Reviewers' comments:
Reviewer #2 (Remarks to the Author):

This manuscript studies the future trends and opportunities for the decarbonization of China’s power
system through renewable energy and energy storage, with four scenarios considered, including 1)
business as usual scenario (BAU), 2) Low-cost renewables scenario (R), 3) Carbon constraints
scenario (C50), and 4) Deep carbon constraints scenario (C80). The topic is interesting, however, this
paper entails notable technical defects as follows. Therefore, it is recommended not to accept this
manuscript in the current form.

Detailed comments:

1) This paper lacks a detailed literature review on the renewable potentials, current profile, relevant
research methods, which are referred to for this study.

2) The section ‘Mix of generation capacities and power generation’ presents some arbitrary data and
information without scientific reasoning and process. The authors should present a scientific procedure
with the methodology explained in detail. Based on the procedure, methodology and data used, then
the author can explain the results and findings.

3) This paper also lacks specific information regarding the potentials and requirements for each type
of renewable energy sources, e.g., the installation of wind turbines need to meet certain requirements
such as distance from cities and wind speed etc. Similarly, the utilisation of nuclear is also stringently
constrained. These constrains are not taken into account in this paper.

4) The writing style is far away from scientific writing, e.g, what is the supporting information, such as
data or reference, for the following statement?

‘The costs of solar photovoltaics (PV), wind, and battery storage have decreased rapidly approximately
65% to 85% since 2010 and are projected to decrease further in the near future ‘.

5) The language is poor with grammar issues and typos. The title should not be a sentence — use
highlights and extracted words instead.

Reviewer #3 (Remarks to the Author):

Dear authors, the paper entitled ‘Rapid cost decrease of renewable energy and storage offers an
opportunity to accelerate the decarbonization of China’s power system’ is very interesting since it
suggests that China can have an aggressive transition to a more sustainable electricity matrix over the
next ten years. | believe this study has the potential to be published since it brings novel results and
can influence thinking in the field; however, some assumptions made by the authors when running the
SWITCH-China model should be clarified. Please find below my main comments.

Line 57. The authors affirm that PV, wind, and battery storage costs have decreased rapidly to
approximately 65% to 85% since 2010. Please insert the references and present the assumptions
behind those numbers. For example, what are the technological evidence that shows that the
projected costs for renewable energy and storage systems would decrease over the next 10 years
following the rates assumed in this study?

Line 71. Please clarify the main assumptions considered during the update process. Moreover, this
study is based on the SWITCH-China model (reference #10), whose structure is not familiar to
everybody. It is not quite clear the difference between this study and the modeling effort within
reference # 10. A brief description of the updates and an additional explanation about the basic
technical assumptions of the model could also be provided in the supplementary material.

Lines 95-108. The presented results make sense under the statements of the paper. The fact that the
cost of renewables would constantly decrease explains the increasing share of renewables in the



energy matrix. However, it lacks a better explanation of how and why the different energy sources
increase/decrease their participation in the capacity mix for the four scenarios. In my opinion, the
results are too descriptive and lack technical discussion, even if a very brief one. For example, take
one type of renewable source (PV, for instance) and then briefly describe which kind of technology
evolution justifies an increasing share of this type of renewable source in China’s electricity matrix.
Does the model consider private and government investment capacities over the next 10 years? As
you know, wind and solar power plants are related to very high CAPEX per installed MW. The fact that
the future OPEX (mainly fuel cost) is reduced in BAU and R scenarios does not necessarily mean that
these savings in brownfield plants would be promptly available to be invested in new greenfield
projects. Please clarify how the SWITCH-China model deals with possible limitations in investment
capacity until 2030.

Line 101. Typos: ‘inceasying’, ‘capcities’, ‘storage cpcities’.

Lines 124-130. Indeed, the prevalence of wind and solar as the basis of China’s electricity matrix will
bring a great challenge when considering the possibility of blackouts/power shortages. The study
suggests that batteries and natural gas as a backup plan is the possibility presented in the study,
which makes sense. The emissions of such alternatives, however, can be higher when compared to
other renewable sources. Were the LCA emissions of such systems considered in the calculations of
CO2 mitigation targets of scenarios R50 and R807? Please make it clearer in the manuscript.

Lines 141-151. The discussion in chart 5a and 5b makes total sense, however, it lacks some technical
explanation on the assumptions behind the emission and cost reduction curves.

Lines 151-156. Please clarify in the manuscript what the cost of conserved CO2 means, especially
when it is negative. What is the reference basis (in terms of energy source) to account for the avoided
carbon in China?

Lines 162-171. Please see the question raised in the comments of lines 95-108. Also, it would be
interesting to make a parallel calculation on how many power plants should be built every year from
2020 to 2030. Would this number be reasonable given the pace of current investment capacity in the
Chinese energy sector?

Lines 175-227. Indeed, there is a very detailed study on the impacts of the scenarios on the
transmission system. The magnitude of power lines and distances among regions of the country
deserves special attention. Given this, please make clear in the manuscript your assumptions for
energy transmission losses and how it is considered in the accountability of carbon emissions.

Figure 9. Something is wrong with the subtitles.

Line 375. Is not the assumption of 1% of the capital costs with O&M costs for renewable energy too
low? Please cite one or more references that give support to this assumption.

Figure 11. Please clarify why the capital cost of solar systems is steady (in BAU scenario) whereas
storage and wind are related to decreasing costs? For the low-cost scenario, where the assumptions
for $/kW (from 2020-2030) come from?



Responseto Reviewers Comments

We'd like to thank the editor and reviewers for the comments and feedback, we have revised the
manuscript and also posted below our point-to-point response to the comments.

Reviewer #2 (Remarksto the Author):

This manuscript studies the future trends and opportunities for the decarbonization of China's
power system through renewable energy and energy storage, with four scenarios considered,
including 1) business as usual scenario (BAU), 2) Low-cost renewables scenario (R), 3) Carbon
constraints scenario (C50), and 4) Deep carbon constraints scenario (C80). Thetopicis
interesting, however, this paper entails notable technical defects as follows. Therefore, itis
recommended not to accept this manuscript in the current form.

Detailed comments:
1) This paper lacks adetailed literature review on the renewable potentias, current profile,
relevant research methods, which are referred to for this study.

Renewable potentials, current profile, relevant research methods are all very important topics,
however, are not the focus of this study. In fact, the author has written two papers to analyze the
spatial and temporal availability of solar and wind resources in China™?:

1. He, Gang, and Daniel M. Kammen. 2014. “Where, When and How Much Wind Is
Available? A Provincial-Scale Wind Resource Assessment for China.” Energy Policy 74:
116-22. https://doi.org/10.1016/j.enpol .2014.07.003.

