
due to the 75 MW solar PV project (Contracted CFE) that Google has under contract on the 
Regional Grid (Duke Energy balancing authority) where the data center is located. In 2019, the 
Annual CFE Score for this data center was 65.5%. The highest CFE hour (91%) occurred on 
April 16th at 12 noon, while lowest CFE hour (40%) occurred on September 26th at 7pm. 

HOURLY CFE CALCULATION EXAMPLE 

When MWhPPAs < MWh Load

Contracted CFE Volume = 15 MWh 
Load = 35 MWh 
Grid CFE = 60% 

27 MWh  = 15 MWh + (35 MWh - 15 MWh) x 60%
Google CFE Score = 27/35 = 77%

When MWhPPAs > MWhLoad 

Contracted CFE Volume = 40 MWh 
Load = 35 MWh 
Grid CFE = 60% 

Google CFE Score = 100%
5 MWh of “Excess CFE” (40 - 35 MWh)
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In addition to the Carbon Heat Maps showing the annual CFE profile of our data center 
consumption, we recently published “Carbon Heat Clocks” for each of our data centers, 
which show the variation in the CFE Score in hours of a particular day. The below Carbon Heat 
Clock shows the hourly CFE profile for the same two days highlighted in the Carbon Heat 
Map above. On April 16th, which was the day with the highest hourly CFE Score of the year, 
the CFE Score ranged from 61% at 10pm to 91% in the middle of the day. On September 26th, 
the day with the worst hourly CFE Score, hourly CFE ranged from 40% at 7pm to 78% at 11am. 

11

FIG. 2

Average Annual CFE of 65.5% at Data Center in Lenoir, North Carolina, 2019
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Carbon Heat Clock, Data Center in Lenoir, North Carolina
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These metrics and visual tools help us better understand the carbon-free profile of our data 
center electricity consumption, and what types of projects and times of day are important to 
prioritize to bring us closer to our goal. 

b. Avoided Emissions (tCO2e)

While we are focused on moving toward round-the-clock CFE at every site, we also use a 
secondary emissions-related metric to differentiate the grids where we operate and prioritize 
both the grids and the hours where early action will have a greater impact on reducing 
carbon emissions. 

This is important because the CFE Score metric can mask significant variation in carbon 
intensity of electricity grids, as well as the sources of those grid emissions. For instance, at 
our data center in Mayes County, Oklahoma, our annual CFE Score in 2019 was the highest in 
our global portfolio at 95.7%, due to the significant amount of wind electricity that we have  
under contract on the Regional Grid (SPP); however, the electric grid itself is still relatively 
carbon-intensive.  

The carbon emissions associated with fossil fuels also vary depending on the source. In 
Singapore, for instance, the Grid CFE % in 2019 was only 2%, as natural gas provides nearly all 
of Singapore’s electricity generation. The average annual carbon intensity of Singapore’s 
electricity grid in 2019 was 0.493 tCO2e / MWh. In Taiwan, the Grid CFE % was higher at 16%. 
However, the carbon intensity of Taiwan’s electricity grid (0.542 tCO2e MWh) is higher than 
that of Singapore, as Taiwan still relies on a significant amount of coal for electricity 
generation, which has approximately double the carbon dioxide emissions per MWh of 
natural gas. Therefore, a transaction to add new carbon-free electricity generation in Taiwan 
will likely have a higher impact on avoided carbon emissions than a transaction in Singapore, 
even though Singapore has a lower Grid CFE % than Taiwan.   

To elucidate these tradeoffs and help prioritize procurement activities, we calculate the 
electricity-related carbon emissions that we are responsible for in every hour and on every 
Regional Grid where we operate. Google Electricity Emissions (tCO2e) is calculated as the 
difference between our Load and Contracted CFE, multiplied by the carbon intensity of the 
grid where we operate (equation 5). Contracted CFE is assumed to have zero operating 
carbon emissions. For each hour and grid, this is calculated as:

(5) Google Electricity Emissions (tCO2e)  

      = [Load MWh - Contracted CFE MWh] x Grid Carbon Intensity tCO2e / MWh

12
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By the same token, we calculate Avoided Emissions (tCO2e) for each hour as the difference 
between grid carbon emissions (or Load MWh multiplied by Grid Carbon Intensity) and 
Google Electricity Emissions after accounting for all Google clean energy purchases 
(Contracted CFE). 

