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There is increasing focus on the role of the private sector in 
meeting global climate goals1–3. To this end, science-based 
targets (SBTs) intend to align voluntary company-level emis-

sion reduction targets with the global temperature goal of the Paris 
Agreement4–6. So far SBTs have been set by more than 1,000 com-
panies, including many multinationals7,8. When reporting scope 
2 emissions, that is, emissions associated with the generation of 
purchased energy (primarily electricity, but also including steam, 
heat and cooling), the Science Based Targets initiative (SBTi) allows 
companies to use renewable energy certificates (RECs) to claim 
the use of renewably generated electricity. Companies can then 
report zero emissions for each unit of electricity consumption cov-
ered by purchased RECs9, regardless of the actual emissions pro-
duced by the electricity grid at their location; however, RECs do 
not reflect the physical electricity flow supplied to the companies 
purchasing them10, and there is evidence that RECs are unlikely to 
lead to additional renewable energy generation11–18. Consequently, 
company-level emission reductions reported through RECs are 
unlikely to reflect real reductions of global emissions, which has 
the potential to compromise the alignment of SBTs with the Paris 
temperature goal19,20. In recognition of this issue, several emis-
sion accounting standards21,22 restrict or do not endorse the use of 
RECs, but RECs are nevertheless permitted by the Greenhouse Gas 
Protocol9 that forms the basis of SBTi’s requirements.

Here we combine information about SBTi-certified company 
emission reduction targets with data on REC purchases to assess 
the effect of RECs on the alignment of companies’ reported scope 
2 emission trajectories with the Paris temperature goal. We use the 
climate change disclosures of 115 companies, which represents the 
subset of companies with SBTs that have also disclosed data which 
can be used to assess the contribution of RECs to their reported 
(2015–2019) and potential future emission reductions. Importantly, 
it was necessary that all companies in our sample reported their past 
emissions using both market- and location-based emission account-
ing methods (Box 1). We also distinguish here between RECs and 
power purchase agreements (PPAs), which represent a long-term 

commitment by a company to purchase power from a particu-
lar renewable energy project. Although empirical evidence is still 
needed, we have adopted here the common assumption that PPAs 
do lead to additional renewable energy production and real emis-
sion reductions, as the long-term power price de-risks new proj-
ects and allows access to project finance14,15,17,18 (Box 1). By contrast, 
we assume that RECs and similar market-based instruments are 
non-additional, that is, not leading to additional renewable genera-
tion capacity or real emissions reductions, and we use the term RECs 
to refer to all non-PPA instruments for that reason (see Methods 
for details on these market-based instruments and terminology). 
Although existing literature suggest that RECs are non-additional 
due to their low and uncertain prices11–18, some claim that RECs may 
still contribute to the generation of more renewable energy in the 
longer term by, in aggregation, signaling to the market that there 
is a demand for renewable energy9,23. Analyses so far do not find 
evidence to support the existence of such an indirect market effect, 
and we consequently do not consider this potential effect here. We 
acknowledge, however, the possibility that such longer-term indi-
rect effects may become evident in future analyses.

Effect of RECs on reported historical emission reductions
The sample of companies reported a combined 30.7% reduction 
in market-based scope 2 emissions between 2015 and 2019 (from 
68.9 to 47.8 Mt CO2e per year, see solid black line in Fig. 1e). This 
corresponds to a substantially higher reduction than the annual 
4.2% of base year emissions required by SBTi’s linear 1.5 °C global 
mitigation pathway (purple line). However, most of this reported 
emission reduction is caused by the companies’ use of RECs (Fig. 
1d), which increased from covering 8% of their purchased energy 
in 2015 to 27% in 2019. Based on the existing empirical evidence, 
we assume that this part of the reported reduction does not reflect 
actual reductions of emissions from the energy grid. Without the 
RECs contribution, market-based emissions would have reduced 
by only 9.9% between 2015 and 2019, with the resulting emission 
trajectory closely aligning with the required annual 2.5% base year  

Renewable energy certificates threaten the 
integrity of corporate science-based targets
Anders Bjørn   1,2,3 ✉, Shannon M. Lloyd   1,3, Matthew Brander   4 and H. Damon Matthews   2,3

Current greenhouse gas accounting standards allow companies to use renewable energy certificates (RECs) to report reduc-
tions in emissions from purchased electricity (scope 2) as progress towards meeting their science-based targets. However, pre-
vious analyses suggest that corporate REC purchases are unlikely to lead to additional renewable energy production. Here we 
show that the widespread use of RECs by companies with science-based targets has led to an inflated estimate of the effective-
ness of mitigation efforts. When removing the emission reductions claimed through RECs, companies’ combined 2015–2019 
scope 2 emission trajectories are no longer aligned with the 1.5 °C goal, and only barely with the well below 2 °C goal of the Paris 
Agreement. If this trend continues, 42% of committed scope 2 emission reductions will not result in real-world mitigation. Our 
findings suggest a need to revise accounting guidelines to require companies to report only real emission reductions as prog-
ress towards meeting their science-based targets.

NAtuRE CLiMAtE CHANgE | VOL 12 | JUnE 2022 | 539–546 | www.nature.com/natureclimatechange 539

mailto:anders.bjoern@concordia.ca
http://orcid.org/0000-0001-9332-5346
http://orcid.org/0000-0003-1058-6765
http://orcid.org/0000-0003-4724-3985
http://orcid.org/0000-0003-3625-390X
http://crossmark.crossref.org/dialog/?doi=10.1038/s41558-022-01379-5&domain=pdf
http://www.nature.com/natureclimatechange


Articles Nature Climate ChaNge

Box 1 | Corporate scope 2 emissions accounting and the role of RECs and PPAs

Under the Greenhouse Gas Protocol9, companies are required 
to report their scope 2 emissions using both market- and 
location-based accounting. Market-based accounting allows 
companies to use market-based instruments, including RECs 
and PPAs, which give companies the right to claim the use of re-
newable electricity and report the emissions from its production 
(usually zero), rather than the emissions of the actual electricity 
mix they consume9. At a given site and year, a company calcu-
lates market-based (MB) scope 2 (S2) emissions (E) by, first, mul-
tiplying the part of their electricity consumption covered by the 
market-based instrument (CMBI) by the emission factor of the in-
strument (EFMBI) and, second, multiplying any uncovered electric-
ity consumption (C – CMBI) by a residual grid mix emission factor 
(EFres), which represents the local grid without the electricity gen-
eration that has been claimed by RECs or PPAs: 

EMB,S2 = CMBI × EFMBI + (C− CMBI)× EFres
Under location-based (LB) accounting, all companies on a grid 

multiply their electricity consumption (C) by the average emission 
factor (EFmix) for the grid mix, regardless of whether they have 
purchased RECs or entered into PPAs:

ELB,S2 = C× EFmix

For companies with multiple sites and that consume other 
energy products from a grid (heat, steam or cooling) in addition 
to electricity, emissions (whether market- or location-based) are 
calculated for each energy product and site, followed by aggregation.

