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A. Overview

Modern data centers consume large amounts of electricity. The International Energy
Agency (IEA) estimates that electricity consumption by data centers produced 180
million tons of carbon dioxide (MtCO,) emissions in 2024 (roughly 0.5% of global CO,
emissions). In the IEA Base Case Scenario, these CO, emissions roughly double by
2030. (See Chapter 1 of this Roadmap.)

Most electricity for data centers is purchased from the electric grid (“in front of the
meter” or “FTM”). The resulting greenhouse gas emissions are included under Scope
2 of the Greenhouse Gas Protocol Corporate Standard.! This chapter discusses the
greenhouse gas emissions implications of data centers’ reliance on the grid, current
debates on revising Scope 2 methodology, approaches to mitigating Scope 2
emissions for data centers, and related issues that arise with respect to greenhouse
gas emissions from on-site generation (“behind the meter” or “BTM”). The chapter
concludes with Recommendations.
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B. Scope 2 Location-Based Emissions for Data
Centers

The Greenhouse Gas Protocol provides two separate methods for calculating
emissions from the use of grid-supplied electricity. These methods are known as
“location-based” and “market-based,” and they can produce significantly different
results.? Thus, the best practice for corporate emissions disclosure is to report both.

The location-based method considers electricity emissions from an engineering
perspective. Because of the nature of electric power flow, the grid’s electricity comes
from many different power plants (the “grid mix”). Because the power plants on a grid
typically use different types of technologies (e.g., gas, coal, wind, solar, etc.), they have
very different CO, emissions per unit of electricity generated. Determining location-
based emissions of grid-supplied electric power therefore requires averaging the
emissions of all power plants on the relevant grid.

Typically, the “relevant” grid is considered to be the balancing area (or control area)
over which a single grid operator is responsible for ensuring that electricity generation
and supply are continually matched. This can be at the national, sub-national or super-
national level. Grids with large amounts of low-carbon power generation, such as
renewables or nuclear, have very low average greenhouse gas emissions per unit of
energy generated (“carbon intensity”). For example, hydro-rich Sweden averages 8 g

Chapter 3.2 | Power Supply GHG Emissions (Scope 2) 3



ICEF Sustainable Data Centers Roadmap

of CO, equivalent (gCO,e)/kWh and nuclear-rich France averages 48 gCO,e/kWh.3 In
contrast, grids with large amounts of coal have very high values (e.g., 623 gCO,/kWh
for Indonesia®). The global average grid carbon intensity in 2024 was 473 gCO,/kWh?;
IEA expects this figure to fall by approximately 4% per year through 2026° as grids add
more low-emitting power generation and as high-emitting power plants are retired.

Because of the large range in grid carbon intensities in different regions, Scope 2
location-based emissions for data centers are heavily influenced by their location.
Identical data centers located in different regions could have Scope 2 location-based
emissions that differ by almost 100x. For example, a hypothetical 100 MW data center
with a PUE of 1.2 that operates at 80% capacity would have Scope 2 location-based
emissions of 6727 tCO,e/year in Sweden and 523,918 tCO,e/year in Indonesia®.

As noted above, IEA estimates that data centers accounted for 180 Mt of CO,
emissions in 2024.7 Under the IEA Base Case Scenario, data center energy
consumption will grow to 945 TWh/year by 2030. If this power were supplied by
electricity with the 2024 global average emissions intensity, it would result in 447
MtCO, of Scope 2 location-based emissions. However, if average grid carbon intensity
falls as projected by IEA, the 2030 global average grid carbon intensity will be 370
gCO,/kWh, and emissions from data centers in the IEA Base Case would be 350
MtCO.,. Data center growth will likely be concentrated in particular countries and
regions, so a more detailed analysis of electricity emissions for these specific grids
(rather than the global average) would be needed to improve these estimates.