2. He, Gang, and Daniel M. Kammen. 2016. “Where, When and How Much Solar Is
Available? A Provincial-Scale Solar Resource Assessment for China.” Renewable
Energy 85: 74-82. https://doi.org/10.1016/j.renene.2015.06.027.

The results of these two assessments are used as inputs for provincial solar and wind hourly
capacity factorsin the current model, in addition, both papers are cited as data source.

2) The section ‘Mix of generation capacities and power generation’ presents some arbitrary data
and information without scientific reasoning and process. The authors should present a scientific
procedure with the methodology explained in detail. Based on the procedure, methodology and
data used, then the author can explain the results and findings.

The paper was written in the style suggested by Nature Communications, that is, we present the
results first, and the methods and datain alater section, in which we detailed the description of
the SWITCH-Chinamodel, and our key assumptions. Please refer to the method and data and the
supplementary information sections for more details.

3) This paper also lacks specific information regarding the potentials and requirements for each
type of renewable energy sources, e.g., the installation of wind turbines need to meet certain
requirements such as distance from cities and wind speed etc. Similarly, the utilisation of nuclear
is also stringently constrained. These constrains are not taken into account in this paper.



Similar to our response to comment 1), the resource potential and technical requirements are
assessed in our two resource assessment papers, which provide hourly capacity factor at the
provincial level for SWITCH-China, the model we use for this paper. With regards to nuclear,
we assume Chinawill build as much nuclear capacity as the Chinese government is planning,
about 120GW by 2030.2 We take into account all existing, under construction, and planned
nuclear capacity that will be online by 2030 into our model. We assume that nuclear plants are
run at an average of 85% capacity factor, as reported by China Electricity Council.

4) The writing styleisfar away from scientific writing, e.g, what is the supporting information,
such as data or reference, for the following statement?

‘The costs of solar photovoltaics (PV), wind, and battery storage have decreased rapidly
approximately 65% to 85% since 2010 and are projected to decrease further in the near future *.

The projection numbers are extracted from IRENA and Bloomberg New Energy Outlook 2019,
based on market survey, and consistent with studies from NREL and LBNL. We' ve revised and
added the references for this statement.

“The costs of solar photovoltaics (PV), wind, and battery storage have decreased rapidly. The
global weighted-average L COE of utility-scale solar PV, onshore wind, and battery storage has
fallen by 77%, 35%, and 85% between 2010 and 2018, respectively.*>

Sources:

IRENA. 2019. “Renewable Power Generation Costs in 2018.” Abu Dhabi: International
Renewable Energy Agency. https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/May/IRENA _Renewable-Power-Generations-
Costs-in-2018.pdf.

Logan Goldie-Scot. 2019. Head of Energy Storage. BloombergNEFA.. Behind the Scenes Take
on Lithium-ion Battery Prices, https://about.bnef.com/bl og/behind-scenes-take-lithium-ion-
battery-prices/

5) The language is poor with grammar issues and typos. The title should not be a sentence — use
highlights and extracted words instead.

We have had copy editors work on improving the language, and also proofreading the
manuscript to fix any remaining grammar issues and typos. With respect to the title, we decided
on atitle that captures our key message in the paper. We also follow the Nature Communications
Guide to authors:

“Title. If possible, this should be 15 words or fewer and should not contain technical terms,
abbreviations, punctuation and active verbs.”

Source: https.//www.nature.com/documents/ncommes-submission-gui de.pdf



Reviewer #3 (Remarks to the Author):

Dear authors, the paper entitled * Rapid cost decrease of renewable energy and storage offers an
opportunity to accelerate the decarbonization of China s power system’ isvery interesting since
it suggests that China can have an aggressive transition to a more sustainable electricity matrix
over the next ten years. | believe this study has the potential to be published since it brings novel
results and can influence thinking in the field; however, some assumptions made by the authors
when running the SWITCH-China model should be clarified. Please find below my main
comments.

Thank you so much for the detailed comments and suggestions to improve the manuscript. We
have incorporated your comments in our revision. Please see our response below.

Line 57. The authors affirm that PV, wind, and battery storage costs have decreased rapidly to
approximately 65% to 85% since 2010. Please insert the references and present the assumptions
behind those numbers. For example, what are the technological evidence that shows that the
projected costs for renewable energy and storage systems would decrease over the next 10 years
following the rates assumed in this study?

The projection numbers are extracted from IRENA and Bloomberg New Energy Outlook 2019,
based on market survey, and consistent with studies from NREL and LBNL. We've added the
references for this statement.

“The costs of solar photovoltaics (PV), wind, and battery storage have decreased rapidly. The
global weighted-average L COE of utility-scale solar PV, onshore wind, and battery storage has
fallen by 77%, 35%, and 85% between 2010 and 2018, respectively.”

Sources:

IRENA. 2019. “Renewable Power Generation Costsin 2018.” Abu Dhabi: International
Renewable Energy Agency. https.//www.irena.org/-
Imedia/Files/IRENA/Agency/Publication/2019/May/IRENA _Renewabl e-Power-Generations-
Costs-in-2018.pdf.

Logan Goldie-Scot. 2019. Head of Energy Storage. BloombergNEFA.. Behind the Scenes Take
on Lithium-ion Battery Prices, https://about.bnef.com/bl og/behind-scenes-take-lithium-ion-
battery-prices/

Project costs for renewables and storage are indeed critical for the analysis. The capital costs
assumptions with original datafrom NREL’s Annua Technology Baseline are posted below®”:

Year

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

Solar LBNL Capital Cost ($/kW)

2380

1874

1627

1234

1130

1189

1065

953

853

726

665

608

557

510

467

427

NREL ATB Onshore wind
Capital Cost ($/kW)

1778

1778

1212

941

893

852

816

793

770

747

724

701

678

654

631

608

NREL ATB Storage ($/kW)
(Source: https://atb.nrel.gov/)

1730

1644

1562

1484

1323

1162

1073

984

896

807

718

672

625

579

532

486




Line 71. Please clarify the main assumptions considered during the update process. Moreover,
this study is based on the SWITCH-China model (reference #10), whose structure is not familiar
to everybody. It is not quite clear the difference between this study and the modeling effort
within reference # 10. A brief description of the updates and an additional explanation about the
basic technical assumptions of the model could also be provided in the supplementary material.