We use a simple example to illustrate the calculation of market- and 
location-based emissions for a company with one site that purchases 
electricity from the local grid, which also provides electricity to other 
consumers. The company uses no market-based instruments in Year 
1, enters into a multiyear PPA in Year 2, and purchases RECs from an 
existing renewable energy generator in Year 3.

In Year 1, the company has the same market- and location-based 
emissions as it does not purchase any RECs or enter into any PPAs, 

and because the grid average and residual emission factors are the 
same (as no grid customers purchase RECs from or enter into 
PPAs with the local windfarm).

In Year 2, a new windfarm becomes operational due to a 
multiyear PPA that the company has entered into with the project 
developer. The PPA achieves additionality as the project would 
not have happened in the absence of the PPA, which allowed the 
project developer to secure the necessary loans. Moreover, as total 
electricity demand does not change, the coal power plant reduces 
its production. The PPA gives the company the right to apply an 
emission factor of zero to 100 MWh of its electricity consumption, 
and the residual grid factor (which decreases slightly due to 
the reduced generation from coal) is applied to its remaining 
electricity consumption. The PPA allows the company to report 
a substantial market-based emission reduction. The company’s 
location-based emissions are also reduced due to the lower grid 
average emission factor from the reduced generation from coal. 
However, the reported emission reduction is less than with 
the market-based approach, as the emission benefit of the new 
windfarm is shared equally by all consumers on the grid under 
location-based accounting.

In Year 3, the company, whose PPA is still active, purchases RECs 
from the pre-existing windfarm. The RECs are non-additional 
as they do not lead to the generation of additional renewable 
energy, as the windfarm was operational in years 1 and 2 and 
would have continued to operate in Year 3 in the absence of the 
company’s RECs purchase. The RECs (covering 50 MWh) allow 
the company to report a reduction in market-based emissions 
compared with Year 2, even though total grid emissions did not 
change (889 tCO2e). The reported reduction is therefore not real 
and the RECs effectively increase the market-based emissions of 
other energy consumers on the grid through an increase in the 
residual emission factor. By contrast, the company’s location-based 
emissions are the same as in Year 2 as the grid average emission 
factor did not change.
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emission reduction of SBTi’s linear well below 2 °C pathway (com-
pare the dashed black and turquoise lines in Fig. 1e). This real 
emission reduction is driven by decarbonization of the residual 
electricity grid (representing the grid mix without the energy 
production that has been claimed by RECs or PPAs; see Box 1)  
(Fig. 1b) and to a lesser extent by a net-increase in company use 
of PPAs (Fig. 1c). By contrast, the increase in energy consumption 
had a net-positive contribution to the change in emissions (Fig. 1a). 
Hence, the appearance that the combined historical scope 2 emis-
sion trajectory of companies with SBTs easily aligned with the 1.5 °C 
goal is strongly misleading and a consequence of heavy reliance on 
RECs, which are not associated with real emission reductions.

Reported location-based emissions (black line in Fig. 1h) 
reduced from 77.1 to 69.2 MtCO2e per year (10.3%) over the 
period, far less than the reported market-based emissions. This is 
as RECs and PPAs are not considered in location-based accounting 
(Box 1), which is also why location-based emissions were higher 
than market-based emissions in 2015. Instead, decarbonization of 
the electricity grid was the main contributor to the reported emis-
sion reduction (Fig. 1g), with the increase in energy consumption  
again having a net-positive contribution to the change in emissions 
(Fig. 1f). The location-based emissions trajectory overall barely 

complied with the well below 2 °C goal (turquoise line) and is simi-
lar to the market-based trajectory adjusted to exclude RECs (dotted 
black line in Fig. 1e).

Companies headquartered in Europe and North America (88% 
of the sample) reported larger combined market-based emission 
reductions in 2015–2019 than companies based in Asia (11% of 
the sample), but also relied more on RECs in their reporting. When 
removing the contribution from RECs, North American compa-
nies’ combined market-based emission trajectory merely aligned 
with the well below 2 °C goal, whereas European companies in 
aggregate did not align with any Paris goal (see Supplementary 
Fig. 7). At the industry level, only companies in ‘materials’, ‘hospi-
tality and biotech’, ‘health care and pharma’ (together accounting 
for 21% of the sample companies) aligned with the 1.5 °C goal in 
aggregate after adjusting the emission trajectories for RECs (see  
Supplementary Fig. 8).

Renewable energy certificates also had a substantial influence on 
the reported emission trajectories of individual companies; 89% of 
sample companies purchased RECs in the 2015–2019 period and 
the sample companies’ median market-based emission reduction 
changed from 30.2% to 8.5% when removing the contribution from 
RECs. Likewise, the share of companies aligned with the 1.5 °C goal, 
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Fig. 1 | Combined scope 2 emissions of sample companies and the factors contributing to their reductions since 2015. a–e, Market-based accounting.  
f–h, Location-based accounting. a–h, The contributions of energy consumption (a,f), residual grid mix (b), grid mix (g), PPAs (c) and RECs (d) to the reported 
market- (e) and location-based (h) emission trajectories, with the contribution of RECs to reported market-based emission reductions highlighted in orange.
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aligned with the well below 2 °C goal, and not aligned with either 
goal changes from 68%, 8% and 24% to 36%, 12% and 52%, respec-
tively, when excluding RECs (Fig. 2); 40% of the companies whose 
reported market-based emissions aligned with the 1.5 °C goal did not 
align with any Paris goal after adjusting for RECs (see the grey flows 
between first and second column of Fig. 2). Hence, market-based 
emission disclosures give the impression that three-quarters of the 
companies were in alignment with one of the Paris goals. However, 
when removing contributions from RECs, only half of companies 
still demonstrated such alignment and, of these, alignment with 
the less ambitious goal became more common. Much of the differ-
ence in the distribution of company alignment with the Paris goals 
between the market- and location-based accounting disappears after 
removing the contribution of RECs (Fig. 2). However, for one-third 
of the companies the temperature goal alignments is different for 
adjusted market- and location-based accounting. For example, for 
companies that increased their use of PPAs over the period adjusted 
market-based emissions commonly aligned with a more ambitious 
temperature goal than location-based emissions.

Scenario of future REC usage in pursuit of SBts
We now turn from the sample companies’ past reported emissions 
to their future commitments to reducing emissions through SBTs  
(Fig. 3a). Few companies (6%) report scope 2 SBTs independent 
from other emission scopes. Most companies (82%) report scope 2 
SBTs in combination with SBTs for scope 1 (covering direct emis-
sions24) and the rest (12%) in combination with scope 1 and scope 3 
SBTs (covering value chain emissions beyond scope 2; ref. 24). Most 
companies (89%) state that their SBT refers to market-based  

accounting, whereas the SBTs of the remaining 11% refer to 
location-based accounting (in short, market- and location-based 
SBTs). This indicates that most companies aim to use RECs and 
PPAs in pursuing their targets.