While calculation of Scope 2 location-based emissions currently uses annual average
grid emissions intensity, the hour-to-hour emissions intensity of some grids can vary by
large amounts. This is particularly true for grids with high solar and wind penetration.
They can experience some hours with essentially zero emissions (during sunny and/or
windy conditions when power is mostly supplied by solar and wind) followed by other
hours with high emissions (when power is mostly supplied by gas or coal). Emissions
intensity on some grids can also change substantially from season to season, for
similar reasons. While this variability can pose challenges for maintaining grid reliability
(e.g., the solar “duck curve” in the US,® Australia,® India™ and elsewhere), it also means
that shifting electricity consumption to low-emissions hours can significantly reduce
actual emissions from electricity use." This has led to proposals for reforming the
Scope 2 location-based methodology (see below). It has also helped motivate some
data centers to use load flexibility (see Chapter 4 of this Roadmap).

a This is calculated as follows. By convention, the 100 MW data center with PUE of 1.2 would draw 120 MW of power from
the electric grid. Operating at 80% capacity, it would consume 840,960 MWh of grid power during a single year. Multiplying
by the average carbon intensity of the grids in Sweden and Indonesia gives 6,727 tCOze and 523,918 tCO:ze, respectively.
However, the amounts are usually negligible.

October 2025



ICEF Sustainable Data Centers Roadmap

C. Scope 2 Market-Based Emissions for Data
Centers

The Scope 2 “market-based” method considers electricity emissions from a market
perspective. This method begins with the location-based emissions amount and

then replaces grid-supplied energy with any renewable energy that was procured
through market-based instruments, such as power purchase agreements (PPAs), on
an energy basis (i.e., on a MWh-for-MWh basis, see Box 3.2-1). Under this method, the
greenhouse gas emissions from procured renewable energy are effectively zero,”
meaning that Scope 2 market-based emissions can be significantly reduced or even
brought all the way to zero by procuring a sufficient amount of renewable energy.
Many data center operators procure large amounts of renewable energy through PPAs
for this purpose. The four large hyperscalers (Amazon, Google, Meta and Microsoft)
are the largest corporate buyers of renewable energy globally, having collectively
procured more than 84 GW via PPAs as of early 2025 Thus, they report far lower
Scope 2 market-based emissions than location-based emissions. (Not all hyperscalers
report both location-based and market-based emissions, making this comparison
difficult in some cases.)

The Greenhouse Gas Protocol Scope 2 guidance is under revision in 2025, with a

final version expected in 2027. While the general concepts of separate location- and
market-based emissions reporting will likely remain, the methods used to determine

b In some cases, procured renewable energy may be deemed to have a small amount of greenhouse gas emissions for the
purposes of the Scope 2 market-based method. However, this is not typical, and the amounts are usually negligible.
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the actual amount of emissions offsets will change. Several alternative approaches
have been proposed, with the intention of more closely matching the physical nature
of renewable power supply (such as time-variation in the grid mix) and/or more closely
addressing overall impacts of power generation®™ on CO, emissions. The revisions

will likely focus on more regional- and time-based matching requirements, limiting the
ability to “replace” grid-supplied electricity with procured renewable energy on grids
that are not where a company consumes power (e.g., through virtual PPAs (VPPAS),
see Box 3.2-1) or with procured renewable energy that does not match the time profile
of a company’s power consumption™

Box 3.2
Market-based instruments for renewable power
procurement

Corporate procurement of renewable electricity using market-based
instruments is widespread, but the different types of instruments can
lead to confusion. Power purchase agreements (PPAs) are the primary
type of contract used in corporate procurement of renewable energy.
PPAs can be either “physical” or “virtual” (also known as VPPAs).> Under
physical PPAs, the buyer is located on the same grid as the supplier

and takes ownership of the actual generated energy, “bundled” with

its renewable attributes in the form of energy attribute certificates
(EACs, see below). In a small number of cases, the buyer and seller

are physically co-located, and the generated energy can be directly
delivered behind the meter; this is known as a “direct PPA.” However,

in most cases the buyer is not physically co-located with the seller’s
power plant (despite being on the same grid). In these cases, the PPA

is “sleeved,” with the generated energy supplied to the relevant utility,
which then provides the equivalent amount of energy to the PPA buyer’s
facilities. This may be supplied at different times of day from when the
energy is physically generated, meaning that the utility must provide
balancing services (for a “sleeving fee”) "

Because direct and physical PPAs require a buyer to find a renewable
generator on the same grid, the possible supply is limited. To address
this, many companies use VPPAs, which are purely financial transactions.
Under a VPPA, the buyer guarantees a long-term fixed price for
renewable energy generated by a power plant, and the seller sells the
energy into its local grid (essentially a contract-for-differences). In return,
the buyer takes title to the EACs. VPPAs allow buyers to secure EACs

October 2025



ICEF Sustainable Data Centers Roadmap

from renewable energy generation on grids that are far away from their
physical location, greatly increasing the available supply of PPAs® Direct
and physical PPAs are usually regulated under different legal frameworks
than VPPAs"® While VPPAs have dominated corporate renewable energy
purchasing in the United States,?° physical PPAs are more prevalent in
Europe.”