We added a summary of the model and key assumptions used. We are also adding atable of
comparison of the update in detail in the supplemental information. Key updates include: power
plants and transmission lines that were built from 2010-2015 by technology, fuel costs,
transmission lines.

Lines 95-108. The presented results make sense under the statements of the paper. The fact that
the cost of renewables would constantly decrease explains the increasing share of renewablesin
the energy matrix. However, it lacks a better explanation of how and why the different energy
sources increase/decrease their participation in the capacity mix for the four scenarios. In my
opinion, the results are too descriptive and lack technical discussion, even if avery brief one. For
example, take one type of renewable source (PV, for instance) and then briefly describe which
kind of technology evolution justifies an increasing share of thistype of renewable sourcein
China s electricity matrix.

Does the model consider private and government investment capacities over the next 10 years?
Asyou know, wind and solar power plants are related to very high CAPEX per installed MW.
The fact that the future OPEX (mainly fuel cost) isreduced in BAU and R scenarios does not
necessarily mean that these savings in brownfield plants would be promptly available to be
invested in new greenfield projects. Please clarify how the SWITCH-China model deals with
possible limitations in investment capacity until 2030.

Considering the resource limits and operation constraints, and other technical and policy
constraints, the levelized cost of electricity (LCOE) of different technology at different provinces
at different periods is the fundamental driver of where, when and, why certain technol ogies get
built. We added some analysis and technical discussion on the evolution of the LCOE in our
model.

Line 101. Typos: ‘inceasying’, ‘ capcities’, ‘ storage cpcities'.

We fixed those typos and proofread the whole manuscript to fix any remaining typo and
grammar iSsues.

Lines 124-130. Indeed, the prevalence of wind and solar as the basis of China's electricity matrix
will bring a great challenge when considering the possibility of blackouts/power shortages. The
study suggests that batteries and natural gas as a backup plan is the possibility presented in the
study, which makes sense. The emissions of such alternatives, however, can be higher when
compared to other renewable sources. Were the LCA emissions of such systems considered in
the calculations of CO2 mitigation targets of scenarios R50 and R807? Please make it clearer in
the manuscript.

We added below discussion on storage:



“There is uncertainty around the deployment of large scale storage capacity to integrate
renewables. Our results show that in the R scenario, the power system would require307 GW of
storage capacity to provide about 250 TWh of energy exchanges (charge/discharge). In the C80
scenario about 525 GW of storage capacity is needed to provide about 388 TWh of energy from
storage in 2030. Storage is being used about 2.2 and 2 hours per day to provide the 250 and 388
TWh of storage in the R and C80 scenarios.

Pumped hydro capacity in Chinain 2015 was about 25 GW, and has been expanding very
quickly. It is estimated to have 100 GW, at least 80 GW by 2025, and potentially up to 130 GW
by 2030.2 In this case, assuming these pumped hydro installed capacities, to reach 307 GW
capacity of storage under the R scenario in 2030, it would require a177 GW of battery storage.
With the increase of battery efficiency and performance, the needed storage capacity is expected
to be smaller. Deploying storage capacity in such alarge scale, in acomparatively short time,
would amount to an ambitious annual 11.8 GW capacity added during the period studied. Supply
chain and life cycle management, economics of storage and policy support are essential to spur
the large-scale deployment in order to make such transition happen.”

The paper uses the fuel emission factor as guided by China s National Development and Reform
Commission® for emission calculation as posted below:

Coal: 25.41 kgC/GJ (93.17 kgCO,/GJ)

Natural Gas: 15.32 kgC/GJ (56.22 kgCO,/GJ)

Qil: 21.10 kgC/IGJ (77.37 kgCO/GJ)
We did not consider life-cycle emissions of such systems rather focusing on the emissions of fuel
combustions for two reasons: First, the LCA emissions of solar and wind technologies are
comparatively small, mean value reported at 34.1gCO2-eq/kWh and 49.9gCO2-eq/kWh for wind
and solar, respectively, according to a meta review.™® Second, the Intended Nationally
Determined Contributions (INDCs), used as baselines for this study, have not yet included LCA
emissions calculations.

Source: NDRC, China Provincial GHG Emission Inventory Guideline. 2011.
http://www.cbcsd.org.cn/s k/nengyuan/standard/home/20140113/downl oad/shengjiwenshiqiti.pd
f

Nugent, Daniel, and Benjamin K. Sovacool. 2014. “ Assessing the Lifecycle Greenhouse Gas
Emissions from Solar PV and Wind Energy: A Critical Meta-Survey.” Energy Policy 65
(February): 229-44. https://doi.org/10.1016/.enpol.2013.10.048.

Lines 141-151. The discussion in chart 5a and 5b makes total sense, however, it lacks some
technical explanation on the assumptions behind the emission and cost reduction curves.

The emissions from all fuel combustion to generate electricity to meet future demand are
summarized, and the costs are the total costs to supply electricity demand under different
scenarios. We added the assumptions in the supplementary information.

Lines 151-156. Please clarify in the manuscript what the cost of conserved CO2 means,
especially when it is negative. What is the reference basis (in terms of energy source) to account
for the avoided carbon in China?



Cost of conserved CO, in this paper means the costs per ton of mitigated CO, compared to the
reference scenario. Thisindicator shows the extra cost to achieve deeper decarbonization
compared to business as usual. A negative cost meansit is actually cheaper to achieve those
carbon mitigations due to the decline of renewable and storage costs.

Lines 162-171. Please see the question raised in the comments of lines 95-108. Also, it would be
interesting to make a parallel calculation on how many power plants should be built every year
from 2020 to 2030. Would this number be reasonable given the pace of current investment
capacity in the Chinese energy sector?

We added some analysis to incorporate your suggestions. However, we try to make objective
comparison, rather than draw from what may seem arbitrary reasoning to the readers.

Lines 151-155: “The cost of conserved CO, would be -$36/tCO,, -$9/tCO,, and $21/tCO, under
the R scenario, C50 scenario, and C80 scenario, respectively. China has already initiated a
national cap-and-trade program limiting the carbon emissions from the power sector with a
carbon price ranging from 20 RMB/tCO, ($3/tCO,) to 100 RMB/CO; ($14.5/tCO,).”

Lines 175-227. Indeed, there is avery detailed study on the impacts of the scenarios on the
transmission system. The magnitude of power lines and distances among regions of the country
deserves special attention. Given this, please make clear in the manuscript your assumptions for
energy transmission losses and how it is considered in the accountability of carbon emissions.