Companies with market-based SBTs tend to commit to more 
ambitious emission reductions (compare the orange and blue boxes 
in Fig. 3a). The trend is especially pronounced for SBTs covering 
scopes 1 and 2, where the median annual reduction is 1.7 percent-
age points higher for market- over location-based SBTs (4.2% versus 
2.5% of base year emissions). This may be because market-based 
accounting offers a relatively low-cost means of appearing to reduce 
emissions14, and therefore companies using this approach are will-
ing to set more ambitious reduction targets; 58% of market-based 
SBTs align with the 1.5 °C goal (below purple line in Fig. 3a) and 
28% with the well below 2 °C goal (between the turquoise and 
purple line). The corresponding shares for location-based SBTs 
are 8% and 54%, respectively. Some SBTs do not align with either 
temperature goal as SBTi, until 2019, approved targets aligning 
with a less ambitious 2 °C goal8 and one target-setting method 
(the sectoral decarbonization approach4,25) allows companies with 
certain characteristics to reduce emissions at a lower rate than is  
required globally.

We next estimated the SBTs specifically for scope 2 (Fig. 3b) from 
SBTs that cover scopes 1 and 2, or scopes 1, 2 and 3, assuming future 
scope 2 emission reduction will have the same relative contribution 
to total emission reductions as in the past (see Methods). These esti-
mates illustrate the implications of a continuation of current trends, 
rather than an explicit prediction of future emissions pathways. The 
estimated market-based scope 2 SBTs are generally more ambitious 
than the reported market-based SBTs for overarching emissions 
scopes and are closer to the reported SBTs specifically for scope 2 
(Fig. 3a). Note, however, that 3% of these estimated market-based 
SBTs involve emission increases (above the 0% line in Fig. 3), as 
the companies in question increased scope 2 emissions during the 
past reference period; 75% of the estimated market-based scope 
2 SBTs comply with the 1.5 °C goal and 12% comply with the 
well below 2 °C goal. Across companies, the estimated combined 
market-based scope 2 SBTs involve an annual reduction of 7.2% of 
base year emissions (weighted average by base year emissions; see 
Fig. 3b) and would thereby seem to easily comply with the 1.5 °C 
goal (purple line). By contrast, the estimated location-based scope 
2 SBTs only barely comply with the well below 2 °C goal collectively 
(the weighted average reduction rate is 2.7% of base year emissions). 
However, the potential use of RECs may overstate the apparent Paris 
goal alignment of the market-based SBTs.

To investigate further, we estimated and removed the future con-
tribution of RECs from the estimated market-based scope 2 SBTs 
(Fig. 3c) on the basis of the relative contributions of RECs to past 
scope 2 emissions reductions (see Methods). This exploratory sce-
nario results in a combined real reduction rate of 3.6% of base year 
emissions across companies (see the weighted average in Fig. 3c), 
which is markedly lower than the 7.2% reduction rate for unad-
justed market-based scope 2 SBTs (Fig. 3b) and merely complies 
with the well below 2 °C goal. Moreover, although nearly all (77 of 
102) companies pursuing market-based scope 2 SBTs seem to align 
with the 1.5 °C goal (Fig. 3b), far fewer (38 of 102) companies will 
in fact align with the 1.5 °C goal if they continue their past pattern 
of REC usage (Fig. 3c). In that scenario, companies will most com-
monly not align with either temperature goal (45 of 102), whereas 
a minority (19 of 102) will align with the less ambitious well below 
2 °C goal. The 25–75th percentile range of estimated market-based 
emission reduction rates adjusted for RECs (Fig. 3c) is similar to the 
corresponding range for estimated location-based SBTs (Fig. 3b),  
which challenges the notion that market-based SBTs tend to 
be more ambitious than location-based SBTs (Fig. 3a,b). Taken 
together, the implication of this future emission scenario is that 
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35% 13% 52%
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68% 8% 24%
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Fig. 2 | Share of sample companies whose 2015–2019 scope 2 emission 
trajectories aligned with temperature goals for three emission accounting 
approaches. The grey flows between the first and second column indicate 
the shares of companies for which the temperature goal alignment changed 
when removing RECs from their market-based emission trajectories. See 
the Supplementary Spreadsheet for individual company results.
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an estimated 42% of the committed cumulative scope 2 emission 
reductions (101 MtCO2e) from base year to target year will come 
from REC purchases and hence may not reflect actual reductions of 
global emissions (Fig. 4).

At the regional level, European and North American companies 
generally targeted higher future emission reductions than Asian 
companies. However, these regional differences substantially reduce 
after adjusting the targets for estimated future RECs purchases (see 
Supplementary Fig. 9). Companies in half of the ten industries 
(together accounting for 45% of the sample companies) collec-
tively align with the 1.5 °C goal after adjusting the SBTs for RECs, 
whereas companies in two industries align with the well below 2 °C 
goal and companies in three industries do not align with either (see 
Supplementary Fig. 10).

implications and outlook
In this study we assessed the use of RECs by companies with SBTs 
and the implications for their Paris alignment claims. The wide-
spread use of RECs raises doubt on companies’ apparent historic 
Paris-aligned emission reductions, as it allows companies to report 
emission reductions that are not real. Moreover, a continuation of 
recent trends would mean that nearly half of future scope 2 emis-
sion reductions reported by companies with SBTs would not be real. 
Overall, our results confirm earlier suppositions19,20 and suggest that 
corporate use of RECs in the pursuit of SBTs is the norm rather than 
the exception. This is consistent with recent findings for a smaller 
sample of companies with net-zero targets18. SBTs must cover both 
scope 1 and scope 2 emissions6, and for many industries scope 2 
emissions are the larger of the two (see Supplementary Figs. 11–13 
for a contribution analysis of our company sample). Consequently, 
companies’ use of RECs threatens to undermine the integrity of 
SBTs as a whole. Together with recent findings of widespread 
accounting and reporting issues for scope 3 emissions26,27, our find-
ings should inform future work scrutinizing SBTs and companies’ 
progress against them5,8,28.

Although our sample only covers 115 (14%) of the 813 compa-
nies with SBTs at the time (due to data availability and the exclu-
sion of energy generators, utilities and companies with intensity 

targets), it is fairly representative in terms of regions and industries  
(see Supplementary Figs. 5 and 6). We encountered several difficul-
ties in interpreting companies’ disclosure of RECs and PPAs and our 
main results (Figs. 1–4) are based on conservative interpretations 
(see Supplementary Section 1 for details). A set of parallel results 
(Supplementary Figs. 1–4) show that reported emission reductions 
could be even more inflated by RECs than is the case for our main 
results. Our evaluation of the Paris alignment of corporate scope 2 
emission trajectories is based on the same global mitigation path-
ways used in SBTi’s target progress assessment8 (4.2% and 2.5% base 
year emission reductions annually for the 1.5 °C and well below 
2 °C goals, respectively). However, Paris-aligned mitigation sce-
narios commonly involve substantially higher reductions in direct 
emissions for the power sector than for the rest of the economy 
(for example, 7.2% and 3.7% reduction of 2020 emissions annually 
between 2020 and 2030 for the 1.5 °C and well below 2 °C goals, 
respectively, in the mitigation scenario underlying SBTi’s sectoral 
decarbonization approach25,29). This would translate to a require-
ment for companies to reduce scope 2 emissions at a higher rate 
than the global mitigation pathways, meaning that fewer companies 
would be Paris-aligned than suggested by our study.