(6) Avoided Emissions (tCO2e) = (Load MWh x Grid Carbon Intensity tCO2e / MWh) -  
	  ([Load MWh - Contracted CFE MWh] x Grid Carbon Intensity tCO2e)

To estimate grid carbon emissions, we use average hourly carbon emissions data. The 
appendix includes more detailed discussion of the methods and sources of data that are 
used to calculate emissions impact. Our approach to calculating avoided emissions on an 
hourly basis is a departure from standard carbon accounting methodologies (Scope 2 
Guidance) and we discuss this further in section five, in addition to why we use average 
emissions instead of marginal emissions for this calculation. 

3. Project Evaluation and Execution

        Key Takeaways:

•	 We’ve developed metrics to evaluate new CFE projects and how they fit into  
our portfolio. These include two Transaction Scores that help us determine  
the efficiency of new projects in helping to achieve our goal. 

•	 The first score measures the expected marginal improvement in the CFE Score 
per dollar spent on the project. The second metric measures the expected 
emissions reduction impact per dollar spent. 

•	 We treat these scores as guideposts for project evaluation within our global 
portfolio. We will build a portfolio that balances CFE Score improvement,  
carbon emissions impact, cost, regional constraints, and longer-term  
strategic investments.  

13
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The previous section explored the methodology and metrics that we use to measure our 
progress towards 24/7 CFE. We also use these metrics to evaluate new CFE projects and  
how they fit into our portfolio. This section describes the way we use these metrics to rank 
prospective projects. The following section discusses the internal process we undertook to  
model our data center and energy portfolio and determine the possible pathways to reaching 
our 2030 target. 

a. Project Evaluation Matrix

Assuming a project meets the principles outlined in section one above, we will then assess the 
project, consider how it could fit into our portfolio, and determine its priority relative to other 
projects. To evaluate a project’s value within our 24/7 CFE program, we measure how much it 
will improve both our CFE Score and our Avoided Emissions metric in relation to the cost of the 
project. To account for both project costs and improvements in these metrics, we created a 
two-tier Transaction Score (TS). 

i.	 TS1: Project Costs in $ / Percentage Change in CFE Score 
The objective of the first transaction score (TS1) is to measure our spend efficiency per 
percentage increase in the CFE Score that the project enables. Because the percentage 
change in the CFE Score will depend on the size of load in a region, we normalize the 
score by also dividing by MW load, so that we can compare scores across or within 
regions. When comparing two projects using TS1, a lower score means that the marginal 
increase in CFE is higher per dollar spent on that project versus a project with a higher TS1 
score. In other words, a lower TS1 score means we can reach higher CFE levels at lower 
cost. The formula for TS1 is presented below (equation 7)4:

	 (7) $ per MW per % CFE = Net Spend USD / MW load / (% change in CFE x 100)

	 Net Spend represents the overall premium (or discount) over the period of time for which 
we calculate the CFE Score. This value is calculated as the additional cost (or benefit) 
compared to the relevant benchmark price for power from the electricity grid.

ii.	 TS2: Project Costs in $ / Avoided Emissions (tCO2e)    
The objective of the second transaction score (TS2) is to measure the spend efficiency of 
a project per tCO2e avoided. Again, this is a relative measure that is used to compare 
transactions across or within regions. A lower score means that the marginal increase in 
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avoided CO2e emissions is higher per dollar spent than a project with a higher score. In 
other words, a lower TS2 score means we can avoid a higher amount of carbon emissions 
at a lower cost. The formula for TS2 is presented below (equation 8):