We added the transmission assumptions into the supplemental information. The average
transmission loss is assumed to be 6%, according to the China Electricity Quick Statistic 2019
published by China Electricity Council.*

Figure 9. Something is wrong with the subtitles.

We checked the subtitles and make sure those are properly displayed.

Line 375. Is not the assumption of 1% of the capital costs with O& M costs for renewable energy
too low? Please cite one or more references that give support to this assumption.

Figure 11. Please clarify why the capital cost of solar systemsis steady (in BAU scenario)
whereas storage and wind are related to decreasing costs? For the low-cost scenario, where the
assumptions for $/kW (from 2020-2030) come from?

We fixed those typos and proofread the whole manuscript to fix any remaining typo and

grammar issues. The operation and maintenance costs are assumed to be 1% of the capital costs,
which are at equivalent level of those by NREL Annual Technology Baseline.® The cost of solar
PV in the BAU scenario are project to 2020 provided by the SunShot Initiative and then stays at



the 2020 level.*? Project costs for renewables and storage are indeed critical for the analysis. The
capital costs assumptions with original data are posted below:

Year

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Solar LBNL Capital Cost ($/kW) 2380 1874 1627 1234 1130 1189 1065 953 853 726 665 608 557 510 467 427

NREL ATB Onshore wind
Capital Cost ($/kW)

1778 1778 1212 941 893 852 816 793 770 747 724 701 678 654 631 608

NREL ATB Storage ($/kW)
(Source: https://atb.nrel.gov/)

1730 1644 1562 1484 1323 1162 1073 984 896 807 718 672 625 579 532 486

References:

1. He, G. & Kammen, D. M. Where, when and how much wind is available? A provincial-scale

wind resource assessment for China. Energy Policy 74, 116-122 (2014).

. He, G. & Kammen, D. M. Where, when and how much solar is available? A provincial-scale

solar resource assessment for China. Renewable Energy 85, 74-82 (2016).

. CNDC & SGERI. National Nulcear Development Plan Research.

http://www.ccchina.org.cn/Detail .aspx?newsl d=28029& T1d=60 (2019).

. IRENA. Renewable power generation costs in 2018. 88 https://www.irena.org/-

/media/Files/IRENA/Agency/Publication/2019/May/IRENA _Renewable-Power-Generations-

Costs-in-2018.pdf (2019).

. BloombergNEF. New Energy Outlook 2019. https://about.bnef.com/new-energy-outl ook/#toc-

download (2019).

. NREL. 2018 Annual Technology Baseline. https://data.nrel .gov/files/89/2018-ATB-data-

interim-geo.xlsm (2018).

. NREL. 2019 Annual Technology Baseline. https://atb.nrel.gov/electricity/2019/files/2019-

ATB-dataxlsm (2019).

. Jia, K. Zheng Sheng’ an: 2030 Wind and Solar Capacity Will Reach 1200GW. China Energy

News (2019).




9. NDRC. China Provincial GHG Emission Inventory Guideline.
http://www.cbcsd.org.cn/s k/nengyuan/standard/home/20140113/downl oad/shengjiwenshiqiti.
pdf (2011).

10. Nugent, D. & Sovacool, B. K. Assessing the lifecycle greenhouse gas emissions from
solar PV and wind energy: A critical meta-survey. Energy Policy 65, 229244 (2014).

11.  CEC. China Electricity Industry Quick Satistic 2019.
http://www.cec.org.cn/d/file/gui huayutongji/tongjxinxi/niandushuju/2020-01-
21/da4b94b0ea26eb4 7bb0304bc44970870.pdf (2020).

12. DOE. SunShot Vision Study. http://energy.gov/sites/prod/files/2014/01/f7/47927 .pdf

(2012).



Reviewers' comments:
Reviewer #2 (Remarks to the Author):

The authors have addressed the raised comments, and the supplementary document is useful to help
the readers to understand the model and the difference from the published work. It is recommended
to accept this manuscript.



Reviewer #3 (Remarks to the Authors):

Dear authors, | believe most of the points raised by me were properly addressed. The
inclusion of the supplementary material is very important to give a more solid explanation
to the readers of your paper, especially for those who doesn’t know SWITCH-China model.
I still believe this paper has potential for publication; however, there were some minor
aspects that were not fully explained in my opinion (GHG accountability and technological
explanation for cost reduction pointed out in your references). Please find below my reply
for all of your answers point-by-point.

Thank you so much for the detailed comments and suggestions to improve the manuscript. We
have incorporated your comments in our revision. Please see our response below.

Line 57. The authors affirm that PV, wind, and battery storage costs have decreased rapidly to
approximately 65% to 85% since 2010. Please insert the references and present the assumptions
behind those numbers. For example, what are the technological evidence that shows that the
projected costs for renewable energy and storage systems would decrease over the next 10 years
following the rates assumed in this study?

The projection numbers are extracted from IRENA and Bloomberg New Energy Outlook 2019,
based on market survey, and consistent with studies from NREL and LBNL. We’ve added the
references for this statement.

“The costs of solar photovoltaics (PV), wind, and battery storage have decreased rapidly. The
global weighted-average LCOE of utility-scale solar PV, onshore wind, and battery storage has
fallen by 77%, 35%, and 85% between 2010 and 2018, respectively.”

Sources:

IRENA. 2019. “Renewable Power Generation Costs in 2018.” Abu Dhabi: International
Renewable Energy Agency. https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-
Costs-in-2018.pdf.

Logan Goldie-Scot. 2019. Head of Energy Storage. BloombergNEFA. Behind the Scenes Take
on Lithium-ion Battery Prices, https://about.bnef.com/blog/behind-scenes-take-lithium-ion-
battery-prices/

Project costs for renewables and storage are indeed critical for the analysis. The capital costs
assumptions with original data from NREL’s Annual Technology Baseline are posted below®’:

Year

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

Solar LBNL Capital Cost ($/kW)

2380

1874

1627

1234

1130

1189

1065

953

853

726

665

608

557

510

467

427

NREL ATB Onshore wind
Capital Cost ($/kW)

1778

1778

1212

941

893

852

816

793

770

747

724

701

678

654

631

608

NREL ATB Storage ($/kW)
(Source: https://ath.nrel.gov/)

1730

1644

1562

1484

1323

1162

1073

984

896

807

718

672

625

579

532




Ok. I believe the question was answered properly. Although the study from
BloombergNEFA is market-based study instead of a scientific one, there might be a deep
survey effort behind those assumptions for battery storage cost learning curve. In my point
of view, the information is good enough to build a future scenario.