Our findings have implications for SBTi’s current approach of 
allowing companies to choose between market- and location-based 
accounting when setting SBTs and reporting target progress6. In 
addition to the problem that market-based accounting allows 
reporting emission reductions that are not real, there is a risk of 
double counting the emission benefits of renewable energy gen-
eration if one company claims the use of specific renewable energy 
generation using market-based accounting, whereas other compa-
nies count that same renewable energy using the grid average emis-
sion factor in their location-based accounting. There are at least two 
alternatives that would make it more likely that all reported scope 
2 emission reductions are real and renewable energy generation is 
only counted once (see Table 1). First, SBTi could require all com-
panies to use only location-based accounting. A potential drawback 
with this option is that it would disincentivize companies from using 
PPAs or other market-based instruments that can lead to addi-
tional renewable energy generation. In the second alternative, all 
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companies could be required to use a restrictive version of market- 
based accounting, involving mandatory demonstration of the  
additionality of market-based instruments (whether PPAs or RECs), 
that is, evidence that the renewable energy generation would likely 
not have occurred without the instrument30,31. The Net Zero Carbon 

Buildings Framework of the UK Green Buildings Council includes 
such a requirement22,32. However, experience from carbon-offsetting 
markets shows that demonstration of additionality is complicated 
and often contested33 and more research and method develop-
ment may therefore be needed for this option to be viable. Some 

Market-based emission
reductions: 234 MtCO2e

Market-based 
emission 

reductions from 
RECs (unlikely to 

be real): 
101 MtCO2e

Market-based
emission reductions
from factors other

than RECs:
133 MtCO2e

Location-based emission 
reductions from factors other 

than RECs: 
4 MtCO2e

Fig. 4 | Estimated cumulative scope 2 emission reduction from base to target year on the basis of the sample companies’ SBts and the estimated role 
of RECs in achieving these reductions. The inner circle represents the estimated emission reduction commitments by companies whose SBTs refer to 
market- and location-based accounting. The outer ring represents the estimated contributions of RECs and other factors (see Fig. 1) to these reduction 
commitments. The median base year and target year of the SBTs are 2017 and 2030, respectively.

Table 1 | the current emission accounting requirement of SBti and two (not exhaustive) alternatives that could potentially prevent 
double counting and the reporting of emission reductions that are not real

Accounting requirements issues with reporting 
emission reductions 
that are not real?

issues with double counting? Other potential issues (not exhaustive)

Companies choose between 
location- and market-based 
accounting with no mandatory 
demonstration of additionality 
(current requirement of SBti)

Yes: companies may use 
non-additional RECs.

Yes: a unit of generated 
renewable energy can count 
towards the market-based 
emission reduction of 
one company and the 
location-based emission 
reductions of other companies.

Resources may be diverted from interventions linked to 
actual emission reductions (such as energy efficiency 
improvements) to purchasing RECs.

All companies use 
location-based accounting

no. no. May disincentivize companies from contributing to 
new renewable energy generation, and the associated 
emission reductions, through PPAs and other 
market-based instruments.

All companies use market-based 
accounting with mandatory 
demonstration of additionality

no. no. Demonstration of additionality is complicated and 
uncertain.
Use of market-based instruments for claiming renewable 
energy supply may be seen as misleading, since they 
do not reflect the dependence of the user on the wider 
electricity generation and transmission system.
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stakeholders might also reject the use of market-based instruments 
altogether, whether additional or not, as this way of claiming to 
be supplied by renewable energy does not reflect how renewable 
energy supply relies on a broader system of grid-balancing, back-up 
capacity and transmission services, which are often supported by 
tax payers or other energy consumers10.

Our study highlights issues with the use of RECs in the context 
of SBTs. However, the Greenhouse Gas Protocol scope 2 guidance 
argues that the use of non-additional market-based instruments is 
not a problem as the main goal is to allocate total grid emissions 
to individual consumers9. From that perspective, individual com-
panies can legitimately use RECs to report emissions reductions 
that do not reflect a global emission reduction, as the market-based 
emissions of all energy users on the grid sum to total grid emissions. 
Based on our analysis, we encourage the Greenhouse Gas Protocol 
to reconsider its stance on additionality for two reasons. First, as 
many corporate energy users do not report emissions (nor do resi-
dential households), a company’s purchase of non-additional RECs 
effectively increases the market-based emissions of other actors  
that do not report emissions (through an increase in the residual  
emission factor; see Box 1). This means that total reported 
market-based emissions will always overstate the actual grid-total 
emissions reduction due to incomplete reporting. Second, as 
companies increasingly disclose emissions in the context of tar-
gets informed by the need to reduce global emissions (SBTs5 and 
net-zero targets34,35), it is clearly misleading to stakeholders if 
companies can meet these targets without reducing global emis-
sions. This would also be the case in a situation with complete 
reporting. We acknowledge that this second issue raises a related 
and broader limitation with the use of standard corporate emis-
sions accounting (whether market- or location-based), in that 
changes in emissions outside of the scopes 1, 2 and 3 accounting 
boundary are not shown. Apparent reductions within the bound-
ary may therefore not reflect total reductions in global emis-
sions. For example, a company’s decision to use bioenergy may 
cause emissions outside its value chain through indirect land use 
change36. Accordingly, SBTi should consider options for comple-
menting standard scopes 1, 2 and 3 accounts with consequential 
emission accounting methods36 to ensure that actions taken to 
achieve STBs do not unintentionally increase emissions outside the  
accounting boundary.

Conclusion
Our study shows that the common voluntary corporate prac-
tice of using RECs that are unlikely to drive additional renewable 
energy production casts serious doubt on the veracity of reported 
corporate emission trajectories and their apparent alignment 
with the most ambitious Paris Agreement temperature goal. More 
broadly, there is a need to critically consider the extent to which 
voluntary corporate actions can be relied on for achieving a Paris- 
aligned transition5.

Online content
Any methods, additional references, Nature Research report-
ing summaries, source data, extended data, supplementary infor-
mation, acknowledgements, peer review information; details of 
author contributions and competing interests; and statements of 
data and code availability are available at https://doi.org/10.1038/
s41558-022-01379-5.

Received: 28 November 2021; Accepted: 29 April 2022;  
Published online: 9 June 2022

References
 1. Lui, S. et al. Correcting course: the emission reduction potential of 

international cooperative initiatives. Clim. Policy 0, 1–19 (2020).

 2. Kuramochi, T. et al. Beyond national climate action: the impact of region, 
city, and business commitments on global greenhouse gas emissions. Clim. 
Policy 20, 275–291 (2020).

 3. Hsu, A. et al. A research roadmap for quantifying non-state and subnational 
climate mitigation action. Nat. Clim. Change 9, 11–17 (2019).