(8) $ per tCO2e avoided = Net Spend USD / tCO2e avoided

These scores, which are typically calculated for a targeted forecast year, or range of years, 
are assessed for every potential transaction that we consider. These transaction scores also 
help us understand the impact of project size: projects that are significantly larger than our 
load will likely lead to an increase in excess CFE while providing only a marginal improvement 
in the CFE Score or tCO2e avoided, yielding a worse transaction score. This incentivizes us to 
right-size projects relative to our load and seek opportunities to better match CFE with our 
consumption in each hour. In addition, we have identified benchmark ranges for both TS1 and 
TS2 to determine the attractiveness of a project for our portfolio. These benchmarks are 
estimated based on modeling clean energy portfolios that allow us to hit our future CFE 
targets. The figure below shows two example projects relative to illustrative benchmark values.
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FIG. 4

CFE Project Evaluation Matrix

Score 1
$/MW/% CFE Score 
Increase

Score 2
$/tCO2e avoided

Portfolio average TS1

Portfolio average TS2

Medium value
Some projects

Project 2

Project 1

High value
Majority of projects

Medium value
Some projects

High cost
Fewer projects



24/7 CARBON-FREE ENERGY: METHODOLOGIES AND METRICSFEBRUARY 2021

16

 
In this figure above, we see an example with two projects. The table below shows sample 
calculations for these two projects. Note that the numbers in this example are illustrative  
and do not represent values from actual projects:

 
 
 
As shown in the table, Project 1 on a total net spend basis is more expensive than Project 2 
($500k vs. $400k), but Project 1 has a higher CFE Score change (6%) than Project 2 (2%) and a 
higher avoided emissions tCO2e (48,000 tCO2e) than Project 2 (18,000 tCO2e), which results 
in a lower TS1 and TS2. Therefore, based on this framework, Project 1 should be prioritized 
over Project 2. 

It is important to note that we treat these scores as guideposts for project evaluation within 
our global portfolio. As we build a portfolio that balances CFE Score improvement, cost, 
regional constraints, and longer-term strategic investments, we expect to transact with 
projects that fall into each of the four quadrants of this matrix. In addition to these financial 
metrics, we will also consider the qualitative elements of potential procurements, including 
sustainability and equity criteria. 

NAME

 
Project 1

Project 2

PROJECT

 

50 MW wind MISO

50 MW solar SPP $400,000 / 150 MW  
/ (2% x 100) = $1,333

$400,000 / 18,000  
tCO2e = $22.2

TS2 ($ /tCO2e AVOIDED)

 

$500,000 / 48,000  
tCO2e = $10.4

TS1 ($/MW/% CFE SCORE INCREASE)

 

$500,000 / 100 MW  
/ (6% x 100) = $833
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4. Modeling the Pathways to  
     24/7 Carbon-Free Energy 

  
Key Takeaways:

•	 We modeled different scenarios to understand our potential pathways to  
24/7 CFE by 2030. 

•	 Two key insights stand out. First, our modeling confirms that a portfolio approach 
is essential; the inclusion of multiple types of CFE technologies in our portfolio 
helps both reduce risk exposure and increase impact in terms of emissions 
reductions relative to one technology alone. Second, grid-scale decarbonization 
is an important lever to improve 24/7 CFE, and public policy is key to driving  
grid decarbonization.

 
In advance of setting our 2030 CFE target, we used the metrics outlined above and took  
a data-driven approach to modeling our pathway to achieving our goal. For each grid, we 
modeled different scenarios with respect to our electricity demand growth, the evolution  
in cost of different CFE technologies, and the decarbonization of electricity grids through 
policy actions. This exercise helped us better understand the supply, technology, and policy 
options available to make progress toward our goal in each region, as well as the costs and 
potential barriers to achieving it.