Line 71. Please clarify the main assumptions considered during the update process. Moreover,
this study is based on the SWITCH-China model (reference #10), whose structure is not familiar
to everybody. It is not quite clear the difference between this study and the modeling effort
within reference # 10. A brief description of the updates and an additional explanation about the
basic technical assumptions of the model could also be provided in the supplementary material.

We added a summary of the model and key assumptions used. We are also adding a table of
comparison of the update in detail in the supplemental information. Key updates include: power
plants and transmission lines that were built from 2010-2015 by technology, fuel costs,
transmission lines.

Ok, good. I believe those explanations in the supplementary information will help readers
to understand the main structure of the model.

Lines 95-108. The presented results make sense under the statements of the paper. The fact that
the cost of renewables would constantly decrease explains the increasing share of renewables in
the energy matrix. However, it lacks a better explanation of how and why the different energy
sources increase/decrease their participation in the capacity mix for the four scenarios. In my
opinion, the results are too descriptive and lack technical discussion, even if a very brief one. For
example, take one type of renewable source (PV, for instance) and then briefly describe which
kind of technology evolution justifies an increasing share of this type of renewable source in
China’s electricity matrix.

Does the model consider private and government investment capacities over the next 10 years?
As you know, wind and solar power plants are related to very high CAPEX per installed MW.
The fact that the future OPEX (mainly fuel cost) is reduced in BAU and R scenarios does not
necessarily mean that these savings in brownfield plants would be promptly available to be
invested in new greenfield projects. Please clarify how the SWITCH-China model deals with
possible limitations in investment capacity until 2030.

Considering the resource limits and operation constraints, and other technical and policy
constraints, the levelized cost of electricity (LCOE) of different technology at different provinces
at different periods is the fundamental driver of where, when and, why certain technologies get
built. We added some analysis and technical discussion on the evolution of the LCOE in our
model.

Ok. When reading the explanation about the SWITCH-China model it is easier to
comprehend now that these constraints are taken into account as you have an
optimization/minimization algorithm in your simulations.

Line 101. Typos: ‘inceasying’, ‘capcities’, ‘storage cpcities’.



We fixed those typos and proofread the whole manuscript to fix any remaining typo and
grammar issues.
Ok.

Lines 124-130. Indeed, the prevalence of wind and solar as the basis of China’s electricity matrix
will bring a great challenge when considering the possibility of blackouts/power shortages. The
study suggests that batteries and natural gas as a backup plan is the possibility presented in the
study, which makes sense. The emissions of such alternatives, however, can be higher when
compared to other renewable sources. Were the LCA emissions of such systems considered in
the calculations of CO2 mitigation targets of scenarios R50 and R80? Please make it clearer in
the manuscript.

We added below discussion on storage:

“There is uncertainty around the deployment of large scale storage capacity to integrate
renewables. Our results show that in the R scenario, the power system would require307 GW of
storage capacity to provide about 250 TWh of energy exchanges (charge/discharge). In the C80
scenario about 525 GW of storage capacity is needed to provide about 388 TWh of energy from
storage in 2030. Storage is being used about 2.2 and 2 hours per day to provide the 250 and 388
TWh of storage in the R and C80 scenarios.

Pumped hydro capacity in China in 2015 was about 25 GW, and has been expanding very
quickly. It is estimated to have 100 GW, at least 80 GW by 2025, and potentially up to 130 GW
by 2030.2 In this case, assuming these pumped hydro installed capacities, to reach 307 GW
capacity of storage under the R scenario in 2030, it would require a 177 GW of battery storage.
With the increase of battery efficiency and performance, the needed storage capacity is expected
to be smaller. Deploying storage capacity in such a large scale, in a comparatively short time,
would amount to an ambitious annual 11.8 GW capacity added during the period studied. Supply
chain and life cycle management, economics of storage and policy support are essential to spur
the large-scale deployment in order to make such transition happen.”

The paper uses the fuel emission factor as guided by China’s National Development and Reform
Commission® for emission calculation as posted below:

Coal: 25.41 kgC/GJ (93.17 kgCO,/GJ)

Natural Gas: 15.32 kgC/GJ (56.22 kgCO,/GJ)

Oil: 21.10 kgC/GJ (77.37 kgCO,/GJ)
We did not consider life-cycle emissions of such systems rather focusing on the emissions of fuel
combustions for two reasons: First, the LCA emissions of solar and wind technologies are
comparatively small, mean value reported at 34.1gC0O2-eq/kWh and 49.99gC0O2-eq/kWh for wind
and solar, respectively, according to a meta review.*® Second, the Intended Nationally
Determined Contributions (INDCs), used as baselines for this study, have not yet included LCA
emissions calculations.

Source: NDRC, China Provincial GHG Emission Inventory Guideline. 2011.
http://www.cbcsd.org.cn/sjk/nengyuan/standard/home/20140113/download/shengjiwenshiqiti.pd
f



Nugent, Daniel, and Benjamin K. Sovacool. 2014. “Assessing the Lifecycle Greenhouse Gas
Emissions from Solar PV and Wind Energy: A Critical Meta-Survey.” Energy Policy 65
(February): 229-44. https://doi.org/10.1016/j.enpol.2013.10.048.

Indeed, LCA emissions of renewable sources are lower than fossil. On the other hand, the
fuel combustion factor is an incomplete metric since it doesn’t consider the emissions from
the entire carbon footprint. Another observation is related to the emissions of fossil sources.
For example, life-cycle emissions of electricity generation from natural gas, oil and coal, at
an average power plant, range from 200-300 gCO2-eq per MJ (these values are much
higher than the values from your reference 56-93 gCO2/MJ). The reference #9 is not in
English (it is in Chinese, instead) and it was difficult to understand the calculations and
your assumptions in this case. Even not considering the LCA emissions, please clarify the
underlying assumptions as an additional item in the supplementary material; that will help
readers to understand how the calculations of % in carbon reduction were obtained (it
refers to Figure 5, manuscript).

Lines 141-151. The discussion in chart 5a and 5b makes total sense, however, it lacks some
technical explanation on the assumptions behind the emission and cost reduction curves.

The emissions from all fuel combustion to generate electricity to meet future demand are
summarized, and the costs are the total costs to supply electricity demand under different
scenarios. We added the assumptions in the supplementary information.