 4. Bjørn, A., Lloyd, S. & Matthews, D. From the Paris Agreement to corporate 
climate commitments: evaluation of seven methods for setting 
“science-based” emission targets. Environ. Res. Lett. 16, 054019 (2021).

 5. Bjørn, A., Tilsted, J. P., Addas, A. & Lloyd, S. M. Current Climate Change 
Reports. (2022); https://doi.org/10.1007/s40641-022-00182-w

 6. SBTi Corporate Manual TVT INF 002 v.2.0 (SBTi, 2021); https:// 
sciencebasedtargets.org/resources/files/SBTi-Corporate-Manual.pdf

 7. Companies Taking Action (SBTi, 2022); https://sciencebasedtargets.org/ 
companies-taking-action/

 8. From Ambition To Impact: How Companies Are Reducing Emissions At Scale 
With Science-Based Targets (SBTi, 2021); https://sciencebasedtargets.org/ 
resources/files/SBTiProgressReport2020.pdf

 9. GHG Protocol Scope 2 Guidance: An Amendment to the GHG Protocol 
Corporate Standard (World Resources Institute, 2015); https://ghgprotocol. 
org/scope_2_guidance

 10. Monyei, C. G. & Jenkins, K. E. H. Electrons have no identity: setting right 
misrepresentations in Google and Apple’s clean energy purchasing. Energy 
Res. Soc. Sci. 46, 48–51 (2018).

 11. Gillenwater, M., Lu, X. & Fischlein, M. Additionality of wind energy 
investments in the U.S. voluntary green power market. Renew. Energy 63, 
452–457 (2014).

 12. Gillenwater, M. Probabilistic decision model of wind power investment and 
influence of green power market. Energy Policy 63, 1111–1125 (2013).

 13. Hamburger, Á. & Harangozó, G. Factors affecting the evolution of renewable 
electricity generating capacities: a panel data analysis of European countries. 
J. Energy Econ. Policy 8, 161–172 (2018).

 14. Brander, M., Gillenwater, M. & Ascui, F. Creative accounting: a critical 
perspective on the market-based method for reporting purchased electricity 
(scope 2) emissions. Energy Policy 112, 29–33 (2018).

 15. Navigating the Nuances of Net-Zero Targets (New Climate Institute and Data 
Driven Envirolab, 2020).

 16. Mulder, M. & Zomer, S. P. E. Contribution of green labels in electricity  
retail markets to fostering renewable energy. Energy Policy 99,  
100–109 (2016).

 17. Briefing Document Corporate Procurement of Renewable Energy: Implications 
and Considerations (Climate Change Committee, 2020); https://www. 
theccc.org.uk/publication/corporate-procurement-of-renewable-energy- 
implications-and-considerations/

 18. Corporate Climate Responsibility Monitor 2022: Assessing the Transparency  
and Integrity of Companies’ Emission Reduction and Net-Zero Targets  
(New Climate Institute, 2022); https://newclimate.org/2022/02/07/corporate- 
climate-responsibility-monitor-2022/

 19. Walenta, J. Climate risk assessments and science-based targets: a review of 
emerging private sector climate action tools. Wiley Interdiscip. Rev. Clim. 
Change 11, e628 (2020).

 20. Trexler, M. & Schendler, A. Science-based carbon targets for the corporate 
world: the ultimate sustainability commitment, or a costly distraction? J. Ind. 
Ecol. 19, 931–933 (2015).

 21. ISO 14064-1. Greenhouse Gases—Part 1: Specification with Guidance at the 
Organization Level for Quantification and Reporting of Greenhouse Gas 
Emissions and Removals 2nd edn (International Organization for 
Standardization, 2018); https://www.iso.org/standard/66453.html

 22. Renewable Energy Procurement and Carbon Offsetting Guidance for Net Zero 
Carbon Buildings (UK Green Building Council, 2021); https://www.ukgbc. 
org/ukgbc-work/renewable-energy-procurement-carbon-offsetting- 
guidance-for-net-zero-carbon-buildings/

 23. How Renewable Energy Certificates Make a Difference: The Impacts and 
Benefits of Buying Renewable Energy (Center for Resource Solutions, 2016); 
https://resource-solutions.org/wp-content/uploads/2016/03/How-RECs- 
Make-a-Difference.pdf

 24. The Greenhouse Gas Protocol—A Corporate Accounting and Reporting 
Standard (World Business Council For Sustainable Development and World 
Resources Institute, 2004); https://ghgprotocol.org/sites/default/files/ 
standards/ghg-protocol-revised.pdf

 25. Krabbe, O. et al. Aligning corporate greenhouse-gas emissions targets with 
climate goals. Nat. Clim. Change 5, 1057–1060 (2015).

 26. Klaaßen, L. & Stoll, C. Harmonizing corporate carbon footprints. Nat. 
Commun. 12, 6149 (2021).

 27. Busch, T., Johnson, M. & Pioch, T. Corporate carbon performance data:  
Quo vadis? J. Ind. Ecol. 26, 350–363 (2020).

 28. Giesekam, J., Norman, J., Garvey, A. & Betts-Davies, S. Science-based  
targets: on target? Sustainability 13, 1657 (2021).

 29. SBTi Tool v.1.2.1 (SBTi, 2020); https://sciencebasedtargets.org/resources/ 
files/SBT-Tool-v1.2.1.xlsx

NAtuRE CLiMAtE CHANgE | VOL 12 | JUnE 2022 | 539–546 | www.nature.com/natureclimatechange 545

https://doi.org/10.1038/s41558-022-01379-5
https://doi.org/10.1038/s41558-022-01379-5
https://doi.org/10.1007/s40641-022-00182-w
https://sciencebasedtargets.org/resources/files/SBTi-Corporate-Manual.pdf
https://sciencebasedtargets.org/resources/files/SBTi-Corporate-Manual.pdf
https://sciencebasedtargets.org/companies-taking-action/
https://sciencebasedtargets.org/companies-taking-action/
https://sciencebasedtargets.org/resources/files/SBTiProgressReport2020.pdf
https://sciencebasedtargets.org/resources/files/SBTiProgressReport2020.pdf
https://ghgprotocol.org/scope_2_guidance
https://ghgprotocol.org/scope_2_guidance
https://www.theccc.org.uk/publication/corporate-procurement-of-renewable-energy-implications-and-considerations/
https://www.theccc.org.uk/publication/corporate-procurement-of-renewable-energy-implications-and-considerations/
https://www.theccc.org.uk/publication/corporate-procurement-of-renewable-energy-implications-and-considerations/
https://newclimate.org/2022/02/07/corporate-climate-responsibility-monitor-2022/
https://newclimate.org/2022/02/07/corporate-climate-responsibility-monitor-2022/
https://www.iso.org/standard/66453.html
https://www.ukgbc.org/ukgbc-work/renewable-energy-procurement-carbon-offsetting-guidance-for-net-zero-carbon-buildings/
https://www.ukgbc.org/ukgbc-work/renewable-energy-procurement-carbon-offsetting-guidance-for-net-zero-carbon-buildings/
https://www.ukgbc.org/ukgbc-work/renewable-energy-procurement-carbon-offsetting-guidance-for-net-zero-carbon-buildings/
https://resource-solutions.org/wp-content/uploads/2016/03/How-RECs-Make-a-Difference.pdf
https://resource-solutions.org/wp-content/uploads/2016/03/How-RECs-Make-a-Difference.pdf
https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-revised.pdf
https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-revised.pdf
https://sciencebasedtargets.org/resources/files/SBT-Tool-v1.2.1.xlsx
https://sciencebasedtargets.org/resources/files/SBT-Tool-v1.2.1.xlsx
http://www.nature.com/natureclimatechange


Articles Nature Climate ChaNge

 30. Trexler, M. C., Broekhoff, D. J. & Kosloff, L. H. A statistically-driven approach 
to offset-based GHG additionality determinations: what can we learn? 
Sustain. Dev. Law Policy 6, 30–40 (2006).