The specific variables we used in this modeling included:  

•	 Trends in power market prices 

•	 Trends in the composition of fuel mix on electricity grids 

•	 Evolution of renewable energy costs

•	 Advanced CFE technology adoption and cost curves

•	 Renewable energy production profiles across all 8,760 hours of the year

•	 Hourly Google load forecasts 

For each region in our portfolio, we modeled thousands of different combinations of CFE 
technologies and policies impacting the grid, which provided us with a range of possible CFE 
Score outcomes and associated costs, pointing to different CFE portfolios that would be 
most likely to advance us toward our target in each region. This modeling exercise is not 
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meant to identify each specific step on our pathway to 24/7 CFE, and we expect many 
assumptions and conditions to change over the next decade as the clean energy system 
continues to evolve. However, this modeling exercise yielded some important insights  
that will guide us as we advance toward our 2030 target.

a. Portfolio Approach is Essential   

Diversification is important to managing risk in any investment portfolio, and our modeling 
indicates that the inclusion of multiple types of CFE technologies in our portfolio helps both 
reduce risk exposure and increase impact in terms of emissions reductions relative to one 
technology alone. To illustrate this, we modeled the electricity consumption of one data 
center in our portfolio under four different scenarios: 1) procurement of electricity from  
a standalone 100 MW solar PV project, 2) doubling the size of the solar PV project,  
3) procurement of electricity from solar PV + storage, and 4) procurement of electricity 
from solar PV + storage, as well as a firm CFE technology. The results demonstrate that 
solar alone accounts for a 38% decrease in carbon emissions relative to a baseline of no 
procurement (i.e. hourly carbon emissions from the broader grid). Doubling the size of  
the solar system only decreases emissions by an additional 5%. If instead, the initial  
100 MW solar PV project was paired with a 100 MWh storage system, there would be an  
incremental 9% drop in emissions. If a firm CFE technology is included on top of that—at  
5% capacity addition relative to the size of the solar project—we would see another 8% 
decrease in emissions.

SCENARIO

Baseline: Solar (100 MW)

Increase Solar Two-fold (200 MW) 

100 MW Solar + 50 MW BESS (2hr)

100 MW Solar + BESS + 5 MW firm tech

38%

43% (+5%)

47% (+9%)

55% (+17%)

68%

70% (+2%)

72.5% (+4.5%)

76% (+8%)

% DECREASE IN  
CARBON EMISSIONS (ANNUAL) % CFE
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In addition to the carbon benefits, technology diversification also reduces the financial risks 
associated with reliance on one technology with a specific generation profile to achieve a 
CFE target. Even if procurement of solar PV alone is more cost-effective on a $/MWh basis, 
achieving a high CFE target with solar alone may require a significant over-procurement of 
electricity relative to the size of load. This excess procurement exposes buyers to the risk of 
energy price variations during hours in which the excess solar power is generated. At a 
system level, marginal energy prices will likely be depressed in these solar hours as more VRE 
is added to the grid. 

The results of our analysis demonstrate that targeting a diverse portfolio of carbon-free 
technologies can most cost-effectively decarbonize electricity demand. This approach is 
particularly helpful at higher levels of decarbonization, as the marginal contribution of any 
one type of technology decreases. 

FIG. 5

Carbon Emissions Impact of Technology Procurement Scenarios
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b. Decarbonization of the Grid Makes 24/7 CFE Targets More 
Achievable, and Policy is Key 

Another key insight from our modeling is that decarbonizing electricity grids (i.e. increasing 
Grid CFE) can improve the likelihood of achieving 24/7 CFE. Increases in the grid CFE % 
reduces the amount of CFE MWh that needs to be contracted. It also means that the grid  
is getting cleaner for all electricity users.  

Importantly, increases in grid CFE can be accelerated by smart public policies targeted at 
decarbonizing electricity grids. Governments have an important role to play to set the  
right frameworks and policies to rapidly develop and deploy clean energy technologies  
and empower consumers to purchase clean energy. In a forthcoming white paper, we will 
outline our policy vision for how policymakers can best accelerate the development of a 
decarbonized electricity system. 