The inclusion of the supplementary is very important and should be maintained. However,
there is no technical explanation for the cost reduction curves. For example, see Figure 4.
The only explanation you provide is that the cost reduction will follow historical trend. |
believe this is not enough to extrapolate such costs to the future. For example, some
additional information from NREL that justifies the capital cost reduction using technical
explanation about PV, wind, and storage technologies. And what, technically speaking,
justifies the huge cost reduction from BAU to Low Cost scenarios (fig. 4 for example)?

Lines 151-156. Please clarify in the manuscript what the cost of conserved CO2 means,
especially when it is negative. What is the reference basis (in terms of energy source) to account
for the avoided carbon in China?

Cost of conserved CO; in this paper means the costs per ton of mitigated CO, compared to the
reference scenario. This indicator shows the extra cost to achieve deeper decarbonization
compared to business as usual. A negative cost means it is actually cheaper to achieve those
carbon mitigations due to the decline of renewable and storage costs.

Ok.

Lines 162-171. Please see the question raised in the comments of lines 95-108. Also, it would be
interesting to make a parallel calculation on how many power plants should be built every year
from 2020 to 2030. Would this number be reasonable given the pace of current investment
capacity in the Chinese energy sector?


https://doi.org/10.1016/j.enpol.2013.10.048

We added some analysis to incorporate your suggestions. However, we try to make objective
comparison, rather than draw from what may seem arbitrary reasoning to the readers.

Lines 151-155: “The cost of conserved CO, would be -$36/tCO2, -$9/tCO,, and $21/tCO, under
the R scenario, C50 scenario, and C80 scenario, respectively. China has already initiated a
national cap-and-trade program limiting the carbon emissions from the power sector with a
carbon price ranging from 20 RMB/tCO; ($3/tCO;) to 100 RMB/tCO, ($14.5/tCO,).”

Ok.

Lines 175-227. Indeed, there is a very detailed study on the impacts of the scenarios on the
transmission system. The magnitude of power lines and distances among regions of the country
deserves special attention. Given this, please make clear in the manuscript your assumptions for
energy transmission losses and how it is considered in the accountability of carbon emissions.

We added the transmission assumptions into the supplemental information. The average
transmission loss is assumed to be 6%, according to the China Electricity Quick Statistic 2019
published by China Electricity Council.*

Ok.
Figure 9. Something is wrong with the subtitles.

We checked the subtitles and make sure those are properly displayed.
Ok.

Line 375. Is not the assumption of 1% of the capital costs with O&M costs for renewable energy
too low? Please cite one or more references that give support to this assumption.

Figure 11. Please clarify why the capital cost of solar systems is steady (in BAU scenario)
whereas storage and wind are related to decreasing costs? For the low-cost scenario, where the
assumptions for $/kW (from 2020-2030) come from?

We fixed those typos and proofread the whole manuscript to fix any remaining typo and
grammar issues. The operation and maintenance costs are assumed to be 1% of the capital costs,
which are at equivalent level of those by NREL Annual Technology Baseline.® The cost of solar
PV in the BAU scenario are project to 2020 provided by the SunShot Initiative and then stays at
the 2020 level.* Project costs for renewables and storage are indeed critical for the analysis. The
capital costs assumptions with original data are posted below:

Year 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Solar LBNL Capital Cost ($/kW) 2380 1874 1627 1234 1130 1189 1065 953 853 726 665 608 557 510 467 427

NREL ATB Onshore wind

Capital Cost ($/kW) 1778 1778 1212 941 893 852 816 793 770 747 724 701 678 654 631 608

NREL ATB Storage ($/kW)

. . 1730 1644 1562 1484 1323 1162 1073 984 896 807 718 672 625 579 532 486
(Source: https://ath.nrel.gov/)

Ok.

References:




. He, G. & Kammen, D. M. Where, when and how much wind is available? A provincial-scale
wind resource assessment for China. Energy Policy 74, 116-122 (2014).
. He, G. & Kammen, D. M. Where, when and how much solar is available? A provincial-scale
solar resource assessment for China. Renewable Energy 85, 74-82 (2016).
. CNDC & SGERI. National Nulcear Development Plan Research.
http://www.ccchina.org.cn/Detail.aspx?newsld=28029&T1d=60 (2019).
. IRENA. Renewable power generation costs in 2018. 88 https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/May/IRENA_Renewable-Power-Generations-
Costs-in-2018.pdf (2019).
. BloombergNEF. New Energy Outlook 2019. https://about.bnef.com/new-energy-outlook/#toc-
download (2019).
. NREL. 2018 Annual Technology Baseline. https://data.nrel.gov/files/89/2018-ATB-data-
interim-geo.xIsm (2018).
. NREL. 2019 Annual Technology Baseline. https://atb.nrel.gov/electricity/2019/files/2019-
ATB-data.xlsm (2019).
. Jia, K. Zheng Sheng’an: 2030 Wind and Solar Capacity Will Reach 1200GW. China Energy
News (2019).
. NDRC. China Provincial GHG Emission Inventory Guideline.
http://www.cbcsd.org.cn/sjk/nengyuan/standard/home/20140113/download/shengjiwenshigqiti.
pdf (2011). this reference is not in English.

Nugent, D. & Sovacool, B. K. Assessing the lifecycle greenhouse gas emissions from

solar PV and wind energy: A critical meta-survey. Energy Policy 65, 229-244 (2014).



11. CEC. China Electricity Industry Quick Statistic 2019.
http://www.cec.org.cn/d/file/guihuayutongji/tongjxinxi/niandushuju/2020-01-
21/da4b94b0ea26eb47bb0304bc44970870.pdf (2020). this reference is not in English.

12, DOE. SunShot Vision Study. http://energy.gov/sites/prod/files/2014/01/f7/47927 .pdf

(2012).



Responseto reviewer comments
Reviewer #3 (Remarks to the Authors):

Dear authors, | believe most of the pointsraised by me were properly addressed. The
inclusion of the supplementary material isvery important to give a more solid explanation
to thereadersof your paper, especially for those who doesn’t know SWITCH-China model.
| still believe this paper has potential for publication; however, ther e wer e some minor
aspectsthat were not fully explained in my opinion (GHG accountability and technological
explanation for cost reduction pointed out in your references). Please find below my reply
for all of your answer s point-by-point.

Dear reviewer, we appreciated your insightful comments which helped usto improvethe
manuscript. Please see our point-to-point response to your remaining comments.

Thank you so much for the detailed comments and suggestions to improve the manuscript. We
have incorporated your comments in our revision. Please see our response below.