 31. Methodological Tool: Tool for the Demonstration and Assessment of 
Additionality v.07.0.0 (United Nations Framework Convention on Climate 
Change, 2012); https://cdm.unfccc.int/methodologies/PAmethodologies/ 
tools/am-tool-01-v7.0.0.pdf

 32. Net Zero Carbon Buildings: A Framework Definition (UK Green Building  
Council, 2019); https://www.ukgbc.org/ukgbc-work/net-zero-carbon- 
buildings-a-framework-definition/

 33. Schneider, L. Assessing the additionality of CDM projects: practical 
experiences and lessons learned. Clim. Policy 9, 242–254 (2009).

 34. Hale, T. et al. Assessing the rapidly-emerging landscape of net zero targets. 
Clim. Policy 22, 18–29 (2022).

 35. Rogelj, J., Geden, O., Cowie, A. & Reisinger, A. Net-zero emissions targets are 
vague: three ways to fix. Nature 591, 365–368 (2021).

 36. Brander, M. Comparative analysis of attributional corporate greenhouse gas 
accounting, consequential life cycle assessment, and project/policy level 
accounting: A bioenergy case study. J. Clean. Prod. 167, 1401–1414 (2017).

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

© The Author(s), under exclusive licence to Springer Nature Limited 2022

NAtuRE CLiMAtE CHANgE | VOL 12 | JUnE 2022 | 539–546 | www.nature.com/natureclimatechange546

https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-01-v7.0.0.pdf
https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-01-v7.0.0.pdf
https://www.ukgbc.org/ukgbc-work/net-zero-carbon-buildings-a-framework-definition/
https://www.ukgbc.org/ukgbc-work/net-zero-carbon-buildings-a-framework-definition/
http://www.nature.com/natureclimatechange


ArticlesNature Climate ChaNge

Methods
Terminology for market-based instruments and their potential effects on 
renewable energy generation. There is no formally agreed terminology for the 
market-based instruments that companies can use to obtain renewable energy 
attributes (that is, rights to claim usage of renewable energy) under the market-based 
accounting approach. A large number of instruments with similar characteristics 
exist and the same instrument may go by different names in different regions9. 
For example, the Bloomberg database37 defines RECs broadly as the “…amount 
of bundled and unbundled energy attributes purchased in the form of tradable 
certificates from an official registry, in thousands of megawatt hours. This field 
includes voluntary certificates such as Guarantees of Origin sold within the 
Renewable Energy Certificate System and European Energy Certificate System as 
well as Renewable Energy Certificates commonly used in the United States”. SBTi 
identifies RECs and PPAs as the two available market-based instruments for meeting 
renewable electricity targets within its net-zero standard38, although other contractual 
arrangements exist, such as supplier-specific emission factors, and green power 
products or tariffs. It should also be noted that PPAs themselves generally include the 
renewable energy attributes associated with the power that is purchased (though it is 
also possible to structure a PPA for the power only, without the associated attributes). 
For simplicity in the terminology used we use the term REC for all contractual 
arrangements for renewable energy attributes other than PPAs and we use the term 
PPA for PPAs that include renewable energy attributes, unless otherwise stated.

We use the term additionality in relation to the effect of RECs and other 
market-based instruments on the generation of renewable energy. The 
additionality term originated in the carbon-offsetting literature31,33. In the context 
of using market-based instruments for renewable energy to report emission 
reductions, we here follow the definition of the term from the ISO 14064-2 
standard39: “Additionality, as a concept, describes the relationship between cause 
and effect. For any cause and effect, the effect can be described as being additional 
if it would not have occurred in the absence of the cause”. In this study, the effect 
can both refer to the generation of renewable energy and the development of new 
capacity (for example, windmill or solar panels) for renewable energy generation.

Company data. Our initial sample was composed of the 813 companies with 
approved SBTs as per the online SBTi database7 on July 20th, 2021. The SBTs in 
the SBTi database generally contain the following data of relevance to this study: 
sector, emission metric (absolute or intensity-based), emission scope (1, 2, 3 or 
a combination), base year, target year and targeted percentage reduction in the 
emission metric. We first excluded 28 energy generators and utilities (3% of the 
initial sample) due to our focus on companies that purchase energy. We excluded 
another 101 companies (12% of the initial sample) that only have intensity-based 
SBTs covering scope 2 to avoid the additional uncertainty associated with 
converting intensity targets to absolute emission targets. For companies with 
multiple SBTs covering different emissions scopes and target years, we selected a 
single SBT, prioritizing targets specifically for scope 2, when available (otherwise, 
we prioritized targets for scopes 1 and 2 combined over targets for scopes 1, 2 and 
3 combined), followed by prioritization of the shortest target time span (that is, 
the difference between the base year and target year). In addition to the target data 
sourced from SBTi, we collected information on the scope 2 accounting approach 
that each SBT refers to (market- or location-based) from company disclosures to 
CDP (formerly the Carbon Disclosure Project)40 (this information is not provided 
by SBTi; see Supplementary Section 2.4 for more details). Note, however, that only 
around half of companies with approved SBTs reported to CDP. We were therefore 
left with 338 of the 813 companies after removing energy generators and utilities 
(28), intensity targets (101) and companies that did not report to CDP (346).

For these 338 remaining companies, we analyzed their past emissions for 
2015–2019. The start year (2015) aligns with the publication of the Greenhouse 
Gas Protocol standard related to market-based accounting (see Box 1)9, the 
introduction of a distinction between market- and location-based scope 2 
emissions in the CDP questionnaire40 and the approval of the first SBTs by SBTi7. 
We ended the period in 2019 to avoid abnormalities caused by COVID-19 and 
as 2019 is the most recent year for which complete data was available for many 
companies. We used companies’ 2015–2019 emissions disclosed to CDP and, in 
cases of missing or apparently erroneous data, complemented with emission  
data from the Bloomberg database37. We also used CDP data on companies’ 
purchased energy (electricity, heat, steam and cooling) and purchased RECs  
and PPAs (details in Supplementary Section 1). We adjusted ambiguous or 
apparently erroneous datapoints (details in Supplementary Section 2). We excluded 
223 companies (27% of the initial sample and 66% of the restricted sample  
of 338 companies) due to missing or poor-quality data, leaving 115 companies 
(14% of the initial sample) that are included in our analysis (details in 
Supplementary Section 2).