 

5. Future Considerations

 Key Takeaways:

•	 Important methodological questions and market gaps must be addressed to 
improve 24/7 CFE accounting. 

•	 This includes updates to greenhouse gas accounting methodologies to 
incentivize higher-impact approaches, the need for more transparent electricity 
data, and refining both electricity and emissions accounting approaches. 

•	 We invite other companies and organizations to join us in identifying and 
advocating for solutions to these challenges, so that the standards and tools  
that are developed are optimized to drive decisions that accelerate electricity 
system decarbonization.

 
While we have made significant improvements in measuring our progress towards 24/7 CFE 
and evaluating projects that could help us get there, important methodological questions or 
market gaps remain to be addressed. This section identifies some of the key areas of 
consideration for future work. We invite other companies and organizations to join us in 
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identifying and advocating for solutions to these challenges, so that the standards and  
tools that are developed are optimized to drive decisions that accelerate electricity system 
decarbonization.

a. Updating GHG Accounting Methodologies 

The current international framework for accounting for corporate greenhouse gas (GHG) 
emissions, known as the GHG Protocol, does not recognize the higher emissions impact of 
24/7 or other advanced procurement approaches. Under the Scope 2 Guidance, indirect 
GHG emissions from purchased electricity, or “Scope 2” emissions, are calculated using two 
approaches: the market-based method and the location-based method.5 The location-based 
method reflects the average emissions intensity of grids on which energy consumption 
occurs, while the market-based method considers decisions that companies have made to 
purchase contractual instruments conveying lower GHG emissions. 

Under the market-based method, a company that purchases renewable electricity (or even 
renewable energy certificates separate from the underlying power generation) in an amount 
equivalent to their annual consumption within the same market can claim that their electricity 
consumption resulted in zero emissions in that market.6 By contrast, a company pursuing a 
24/7 procurement approach that may have a greater direct impact on reducing GHG 
emissions would not be able to demonstrate the greater environmental benefits of their 
procurement under current Scope 2 Guidance. 

The table below provides an example of this disconnect. Company A, which consumes 1,000 
MWh of electricity at a factory in Kentucky, purchases 1,000 MWh of renewable electricity 
certificates (RECs) generated by existing solar PV projects in California. By doing so, it 
calculates and reports that its market-based Scope 2 emissions are zero following the Scope 
2 Guidance. Now consider Company B, which also consumes 1,000 MWh of electricity in 
Kentucky, but decides to target a 90% hourly CFE supply by purchasing clean electricity from 
new generation projects deployed on the local grid, as well as shifting demand to times of 
the day when CFE on the grid is higher. This approach by Company B, despite requiring 
greater investment and having a demonstrably higher impact in terms of avoided carbon 
emissions, would not be recognized as higher-impact based on the market-based Scope 2 
accounting methodology.
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As corporate energy procurement practices evolve toward approaches targeting greater 
impact on electricity system decarbonization, the guidance for emissions accounting will need 
to be revisited to recognize and differentiate the emissions impact of different approaches. 

b. Data and Tools for Time-based Electricity Reporting	

Access to energy data is a crucial element for enabling time-based tracking and proper 
accounting of 24/7 carbon-free energy programs. Key data streams include electricity 
consumption, electricity production from procured clean energy assets, as well as the grid 
CFE. All of this data is needed on a regional and hourly basis to enable 24/7 matching. 
Currently there are several challenges associated with getting access to this data in an 
efficient manner. To access consumption and production data, we had to rely on developing 
our own IT infrastructure and data solutions. The lack of standard platforms and protocols for 
energy data is a barrier to efficiently tracking a diverse and global portfolio of electricity 
supply and demand. 