Electricity EACs that are “bundled” with PPAs and VPPAs are
denominated in MWh of generation. Specific examples of electricity
EACs include renewable energy certificates (RECs)?? in North America,
Guarantees of Origin (GOs)? in Europe and Green Electricity Certificates
(GECs) in Japan?* and China.?® Guidelines for EAC quality published by
RE100 are used by many corporate procurers of renewable energy.?®
Many electricity EACs can also be procured “unbundled,” which is
essentially a direct purchase of the certificates themselves (from a
renewable power generator or an intermediary broker) without any
consideration of the underlying electricity. Typically, this is the lowest-
cost way to obtain EACs, but it has the least direct and demonstrable
linkage to accelerating deployment of renewable energy generation.

PPA buyers “retire” EACs to reduce their Scope 2 market-based
emissions. This is done on a MWh-for-MWh basis, meaning that, in
calculating emissions, each MWh of retired EACs replaces a MWh of
electricity purchased from a grid, with the EAC typically carrying a zero
(or sometimes near-zero) greenhouse gas emissions value. By procuring
and retiring enough MWh of EACs to match or exceed the actual total
procured MWh of electricity, companies can reduce their Scope 2
market-based emissions to zero.

While the use of PPAs has provided large amounts of capital to the
renewable energy industry and has supported its rapid growth in many
markets, it has also attracted criticism for enabling corporate emitters to
“deem” emissions to be lower under the Scope 2 market-based method
(by retiring the bundled EACs).?%2?” The use of unbundled EACs has
attracted even more criticism.?®
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D. Mitigation Strategies for Scope 2 Location-
Based Emissions

A variety of strategies can be used to reduce Scope 2 location-based emissions for
data centers. In general, the strategies that will have the largest impact depend on the
nature of the electric grid where the data center is located.

. Energy efficiency. Ensuring maximum energy efficiency at both
existing and new data centers by adopting the use of advanced cooling
methods, increasing algorithmic efficiency, and implementing related
techniques is highly impactful for reducing emissions on high-emissions
grids. It also has numerous additional benefits even on relatively low-
emissions grids (see Chapter 2 of this Roadmap). Energy efficiency
reduces the total amount of high-emissions power generation required
to serve a data center and minimizes additional impacts like land and
water use for power production.

Il. Siting. Physically siting new data centers in regions with low-emissions
grids can have a large impact on ensuring Scope 2 emissions are low,
given the large difference in average grid emissions intensity. However,
this strategy does not apply to existing data centers that are located in
high-emissions grid regions, and many planned data centers have other
siting constraints that outweigh emissions considerations. Large new
data centers may also require more additional power than low-emissions
grids can supply.

lll. Load flexibility. Implementing data center load flexibility by using on-site
clean generation and storage and actively managing the timing of power
consumption from the grid is highly impactful for reducing emissions
on grids with large daily variation in their emissions intensity, such as
those experiencing the “duck curve.” Load flexibility can help ensure
that data centers reduce their electricity demand during periods of peak
grid demand, reducing the need to run the highest-emitting generators
(typically gas-fired peaker plants). It can also be used to charge on-
site storage during periods of high renewable generation, potentially
avoiding the need to curtail solar and wind.?*3° However, for grids that
do not experience significant emissions variation throughout the day,
load flexibility does not have a significant short-term impact on reducing
emissions. In the longer term, load flexibility can reduce the amount of
new generation capacity that a utility will build since utilities typically
build new capacity to meet the projected future peak load. Particularly in
cases when new gas-fired power plants are being planned for capacity
addition, reducing the forecasted peak load can limit the construction of
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these plants and minimize potential “lock-in” of future emissions. (See
Chapter 4 of this Roadmap.)