Line 57. The authors affirm that PV, wind, and battery storage costs have decreased rapidly to
approximately 65% to 85% since 2010. Please insert the references and present the assumptions
behind those numbers. For example, what are the technological evidence that shows that the
projected costs for renewable energy and storage systems would decrease over the next 10 years
following the rates assumed in this study?

The historical numbers are extracted from IRENA and Bloomberg New Energy Outlook 2019,
based on market survey, and consistent with studies from NREL and LBNL. We've added the
references for this statement.

“The costs of solar photovoltaics (PV), wind, and battery storage have decreased rapidly. The
global weighted-average L COE of utility-scale solar PV, onshore wind, and battery storage has
fallen by 77%, 35%, and 85% between 2010 and 2018, respectively.”

Sources:

IRENA. 2019. “Renewable Power Generation Costs in 2018.” Abu Dhabi: International
Renewable Energy Agency. https.//www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/May/IRENA _Renewabl e-Power-Generations-
Costs-in-2018.pdf.

L ogan Goldie-Scot. 2019. Head of Energy Storage. BloombergNEFA. Behind the Scenes Take
on Lithium-ion Battery Prices, https://about.bnef.com/blog/behi nd-scenes-take-lithium-ion-
battery-prices/

Future projected costs for renewables and storage are indeed critical for the analysis. The capital
costs ziszsumptions with original datafrom NREL’s Annual Technology Baseline are posted
below™*:



Year

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

Solar LBNL Capital Cost ($/kW)

2380

1874

1627

1234

1130

1189

1065

953

853

726

665

608

557

510

467

427

NREL ATB Onshore wind
Capital Cost ($/kW)

1778

1778

1212

941

893

852

816

793

770

747

724

701

678

654

631

608

NREL ATB Storage ($/kW)
(Source: https://atb.nrel.gov/)

1730

1644

1562

1484

1323

1162

1073

984

896

807

718

672

625

579

532

486

OK. | believethe question was answer ed properly. Although the study from
BloombergNEFA is market-based study instead of a scientific one, there might be a deep
survey effort behind those assumptionsfor battery storage cost learning curve. In my point
of view, the information is good enough to build a future scenario.

The solar and on shorewind costsreduction are based on the IRENA’s most recent cost
report using their global database.

Pg 13 of thereport: “In 2018, around 60 GW of new utility-scale solar PV was
commissioned (with another 34 GW of residential and commercial rooftop solar PV added).
The utility-scale solar PV projects commissioned in 2018 had a global weighted-aver age

L COE of USD 0.085/kWh, which was around 13% lower than the equivalent figurefor
2017. The global weighted-average L COE of utility-scale solar PV hasfallen by 77%
between 2010 and 2018.”

Pg 19 of thereport: “ The global weighted-average L COE of onshore wind projects
commissioned in 2018, at USD 0.056/kWh, was 13% lower than in 2017 and 35% |ower
than in 2010, when it was USD 0.085/kWh. Costs of electricity from onshorewind are now
at thelower end of thefossil fuel cost range.”

BloombergNEFA report offers somerecent market insights which are consistent (in similar
range) with the IRENA study.

IRENA report does not report the costs of storage, we found Bloomber gNEFA offer some
observation. “ The annual price survey has become an important benchmark in the
industry and thefall in prices has been nothing short of remarkable: the volume weighted
aver age battery pack fell 85% from 2010-18, reaching an average of $176/kWh.” While
BloombergNEFA is market-based survey rather than scientific study, it iswidely quoted in
theindustry.

In addition, those are all historical costs, and were only used to indicate the fast costsdrop
and are not the price projections used in the model. The projections are based on L BNL
and NREL’s Annual Technology Baselinereports. Costs projection itself isvery important
and in fact isanother good resear ch topic that need mor e efforts.

Lines 124-130. Indeed, the prevalence of wind and solar as the basis of China’s electricity matrix
will bring a great challenge when considering the possibility of blackouts/power shortages. The
study suggests that batteries and natural gas as a backup plan is the possibility presented in the
study, which makes sense. The emissions of such alternatives, however, can be higher when
compared to other renewable sources. Were the LCA emissions of such systems considered in
the calculations of CO2 mitigation targets of scenarios R50 and R807? Please make it clearer in
the manuscript.

We added below discussion on storage:




“There is uncertainty around the deployment of large scale storage capacity to integrate
renewables. Our results show that in the R scenario, the power system would require307 GW of
storage capacity to provide about 250 TWh of energy exchanges (charge/discharge). In the C80
scenario about 525 GW of storage capacity is needed to provide about 388 TWh of energy from
storage in 2030. Storage is being used about 2.2 and 2 hours per day to provide the 250 and 388
TWh of storage in the R and C80 scenarios.

Pumped hydro capacity in Chinain 2015 was about 25 GW, and has been expanding very
quickly. It is estimated to have 100 GW, at least 80 GW by 2025, and potentially up to 130 GW
by 2030.3 In this case, assuming these pumped hydro installed capacities, to reach 307 GW
capacity of storage under the R scenario in 2030, it would require a177 GW of battery storage.
With the increase of battery efficiency and performance, the needed storage capacity is expected
to be smaller. Deploying storage capacity in such alarge scale, in acomparatively short time,
would amount to an ambitious annual 11.8 GW capacity added during the period studied. Supply
chain and life cycle management, economics of storage and policy support are essential to spur
the large-scale deployment in order to make such transition happen.”

The paper uses the fuel emission factor as guided by China s National Development and Reform
Commission? for emission calculation as posted below:

Coal: 25.41 kgC/GJ (93.17 kgCO,/GJ)

Natural Gas: 15.32 kgC/GJ (56.22 kgCO,/GJ)

Qil: 21.10 kgC/IGJ (77.37 kgCO/GJ)
We did not consider life-cycle emissions of such systems rather focusing on the emissions of fuel
combustions for two reasons: First, the LCA emissions of solar and wind technologies are
comparatively small, mean value reported at 34.1gCO2-eq/kWh and 49.9gCO2-eq/kWh for wind
and solar, respectively, according to a meta review.® Second, the Intended Nationally Determined
Contributions (INDCs), used as baselines for this study, have not yet included LCA emissions
calculations.

Source: NDRC, China Provincial GHG Emission Inventory Guideline. 2011.
http://www.cbcsd.org.cn/s k/nengyuan/standard/home/20140113/downl oad/shengjiwenshiqiti.pd
f

Nugent, Daniel, and Benjamin K. Sovacool. 2014. “ Assessing the Lifecycle Greenhouse Gas
Emissions from Solar PV and Wind Energy: A Critical Meta-Survey.” Energy Policy 65
(February): 229-44. https://doi.org/10.1016/j.enpol.2013.10.048.