All consumers of electricity should have easy and scalable access to hourly data about the 
electricity they purchase or consume. Early progress has already been made in some 
geographies. In Europe, the ENTSO-E Transparency Platform provides a common set of data 
relating to electricity generation, transport and consumption. In the United States, the Energy 
Information Administration (EIA) has launched an Hourly Electric Grid Monitor that provides 
generation data at an hourly resolution by individual balancing authorities. Yet both systems 
rely on data provided by balancing authorities or transmission operators which can be prone 
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1,000 MWh of unbundled RECs 
from existing PV projects in 
California equivalent to 100%  
of annual consumption 

Negligible (projects have 
already been built, emissions 
on CA grid lower than KY) 

Zero

Achieve 90% CFE on an hourly 
basis over the course of a year 
on electricity grid where 
consumption occurs  

Significant (CFE purchases 
from new projects avoid 
carbon-intensive generation 
on grid where electricity is 
consumed)

Greater  
than zero 7

1,000 MWh  
(Kentucky)

1,000 MWh  
(Kentucky)

Company A

ELECTRICIT Y  
DEMAND  
(LOCATION)

PROCUREMENT  
APPROACH 

GRID-LEVEL  
EMISSIONS IMPACT

MARKET-BASED 
SCOPE 2 EMISSIONS

Company B

https://transparency.entsoe.eu/
https://www.eia.gov/beta/electricity/gridmonitor/dashboard/electric_overview/US48/US48
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to gaps and errors. Moreover, the process for receiving this data from generators is not 
harmonized, and ENTSO-E and EIA lack the resources and the authority to ensure rigorous 
data quality. More efforts are needed to make electricity data easily accessible and 
actionable to all customers around the world. 

Partly due to the lack of transparency of and access to electricity data, the current tools for 
tracking, certifying, and exchanging environmental attributes are not sufficient to accurately 
reflect the impact of carbon-free electricity sourcing. For instance, today’s energy attribute 
systems, such as RECs or Guarantees of Origin (GOs), are typically issued monthly, and do 
not provide information about when a MWh of electricity was produced, or the carbon that 
was avoided by the clean energy production. 

Certificate systems should evolve to track and certify all forms of electricity generation, not 
just renewable, as well as provide granularity at the hourly level. There are a number of efforts 
underway to make progress in this area.8 Developing new standards and platforms for hourly 
electricity tracking will help enable more accurate carbon accounting and incentivize 
technology deployment to accelerate electricity grid decarbonization.

c. Residual Mix vs. Full Grid Accounting

In our grid CFE calculations today, we include all carbon-free electricity on the grid, without 
removing the proportion contracted to other parties that have claims to that electricity 
through environmental attribute certificates. We recognize that this leads to double counting 
of the environmental attributes of CFE. However, as clean electricity procurement by 
voluntary purchasers continues to scale, we are aiming to remove privately claimed clean 
electricity and include only unclaimed CFE for purposes of calculating Google’s CFE Score  
(what is also known as the “residual mix"). Today, the data to do this is not available, but we 
hope to work with industry partners to create these capabilities. 

There are challenges measuring the residual mix due to the lack of centralized accounting 
that properly incorporates hourly energy certificate data flows and inter-grid electricity 
trading. While there have been some efforts to calculate residual mix, such as Green-e in the 
US, these calculations are lagging by several years; they also lack specific data on grid mix 
and are only presented on an annual basis. The AIB in Europe has recently refined their 
methodology to properly incorporate import and export flows for reporting the residual mix 
data for European countries, but similarly, they only present the data on an annual basis. 
Properly calculating hourly residual mix will be dependent on time-based tracking 
(highlighted in the previous section) and will require a centralized effort to aggregate the 
energy certificate flows for each grid. 
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https://www.green-e.org/2019-residual-mix
https://www.green-e.org/2019-residual-mix
https://www.aib-net.org/facts/european-residual-mix
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d. Average vs. Marginal Hourly Grid Emissions  

To measure the impact of our projects, we need to be able to evaluate which source of 
electricity production this new asset would replace. “Marginal emissions” is often viewed as 
the best metric to do this. Marginal emissions refer to the emissions associated with the 
marginal unit of electricity production that would be activated in response to a short-term 
increase in demand. With this metric, you can determine the emissions that would have been 
produced, but were instead displaced by clean electricity generation that was added to the 
electricity grid. 