The resulting sample of 115 SBTs have been approved by SBTi between 2016 
and 2021. We used SBTi’s classification of headquarter regions and industries7 to 
assess the representativeness of the final company sample (Supplementary  
Section 4) and estimate combined results at the region level (Supplementary  
Figs. 7 and 9). For combined results at the industry level (Supplementary Figs. 8 
and 10) and the industry-level assessment of scope 2 emissions relative to other 
emission scopes (Supplementary Figs. 11–13), we used the industry classifications 

of CDP40 as it involves a more manageable number of industries (10 versus the 49 
of SBTi’s classification system7).

Reference mitigation pathways for the Paris temperature goal. We used 
SBTi’s linear 1.5 °C and well below 2 °C global mitigation pathways41, involving 
annual reductions of 4.2% and 2.5% of base year emissions, respectively. The 
SBTi developed these pathways from a subset of the pathways described in the 
Special Report on Global Warming of 1.5 °C of the Intergovernmental Panel on 
Climate Change42. SBTi determined this subset by applying criteria related to 
temperature limit probability, temporary overshoot of emission budget, year of 
peak emissions and near-term emission reduction rate, with the aim of isolating 
pathways conforming with principles of plausibility, responsibility, objectivity, 
and consistency41. The SBTi notes that linearization of emission pathways over 
long timespans can result in substantial deviations of the pathways’ cumulative 
emissions and therefore recommends the use of the derived reduction rates (4.2% 
and 2.5%) for the shorter time span of 2020–2035. However, the SBTi also advises 
companies to apply these reductions rates to set SBTs for base years before 20206, 
and SBTi applied the requirement of the 1.5 °C pathway (4.2% reduction in base 
year emissions per year) as a benchmark for the combined emission trajectory of 
companies with SBTs in the 2015–2019 period in its latest target progress report8. 
Following SBTi, we here apply the annual emission reduction rates of the two 
SBTi pathways (4.2% and 2.5%, respectively) as references to evaluate the Paris 
alignment of past corporate emission trajectories (2015–2019) and future targeted 
trajectories (median values 2017–2030) for the 115 companies.

Estimating the contribution of scope 2 to total emission changes for 2015–2019. 
Based on the equation for calculating market-based scope 2 emissions (Box 1), 
we used the following set of equations to calculate the contribution of changes 
in energy consumption, use of PPAs, use of RECs (collectively referred to as 
market-based instruments or MBI) and residual grid mix emission factor to 
reported changes in market-based scope 2 emissions for each year (that is, 2016, 
2017, 2018 and 2019, noted with ‘t’ below) relative to 2015 (Figs. 1 and 2).

Contribution to reported emission changes (ΔE) from change in energy 
consumption (C) relative to 2015 (in tCO2e per year):

ΔEMB,S2,ΔC,t = EMB,S2,2015 ×
C2015 − Ct

C2015 − CMBI, 2015
(1)

Contribution to reported emission changes from change in energy 
consumption that is covered by PPAs (CPPA) relative to 2015 (in tCO2e per year):

ΔEMB,S2,ΔPPA,t = EMB,S2,2015 ×
CPPA, t − CPPA, 2015

C2015 − CMBI, 2015
(2)

Contribution to reported emission changes from change in energy 
consumption that is covered by RECs (CREC) relative to 2015 (in tCO2e per year):

ΔEMB,S2,ΔREC,t = EMB,S2,2015 ×
CREC, t − CREC, 2015

C2015 − CMBI, 2015
(3)

Contribution to reported emission changes from change in the residual grid 
mix emission factor (EFres) relative to 2015 (in tCO2e per year):

ΔEMB,S2,ΔEF_res,t

= (EMB,S2,2015 − EMB,S2,t) − (ΔEMB,S2,ΔC,t + ΔEMB,S2,ΔPPA,t + ΔEMB,S2,ΔREC)
(4)

Note that equation (4) estimates the contribution from a change in the residual 
grid mix emission factors as the difference between the change in reported emissions 
(the first parenthesis) and the sum of the contributions to emission changes 
from changes in energy consumption, PPAs and RECs (the second parenthesis) 
as companies do not directly disclose the values of EFres behind their reported 
emissions to CDP. Note also that equations (1–4) are based on the approximation 
that EFMBI is zero for all RECs and PPAs, which allows treating RECs and PPAs as if 
they virtually eliminate the energy consumption they cover in equation (1–3). This 
approximation is needed as companies only reported EFMBI values to CDP for part 
of the study’s time period (2016, 2017 and 2018). We consider the approximation 
that EFMBI is zero in all cases sound, as biomass and biogas incineration is the only 
type of renewable energy generation known to emit (small amounts of) GHGs 
during operation (in addition to emission of biogenic CO2, which is considered 
climate neutral in corporate accounting24), and because this energy source accounted 
for a negligible share of the combined energy consumption claimed by RECs or 
PPAs (CMBI) across the company sample (less than 1% in 2019). We note that some 
companies reported non-zero values of EFMBI for other types of renewable energy 
generation such as hydropower, wind and solar, and we assume that this reflects 
a misunderstanding of the CDP questionnaire (for example, reporting life-cycle 
emission factors instead of operational emission factors).

We next calculated adjusted market-based scope 2 emissions for each year 
following 2015 (t) (aEMB,S2, in tCO2e per year) by removing the contribution from 
RECs to reported emission changes (see equation (3)):

aEMB,S2, t = EMB,S2,t + ΔEMB,S2,ΔREC,t (5)
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For location-based accounting, we used a similar set of equations, based on the 
equation for calculating location-based scope 2 emissions (Box 1), to calculate  
the contribution of changes in energy consumption and the average grid mix 
emission factor to reported changes in scope 2 emissions between 2015 and each 
following year (t):

Contribution to reported emission changes from change in energy 
consumption (C) relative to 2015 (in tCO2e per year):

ΔELB,S2,ΔC,t = ELB,S2,2015 ×
C2015 − Ct

C2015
(6)

Contribution to reported emission changes from change in the average grid 
mix emission factor (EFmix) relative to 2015 (in ton CO2e per year):

ELB,S2,ΔEF_mix,t = (ELB,S2,2015 − ELB,S2,t) − ΔELB,S2,ΔC,t (7)

Annualization of SBTs. As shown in Fig. 3a, to allow for comparison of 
the targeted emission reductions across SBTs with varying timespans, we 
annualized the reported SBTs, formulated as a percentage reduction between the 
company-specific base year (B) and target year (Y), following Wang et al43:

SBT′

=
SBT
Y − B

(8)

The resulting annualized SBT (SBT′) indicates an annual percent reduction of 
base year emissions and assumes a linear emission trajectory between base year 
and target year.