In addition to these strategies for individual data centers, utilities and grid
operators can add low-carbon power generation to existing grids to serve
new data center load. Adding power generation to existing grids (“expanding
capacity”) is primarily under the control of utilities and grid operators, who
respond to forecasted power demand from a wide range of power users.
However, in a growing number of high-profile cases, the projected additional
power demand from a data center is so large that the data center operator
(typically a hyperscaler) has become directly involved with the utility planning
process and tariff design.?'*?

Data center operators can also seek to secure dedicated (BTM) on-site/co-
located power to supplement or entirely replace grid-supplied power, often
for the purpose of moving more quickly than utility planning processes allow.
This can be challenging for several reasons, including limited physical space
available for on-site generation, backlogged supply chains for key equipment,
and operational reliability challenges (see below).

Several factors influence which types of generation technology are optimal for
a given grid region and data center, including the following. These factors guide
which types of generation technologies utilities plan to add to serve new load
from data centers and other end users and also influence potential selection of
on-site/BTM generation options.

i. Dispatchability. Generators that can be fully controlled, or
“dispatched,” are relatively simple to integrate into an existing
grid. Grid operators can directly ramp this generation up and
down to match changes in power demand and to balance variable
power supply from other generators. They can also incorporate
this predictable generation into near-term power markets (e.g.,
day-ahead) to ensure adequate supply in advance. Dispatchable
generation technologies include gas, coal, hydroelectric, geothermal
and nuclear.

Notably, while all of these generators can be dispatched, some
can only adjust their generation output (“ramp”) relatively slowly
(particularly nuclear and coal), while others can ramp more quickly,
such as hydroelectric and gas. Open-cycle gas turbines (OCGTs)
are typically the fastest-ramping generators and are dispatched by
grid operators to respond to rapid changes in load or generation.
A related but separate issue is the “cold start” time for different
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generators, which is the time it takes to turn back on from a full
shutdown. This can be many hours or longer in the case of coal and
nuclear.®

Solar and wind (“intermittent” renewables) are non-dispatchable
generation technologies because grid operators cannot always turn
them on at a specified time. However, their generation is predictable,
meaning that grid operators can use weather models to reliably
forecast how much power these technologies will generate over

the next several hours to days.?* Increasingly, Al-based weather
forecasting is improving these predictions and extending them farther
into the future.® Using these forecasting methods, in combination
with load forecasting methods, allows grid operators to predict how
much additional generation will be needed in future hours and to
plan accordingly. A growing number of grids are installing large-
scale energy storage (typically batteries) to shift when the energy
generated by intermittent renewables is delivered to load. This
improves reliability and allows the grid to better match time profiles
of energy usage.*® Batteries can also be integrated with solar and
wind generation facilities, “firming” the combined facility and making
it dispatchable, within some constraints.?”*® Unfortunately, some grid
operators are facing challenges in approving variable renewables
for interconnection because of the need to implement accelerated
processes to study the impact of intermittent generation.394°

Technology readiness. While some generation technologies are fully
mature and well-proven commercially, others are in the early stages
of development and lack established performance records at scale. In
general, only mature technologies can be integrated into commercial
power grids at scale, while emerging ones require phased scale-

up and testing (with some exceptions).* Notably, data center
hyperscalers have been willing to employ early PPAs to support
development of some emerging power generation technologies

for connection to the grid to the grid.*>*3 In addition to providing
small amounts of additional low-emissions power, this practice can
have important benefits for accelerating these technologies into the
market. (See Chapter 4 of this Roadmap.)

Location flexibility. All power generation technologies have
constraints on where they can be built and operated. Some of these
constraints are driven by regulatory or commercial factors, while
others depend on technology and infrastructure. Solar and wind
rely on natural resources that are unevenly distributed globally,
hydroelectric relies on water resources and appropriate terrain, and
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geothermal depends on appropriate subsurface characteristics.
Natural gas relies on gas pipeline infrastructure (including availability
of additional transmission capacity), and adding carbon capture

and storage (CCS) to natural gas requires appropriate geological
storage and/or CO, transport. Coal relies on coal availability and
transport infrastructure, and nuclear relies on fuel supply chains

and waste disposal. The physical footprint of each technology also
influences location flexibility, particularly in the context of on-site/
co-location strategies for which space may be limited. In general,
gas, coal and nuclear have small footprints that are more compatible
with constrained existing data center locations, while solar and wind
require large land areas that may not be available at these sites.