However, as of today, this information is generally unavailable or unreliable: information about 
marginal generating units are not disclosed by grid operators, therefore predictive models 
need to be used instead to estimate such emissions. Furthermore, in general, plants activated 
“on the margin” are not necessarily selected just based on their cost of energy, but are also 
constrained by certain requirements (minimum runtime for certain plants or speed in ramping 
up and down to respond to the demand variation). These additional criteria make it even more 
difficult to predict which power plant is on the margin, and whether clean energy projects 
would displace it. 

An additional point of consideration is that marginal accounting, by definition, generally 
applies to short-term, small variations in load, and so is not directly applicable for estimating 
the impacts of larger loads, or projects that deliver electricity over the long-term. This is an 
issue since, as part of our 24/7 CFE program, we are looking at clean energy projects that  
will be operating for decades, and therefore to measure their impact we would need to 
understand their long-term impact on grid planning and dispatch patterns. 

In view of the above and in order to evaluate the impact on the dispatched grid-level 
generation mix, we are currently using hourly average grid emissions, reflecting the average 
carbon emissions from the consumption-based grid mix. While this metric does not identify 
the resource on the margin, the fuel mix during the hour still accurately reflects grid trends 
needed to inform decisions. For instance, it allows us to prioritize hours within a grid—such as 
California—where solar hours will have the lowest emissions and therefore projects during 
that hour will have a lower priority.

While we use average emissions today, novel formulations and methodologies for marginal 
emissions accounting will be instrumental in driving more effective decisions for day ahead 
and intraday, shorter-term carbon aware optimizations and dispatch decisions. We look 
forward to seeing these new developments made in this area and to better integrating this 
metric into our daily operations.
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As we strive to achieve 24/7 CFE, we will work to promote increased data transparency, new 
data and certification tools, and updated standards and protocols. These tools will not only 
be key to better measuring our progress toward our own goal, but they will also ensure that 
all energy consumers can maximize their impacts on electricity grid decarbonization. 

Notes 

1. See Sepulveda, N. A., Jenkins, J. D., de Sisternes, F. J., & Lester, R. K. (2018). The Role of Firm Low-Carbon 
Electricity Resources in Deep Decarbonization of Power Generation. Joule, 2(11), 2403-2420. https://doi.
org/10.1016/j.joule.2018.08.006.

2. A production-based mix is calculated based on the electricity generated within the Regional Grid, while a 
Consumption-based mix is calculated based on the electricity consumed within that Regional Grid and therefore 
takes into account electricity that might have been imported from other regions.

3. As defined by the North American Electric Reliability Council (NERC), a balancing authority is the responsible 
entity that integrates resource plans ahead of time, maintains load-interchange-generation balance within a 
balancing authority area, and supports interconnection frequency in real time. 

4. For clarity, we calculate TS1 based on the expected percentage point increase in the CFE Score (i.e. increasing 
the CFE Score from 40% to 46%, which would show up as 6% in the denominator of equation 7).

5. See Greenhouse Gas Protocol Scope 2 Guidance: https://ghgprotocol.org/scope_2_guidance.

6. Markets are defined as a geographical area which has a common system for trading and retiring contractual 
instruments. Under the Scope 2 Guidance, the United States constitutes one market, even though it comprises 
multiple different electricity grids. Similarly, the EU is treated as one single market.

7. Company B could only report zero market-based scope 2 emissions if it held RECs (whether bundled or 
unbundled) equivalent to its annual electricity consumption. 

8. See, for instance, the EnergyTag Initiative: https://www.energytag.org/.
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For every hour in the year, we use a third party  
to provide the average mix of what is being 
produced and consumed for each grid where  
we have a data center. Technically, this is the 
percentage of CFE on the given Regional Grid.

EXPL ANATION OF DATA DATA SOURCE

Grid CFE % This data is used to 
calculate Google CFE 
Score per grid and hour

HOW THE DATA IS USED

Tomorrow,  
electricityMap

Hourly electricity consumption of each of 
Google’s data centers.