Indeed, L CA emissions of renewable sour ces arelower than fossil. On the other hand, the
fuel combustion factor isan incomplete metric sinceit doesn’t consider the emissions from
the entire carbon footprint. Another observation isrelated to the emissions of fossil sources.
For example, life-cycle emissions of electricity generation from natural gas, oil and coal, at
an average power plant, range from 200-300 gCO2-eq per MJ (these values are much
higher than the values from your reference 56-93 gCO2/MJ). Thereference#9isnot in
English (it isin Chinese, instead) and it was difficult to under stand the calculations and
your assumptionsin this case. Even not considering the LCA emissions, please clarify the
under lying assumptions as an additional item in the supplementary material; that will help
readersto under stand how the calculations of % in carbon reduction wer e obtained (it
refersto Figure 5, manuscript).



Thank you for the suggestion, we added a session in the supplementary information to
clarify our assumptions and discuss L CA emissions and their implicationsto the results.
We also updated all the Chinesereference with a blanket (in Chinese) to indicate the sour ce.
For this specific source, this guideline provided by China’s National Development and
Reform Commission (NDRC) for provincial and local gover nmentsto create their emission
inventory, which is already adopted in the practice and therefore are reasonable numbers
to use. Page 15 of the guideline shows the emission factor by fuel type at different industrial
processes dueto difference on car bohydrate oxidation rate. We choose the number s of
power and heat industry by fuel type. The calculation is based on the carbon accounting
and carbon constraint in SWITCH-China model and also copied below.

Carbon Accounting/Cap Constraint

This constraint requires that, for every period, the total carbon dioxide emissions from generation
and spinning reserve provision cannot exceed a pre-specified emission cap. Emissions are
incurred for power generation, provision of spinning reserves, cycling of plants below full load,
and generator start-up.

CARBON_CAP; In every period i, the total carbon emissions
cannot exceed a pre-specified carbon cap
Yp,ter; Opt X hry, X CO, f + carbon_cap; for that period. Total carbon
SP.. x sp penaltv. X CO.. + | emissions areincurred from generation
Lpeppuip.et SPp X SP-P Y 2 (calculated as the plant output O, times the
Yperppuip,ter; DCpr X dc_penalty, X plant heat rate hr,, times the carbon dioxide
€O, f + fuel content for that plant); plus the carbon
Ypeppuipeer; STpe X startup_fuel, X emissions from spinning reserve from

dispatchable and intermediate plants
(calculated as the amount of spinning
reserves provided SP,; times the plant per
unit heat rate penalty for providing spinning
reserve sp_penalty, times the CO; fuel
content for that plant); plus the carbon
emissions from deep-cycling flexible

basel oad and intermediate plants below full
load (calculated as the amount below full
load DC,; times the heat rate penalty for
cycling below full load dc_penalty, timesthe
CO; fuel content); plus the emissions from
starting up intermediate and dispatchable
plants (calcul ated as the capacity started up
since the previous hour STy times the startup
fuel required startup_fuel, times the CO, fuel
content).

co, £, < carbon_cap;




We added below information in the supplementary information:

“3. CO, accounting

The paper uses the fuel emission factors as provided in the China Provincial GHG
Emission Inventory Guideline (in Chinese) released by China’'s National Development and
Reform Commission (NDRC) for emission calculation as posted below:

Coal: 25.41 kgC/GJ (93.17 kgCO,/GJ)

Natural Gas: 15.32 kgC/GJ (56.22 kgCO,/GJ)

Oil: 21.10 kgC/GJ (77.37 kgCO,/GJ)

The total emissions are calculated with sum of plant level emissions from generation and
spinning reserve provision and cannot exceed a pre-specified emission cap if a carbon constraint
isintroduced. ®

We are aware of the importance of the life-cycle assessment (LCA) emissions of different
technologies. The mean value of LCA emissions of solar and wind technologies are reported at
34.19C0O,-eq/kWh and 49.99CO,-eq/kWh for wind and solar, respectively, according to a meta
review.’ In this study, we focus on the direct emissions so to make it more comparable to
China s existing carbon mitigation goals. China's Intended Nationally Determined Contributions
(INDCs) and existing carbon mitigation goals have not incorporated life-cycle carbon
emissions.” Future studies are needed to address the question on how LCA emissions would

impact power capacity expansion.”

Lines 141-151. The discussion in chart 5a and 5b makes total sense, however, it lacks some
technical explanation on the assumptions behind the emission and cost reduction curves.

The emissions from all fuel combustion to generate electricity to meet future demand are
summarized, and the costs are the total costs to supply e ectricity demand under different
scenarios. We added the assumptions in the supplementary information.



Theinclusion of the supplementary isvery important and should be maintained. However,
thereisno technical explanation for the cost reduction curves. For example, see Figure 4.
The only explanation you provideisthat the cost reduction will follow historical trend. |
believe thisis not enough to extrapolate such coststo the future. For example, some
additional information from NREL that justifiesthe capital cost reduction using technical
explanation about PV, wind, and stor age technologies. And what, technically speaking,
justifiesthe huge cost reduction from BAU to Low Cost scenarios (fig. 4 for example)?
Thank you for the suggestion. The projectionsare based on LBNL research and NREL’s
Annual Technology Baselinereports. Costs projection itself isvery important and in fact is
another good resear ch topic that need further efforts. We added below clarification and
justification underlinethe NREL and LBNL s projection in the supplementary information
to support our choice of cost projections.

“Technology adoption, learning-by-doing, economies of scale, and manufacturing
localization are driving the cost decease of wind technology®, and similar effect could be found
in the innovation and cost decease of solar PV, and storage™®. Our capital costs assumptions for

the Low Cost Renewable scenario for solar are a function of our estimates for the LCOE in 2030
expected given historical trends'' and comparable with multiple renewable futures study.**™*

The onshore wind and battery storage capital costs are informed by the 2018 NREL Annual

Technology Baseline study. * ”
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REVIEWERS' COMMENTS:

Reviewer #3 (Remarks to the Author):

Dear authors, | believe that all of my points were properly addressed. The inclusion of the
supplementary material and the additional explanation regarding the GHG emissions and the technical
assumptions behind cost reduction curves were good enough. | believe that this paper is ready for
publication.
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