Costs. Cost is central to decisions about which type of power to
procure for data centers. Many data center developers prioritize
least-cost power options, but this is by no means universal. Some
hyperscalers have shown a significant willingness to pay for low-
carbon power, even if cheaper high—carbon emitting options are
available (including willingness to support emerging and developing
technologies as noted above). Cost is influenced by many factors,
including the scale and maturity of relevant supply chains, labor
expertise and availability, commodity prices and financing.**

Chapter 3.2 | Power Supply GHG Emissions (Scope 2) 1"
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V. Low-carbon on-site power generation strategies. On-site, BTM

October 2025

power generation can in theory provide some or all of the electricity
requirements for data centers during normal (non-emergency)
operations. This approach has been rare, due to a combination of high-
power requirements, high costs and limited onsite space, but some
data center developers are now seriously exploring this option at
some sites.*>¢ On-site generation can reduce or potentially eliminate
the need for grid-supplied power, although completely “off grid” data
centers must fully manage power supply reliability without help from the
primary electric grid, a major technical challenge. A key consideration
for selecting on-site power generation technologies is the need for a
generator (usually in combination with some form of energy storage)

to provide continuous power over long durations (i.e., a high-capacity
factor) to match high data center uptime rates.

In some locations, variable renewable energy (solar and wind) backed
by storage systems (e.g., lithium-ion batteries) can provide this power,
resulting in very low life-cycle greenhouse gas emissions.*” Dispatchable
renewable generation, particularly geothermal and hydroelectric (both
of which require no or minimal additional energy storage) can also
provide decarbonized power if sufficient resources are available at

or near the data center site.*® Enhanced geothermal systems (EGS)
may be particularly suited for decarbonized data center power due to
their greatly expanded geographic reach and their dispatchability,*®
recent examples include Google’s agreement with Fervo®® and Meta’s
agreements with Sage Geosystems® and XGS Energy.®?

Gas-fired generation with CCS can provide low-carbon power at data
center sites, with a relatively small physical footprint and high-capacity
factor. The location constraints of this technology are driven primarily by
access to CO, transport and storage rather than hydrological resources,
subsurface heat or weather patterns.>® Prominent examples of gas-fired
generation with CCS include the announced®* Crusoe/Tallgrass data
center and the announced Frontier/Baker Hughes Sweetwater project,>®
both in Wyoming, United States.

Solid oxide fuel cells (SOFCs) are emerging as a source of on-site power
generation.*® These systems will mostly run on natural gas initially but
are intended to switch to low-emissions hydrogen at a future date.
SOFCs can be highly energy efficient in converting natural gas to
electricity. They are particularly energy efficient when they are paired
with district heat or other uses for their high-temperature waste heat,
further reducing the intensity of greenhouse gas emissions compared
to gas-fired generation.” However, the commercially deployed scale
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of SOFCs remains far lower than power generation systems based on
gas-fired turbines, suggesting that scaling to multi-hundred-megawatt
deployments may be a challenge.>® SOFCs can be integrated with CCS
to reduce emissions, although this approach has not been deployed
commercially at scale.

Conventional nuclear power—both full-scale reactors and small modular
reactors (SMRs)—is a potential source of decarbonized power for

data centers with a compact footprint.® It has no inherent locational
constraints, but it has substantial cooling requirements and relies on a
nuclear fuel cycle supply chain that is highly limited in many relevant
jurisdictions.®® Recent high-profile examples, all of which are in the
United States, include the planned restart of the 835-MW Unit 1 at

the Three Mile Island nuclear power plant (scheduled for 2027)¢"; the
planned construction of several SMRs, ranging from 50 MW to 320 MW
in several locations (scheduled for 203082 and later®®); and the planned
construction of up to four GW-scale new AP1000 nuclear reactors
(scheduled for 2032°%%).

There has also been significant interest in emerging nuclear fusion
power technology for data centers, although this technology remains
relatively early-stage and lacks an established supply chain for fuel and
components.®® A recent high-profile example is the planned construction
of a 400-MW fusion power plant in the United States (scheduled for the
early 2030s).5¢

Regardless of generation technology, BTM power requires careful
integration with on-site backup power systems and energy storage,
as well as potential coordination with grid supplied power, if the site
maintains a grid tie. This places substantial reliability and coordination
requirements on the BTM power generation.