Electricity 
Consumption or 
Load in MWh

This data is used to 
calculate Google CFE 
Score per grid and hour

This data is used to 
calculate Google CFE 
Score per grid and hour

Internal metering

Hourly electricity production from clean energy 
projects whose electricity and associated 
environmental attributes are contracted to 
Google via power purchase agreements,  
retail energy supply arrangements, or other 
contractual structures.

The average tCO2e per MWh being 
emitted by each grid in each hour.

Contracted CFE 
in MWh

Average Hourly Grid 
emissions Factor in 
tCO2e per MWh 

This data is used to calculate 
the emissions avoided by 
new CFE projects

Project telemetry via 
remote data access 
(custom)

Third-party data
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Appendix A: Data Sources for Calculating  
CFE Percentage and Emissions Impact  
The table below summarizes the key types of data we use for calculating  
CFE and the data sources that are used. 
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Appendix B: Glossary of Terms 

Additionality: The idea that, through our energy procurement activities, we enable the deployment of clean 
electricity generation that is new to the grid. In practice, additionality is a spectrum, and our approach is flexible to 
consider multiple options along this spectrum. 

Avoided Emissions: The total carbon emissions, measured in tCO2e, from grid electricity that are displaced by the 
addition of a new carbon-free generation project to the same grid.  

Carbon-Free Energy (CFE): Any type of electricity generation that does not directly emit carbon dioxide, including 
solar, wind, geothermal, hydropower, nuclear, sustainable biomass, and carbon capture and storage (CCS).9

Carbon-Free Energy Score (CFE Score): In each hour, the percentage of Google’s Load that is matched with 
carbon-free energy within a Regional Grid. The Annual CFE Score is the load-weighted average of all CFE Scores 
across all of the hours in a year, or stated another way, the sum of all Contracted CFE and Consumed Grid CFE 
divided by the sum of all load over the course of a year. 

Consumed Grid CFE: The carbon-free electricity from the Regional Grid measured in MWh that is attributed to 
Google’s consumption and is included in Google’s CFE Score. Mathematically, this is the Grid CFE % multiplied by 
Google’s Load net of any Contracted CFE.

Contracted CFE: The carbon-free electricity measured in MWh that is purchased by Google through power 
purchase agreements or other procurement mechanisms and is included in Google’s CFE Score.   

Excess CFE: In any given hour, if Google’s Contracted CFE exceeds the amount of electricity Google is consuming 
across a Regional Grid, this incremental volume measured in MWh is considered “Excess CFE.”

Google Electricity Emissions: The carbon emissions associated with Google’s electricity consumption, measured 
in tCO2e, which is calculated as the difference between Google’s Load and Contracted CFE, multiplied by the 
carbon intensity of the Regional Grid.

Grid CFE %: In each hour for every Regional Grid, the percentage of carbon-free energy sources that are being 
consumed on the grid over the total MWh being consumed in that hour. 

Regional Grid: The Regional Grid is the geographic basis for Google’s CFE goals. In the US, a Regional Grid is 
typically an ISO if there is one, and if there is not, then a Balancing Authority is used. In Europe and Asia, the 
definition is currently at a country level. 

9 Sustainable biomass and CCS are special cases considered on a case-by-case basis, but are often considered carbon-free energy sources.
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Appendix C: 24/7 Calculations Worksheet

To assist others in calculating and visualizing 24/7 CFE, we’ve developed a 24/7 Calculations and Carbon Heat 
Mapper tool that shows mechanically how we combine grid data, contracted clean energy data, and load data  
to calculate hourly and annual CFE scores, as well as create Carbon Heat Maps. To be sent a copy of this 
spreadsheet tool, please fill out this Google form.   

https://docs.google.com/forms/d/1uj4vkAJ7wNQTbDoYg-cgvHtIkUHICbKeRpfYtSmdrc8/formrestricted?edit_requested=true