Estimation of SBTs specific for scope 2. As shown in Fig. 3b, most companies 
in our sample (94%) do not have SBTs specifically for scope 2. Instead they have 
targets that combine scope 1 and 2 (82%), or scope 1, 2 and 3 emissions (12%). 
To derive SBTs specifically for scope 2 in these cases, we first calculated the past 
contribution of scope 2 emission changes (S2Cpast, dimensionless) to the emission 
reductions for the emission scopes covered by a company’s reported SBT:

S2Cpast =
ES2,b − ES2,y
ESR,b − ESR,y

(9)

Here, ES2 is the reported historic scope 2 emissions and ESR is the reported 
historic emissions for the scopes covered by the company’s reported SBT, both 
referring to market-based accounting for companies with market-based SBTs and 
location-based accounting for companies with location-based SBTs; b and y are 
company-specific start- and end-years within the 2015–2019 period, selected to 
represent the longest consecutive decrease in ESR. This approach (as opposed to a 
common start- and end-year) avoids past increases in ESR, which is desirable given 
that S2Cpast forms the basis for projecting a company’s future scope 2 emissions 
in the context of a targeted emission decrease across the emission scopes covered 
by its reported SBT. On average across our sample, the b to y period spans 
2.5 years. For one of the sample companies, ESR increased consistently in the 
2015–2019 period, meaning there was no company-specific basis for projecting 
scope 2 emissions. For that company we instead assigned S2Cpast the average value 
calculated for the other sample companies with reported SBTs covering the same 
emission scopes (1–3, market-based), which was 13.4%.

Next we extrapolated from the past reference period (b to y) by assuming that 
S2Cpast applies to the full period between the specified base year, B, and future 
target year, Y, of the reported company SBT and calculated the corresponding 
targeted annual reductions in scope 2 emissions for that period (ΔE′

S2) (again, 
market- or location-based, depending on the reported SBT):

ΔE′

S2 = ESR,B × ΔSBT′

× ΔS2Cpast (10)

Finally, we estimated the annualized SBT specifically for scope 2:

SBT′

S2 =
ΔE′

S2
ES2,B

(11)

Adjustment of scope 2 SBTs for RECs. Given that many companies in our sample 
used RECs to report market-based emission reductions in the 2015–2019 period, 
it is likely that they will continue to use RECs as a contribution to meeting their 
scope 2-specific SBTs. To take this into account, we modified equation (9) to 
remove the contribution of RECs (Fig. 3c) to past changes in scope 2 emissions, 
by drawing on equations (3) and (5), which were modified to cover the b to y 
reference period (same as for equation (9)) instead of the 2015 to t period:

aS2Cpast =
EMB,S2,b−aEMB,S2,y
EMB,SR,b−EMB,SR,y

=
ES2,mark,b−(EMB,S2,y+ΔEMB,S2,ΔREC,y)

EMB,SR,b−EMB,SR,y

=
ES2,mark,b−

(

EMB,S2,y+EMB,S2,2015×
CREC, y−CREC, b

Cb−CMBI, b

)

EMB,SR,b−EMB,SR,y

(12)

aS2Cpast can be interpreted as the contribution of a real change in scope 2 emissions 
(that is, without the contribution of RECs) to a reported change in emissions for 
the scopes covered by the reported SBT. Following this, we calculated the adjusted 
scope 2-specific annualized SBTs (aSBT′

S2) by using equations (10) and (11) with 
aS2Cpast as input instead of S2Cpast. For the sample company with a consistent 
increase in ESR in the 2015–2019 period, we (similarly to above) assigned aS2Cpast 
the average value calculated for the other sample companies that have SBTs that 
cover the same emission scopes (1–3, market-based), which was 11.9%.

Contribution of RECs to committed cumulative scope 2 emission reductions. 
Based on the above estimations of SBT′

S2 for market- and location-based targets, 
and aSBT′

S2 for market-based targets, we estimated the contribution of RECs to the 
cumulative emission reductions from the base year, B, to the target year, Y, for each 
SBT, again assuming a linear pathway (Fig. 4). First, we calculated the reductions 
in scope 2 emissions (market- or location-based, depending on the reported SBT) 
between Y and B:

ΔES2 = ES2,B × SBT′

S2 × (Y − B) (13)

For 33 companies, equation (13) resulted in a ΔES2 larger than ES2,B, which 
would imply negative scope 2 emissions in Y. This is unlikely to occur (the median 
Y is 2030) and we therefore assumed that these companies will stop reducing scope 
2 emissions when they reach a value of zero. We therefore corrected the value of 
ΔES2 to ES2,B in these cases and corrected Y to the time of zero scope 2 emissions:

Y = B +
1

SBT′

S2
(14)

For each SBT, we then calculated the cumulative reduction of scope 2 emissions 
between B and Y:

cumΔES2 = ΔES2 × (Y − B) × 1
2

(15)

For market-based SBTs, we further calculated the annual scope 2 emission 
reduction between B and Y adjusted to remove the REC contribution (aΔES2) 
by using aSBT′

S2 instead of SBT′

S2 as input in equation (13). In cases where ΔES2 
is larger than ES2,B, we downscaled aΔES2 on the basis of the correction of ΔES2 
(described above):

aΔES2 = ES2,B ×

aSBT′

S2
SBT′

S2
(16)

We then calculated the adjusted cumulative emission reductions with the 
contribution of RECs removed (a.cumΔES2) by using aΔES2 instead of ΔES2 as 
input in equation (15). We then estimated the cumulative contribution from 
RECs to emission reductions (REC.cumΔES2) as the difference between cumΔES2 
and a.cumΔES2. Finally, we aggregated REC.cumΔES2 for all market-based SBTs 
and compared it with the aggregated cumΔES2 for all market-based SBTs and the 
aggregated cumΔES2 for all location-based SBTs.

Note that five of the sample companies reduced their purchases of RECs 
between b and y (the start- and end-years in equation (9)) to such an extent that a 
continuation would lead to a projected negative use of RECs in Y or earlier, which 
would not be possible. For the estimation of REC.cumΔES2 of these five companies, 
we therefore corrected aSBT′

S2, assuming that the use of RECs would decrease 
linearly from B until reaching a value of zero in Y:

corrected.aSBT′

S2 = SBT′

S2 + (aSBT′

S2 − SBT′

S2) ×
CREC,B

(CREC, b − CREC, y) ×
Y−B
y−b
(17)

Note that the SBT of one of the five companies has 2011 as B, which is before 
the Greenhouse Gas Protocol began permitting the use of RECs through the 
market-based accounting approach9. To account for the reported use of RECs 
between b and y, we used b instead of B in equation (17) for this company. The 
corrections of aSBT′

S2 for these five companies had a modest influence on results, 
causing the aggregated REC.cumΔES2 (illustrated in Fig. 4) to change from 
97 MtCO2e to 101 MtCO2e.

Data availability
This study is based on preexisting datasets, primarily references7,37,40. The data 
behind all figures are available in the Supplementary Spreadsheet.

Code availability
No custom code was developed for this study. All equations are given in Methods 
and we used Microsoft Excel for the analysis.
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