Chapter 3.2 | Power Supply GHG Emissions (Scope 2) 13
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E. Mitigation Strategies for Scope 2 Market-
Based Emissions

All strategies for reducing Scope 2 location-based emissions are also relevant for
reducing market-based emissions because the calculation of market-based emissions
begins with the location-based total. Data center operators can further reduce market-
based emissions by purchasing and retiring electricity EACs (see Box 3.2-1). The
highest impact for this approach is by procuring renewable energy through PPAs
bundled with EACs. As noted, the major hyperscalers have used this approach for well
over a decade,®” providing a revenue stream that supports many renewable energy
projects around the world. The largest market remains North America,? but renewable
PPAs are growing in Europe®® and Asia.®® This strategy will continue to be highly
relevant, with hyperscalers expanding their renewable energy procurement in 2025.7°

However, the growing use of electricity EACs to reduce market-based emissions has
been controversial, with criticisms falling into two major categories. The first is based
on the observation that the renewable energy represented by an EAC may not match
the time profile of the electricity consumed by the buyer, potentially exacerbating grid
balancing challenges. Similarly, if EACs come from renewable generation that is not
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on the same grid as the buyer (or is from a portion of the grid that is transmission-
constrained), it may be unreasonable to claim this electricity is “consumed” by the
buyer’s facilities. These concerns have led to proposals such as the “three pillars” of
time-matching, additionality”’ and location/regional constraints and “24/7 Carbon Free
Energy.”’? In general, these principles would decrease the ability of buyers to use
VPPAs and time-agnostic EACs in reducing Scope 2 market-based emissions.

The second broad category of criticism for using electricity EACs to reduce market-
based emissions is based on the observation that renewable energy generation has
dramatically different impacts on the marginal greenhouse gas emissions of grids in
different locations. For grids with fossil fuel (such as open-cycle gas turbines) on the
margin, additional renewable generation avoids a large amount of greenhouse gas
emissions. However, for grids with renewables, such as hydroelectric, curtailed solar
or wind, or even battery storage on the margin, additional renewable generation
does not avoid any greenhouse gas emissions. This has led to proposals focused on
marginal emissions, which would decrease the ability of buyers to use EACs from low-
marginal-emissions grids to reduce Scope 2 market-based emissions.”3’

As the Greenhouse Gas Protocol Scope 2 guidance undergoes revision during 2025,
the final direction of the Scope 2 market-based emissions method remains unclear.
However, the revision will likely have a significant impact on the strategies used by
data center operators for renewable energy procurement to reduce market-based
emissions.

Chapter 3.2 | Power Supply GHG Emissions (Scope 2) 15
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F. Recommendations

October 2025

Data center operators should maximize energy efficiency, including
using advanced cooling and other highly efficient equipment and
implementing algorithmic efficiency whenever possible.

Data center operators should consider implementing load flexibility
and on-site storage, particularly for grids with highly variable emissions
intensity.

Data center operators should include grid carbon intensity as a key
siting consideration and seek to site data centers in the lowest-emitting
grid regions as much as possible.

Data center operators and utilities should work together to identify
the optimal mix of new low-carbon power generation technologies
to add to the grid to meet rising data center load. This should include
consideration of data center load flexibility when determining the
amount of new generation required.

Data center operators considering on-site/BTM power generation
solutions should seek to minimize emissions when selecting
generation technologies.

Data center operators should continue to support emerging/developing
low-carbon power generation technology.

In addition to the above strategies, data center operators should
continue to procure renewable energy through PPAs. They should also
anticipate potential changes to the Greenhouse Gas Protocol Scope 2
guidance and plan accordingly when determining the necessary amount
and type of procurement.

Grid operators should work closely with data centers to understand the
appropriate amount of new capacity to add to meet rising load and
should seek to maximize low-carbon generation technologies for new
capacity additions as much as possible.

Grid operators should continue to reform and accelerate the
interconnection process for intermittent renewable generation in
order to provide new low-carbon capacity to meet data center and other
demand.
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