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Outline

* Brainstorming zero-emissions options for 2050

* Methodology and assumptions

* Major results and conclusions



Electricity decarbonization options

e Carbon capturing and sequestration (questionable)
* Biomass (questionable — emissions, resource?)
* Nuclear and large hydro (achievable, but..)

* Renewables:

* Technically feasible?
* Economically viable?




Strategy

* Evaluate technically and economically
feasible share of renewables in electric
power generation, optimizing:

* Solar arrays and Wind farms capacity &
locations

 UHV grid

* Required storage

* (and/or) back-up capacity (biomass-to-power)

* Optimize transition from the current capacity
to the targeted (optimized on the first step)
structure



Methodology

* Hourly weather data for dynamic evaluation of
renewables potential

* CHN_ELC_PRO model

* Capacity expansion, cost minimizing




Step 1.
Renewables potential
with 1 hour resolution

Based on MERRA-2 data (NASA) of wind speed and solar
radiation from 1980 to 2019



Renewables costs

Photovoltaics Wind turbines

NREL (2018): Datang P.C. (2019),

1 USD/Watt Onshore:

(~6.9 RMB/Watt) 2018: 7.25 RMB/Wiatt
Datang Power Corp 2023: 6.7 RMB/Watt
(2019): Offshore:

2018: 4.5 RMB/Watt  2018: 12 RMB/Watt
2023: 3.5 RMB/Watt  2023: 11.2 RMB/Watt

LCOE assumptions:

5% discount rate, 25 years life span




LCOE for solar PVs in 2018 (1980-2018 average)
~ 2.5-4.6 US cents per KWh (6.9 RMB/USD)

RMB/kWh




LCOE for solar PVs in 2025 (1980-2018 average)
~ 1.4 - 2.6 US cents per KWh (6.9 RMB/USD)

RMB/kWh
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LCOE for solar PVs in 2025 (1980-2018 average)
~ 1.4 - 2.6 US cents per KWh (6.9 RMB/USD)

Interim conclusion:
Solar energy is cheap and abundant
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Selected best locations for on/offshore windfarms
~1.5-25.5 US cents per KWh (6.9 RMB/USD)

Interim conclusion:
Wind energy is similarly cheap and massive
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Step 2.
Optimization of electric
power system in 2050

Using weather data (39-years) and capacity expansion model
CHN_ELC_PRO, balancing version



Why 1h balancing is important?

* Matching Electric Power System structure with
historical weather

* Optimized energy system structure:
e Capacity structure and locations
* Energy storage
* Long-distance power grid

e “Let the weather decide...”*

* Borrowed from Prof. Martin Greiner, Aarhus University talk at OpenMod 2019



Assumptions:
Or what do we know about 20507

* Demand is going to grow
* Electrification trends may induce demand growth



Electricity demand growth assumptions, 2015-2050
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Assumptions:
Or what do we know about 20507

* Demand is going to grow
 Electrification trends may induce demand growth

* Structure of demand is going to change:

* End-use batteries (incl. electric transport) —i.e. more
flexible

e Robotization of industry, transport, etc. —again more
flexible (no day/night shifts, stop and go mode...)

* This will affect the load curve (flexible? manageable?)



Types of demand and the load curve

* Fixed location (same as in 2015), Static
* Location and the level of consumption are fixed

* Optimized location, Static
 Territory/location is to be optimized by the model
* Once built - static

 Fixed location (same as in 2015), flexible within 24h
e Can be shifted within a day
 Territory/location is fixed

* Optimized location, flexible load, minimum 35% a year
* Territory/location is to be optimized by the model
* May vary in time



Electricity demand structure assumptions
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Assumptions:
Or what do we know about 20507

* Most of the new capacities from both ends (demand
and supply) are to be built, the current thermal
power plants capacity will mostly retire



More key assumptions:

* Load curve 2050:
* flat + flexible (40% or 60%) = weather driven

* Intraday storage
* 5100 USD/kWh capacity,
e Operational life: 10 years
* Round efficiency 80%



64 core scenarios

* 3 types of the final demand structure (S, A, F)
* Investment costs (R — current, P — perspective)
e Biomass to power option (T — thermal)

* Limits on investment into UHVDC grid (no limits, 50%,
25%, 10% of cost-optimal)

 Relatively higher (H) or lower (L) reliability of power
system



Modeling long-distance grid
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Power sector capacity structure
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1000 TWh

Power production by technologies
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TWh

Generation profile in 2050
(base on 2018 weather data)

10
5 -
O -

f

Lo
!lmi ‘lmi hIllli ‘IIII! “IIII |||| |||ld B | i\

f

= ||!mni “IIII! ‘Illlf i|||||i

ﬁimi nm’ himimimi i o n

lep

10

O_

li |‘im' i'im “ll\l.nf i'mll In||||\ \Imf |I||Illﬂ ‘llll hlllld“‘mlﬂ hllll \IIIIF I o o S e ‘ﬂ\IIII!ﬂhlni,“ll!j\hl

G4

10

O_

i i | ' n i
!l \IIIIF \IIII‘ hI|||FI \....F l'lnn’ ‘lmi Dl *mi" "nn *un’ i'llllf Y umﬁum_\.g._u&nm \!llli !IIIFI' ilnlf !|||#Fli'!m! \!I

10

O_

[l ﬂ"

] .\ n, h ll il () A
llll" '\““f“\““ﬂ“\““i ‘inl bl \IIII \Illli \Im "\IIIIHMLMW, |||f# !IIII' !III‘ imf i'h

‘llll

Iy

10 -

O -

‘p-. .I'!

== hlllFl ‘Ilnli"ll'hn‘“ nu'“ !ln‘“\

b D T S S
J |IIl{,Em!J!llI{,,F!lll',Jhﬂ{&&'&&&km‘m'I |I!Illl’ |\lm’ \I!Illf IR!nn’ \'.Illf I

ey

10

O_

P'u i, " I'\ R S A T T N T A T T f ﬁ T T T T j T i il
!III ilIlllIi \!Ill‘ !Ill hlll|l \!II!i,,ﬁ!llli,,kllli,jﬁlIli,j!llli,,,l!llli,jhlll{l - 3 ! ! ] A\m’ il"lll'i \!m’ T \I"l

unp

10 -
5 -

T O T | T Y L Y (N
| { | - | il { | | ] | | v | | | o | || || |3
l'...lj!IIIL.E!III!..lj!IIIL..E!IIl'...E!IIIL..5!III'...li!IIlL..‘i!IIIil..!!|Il!..l!!llI!I..!!IIII...!!III!LLLLMM‘LL_EIIIL.ﬁ!III!..lj!IIIL..!IIIL..!IIIL..!III!..‘!!I

)

10 -
5 -

i i) i o n i Mmoo i i i )
LS S O S T || | Y
LT T T T PSR TP T

A A b

‘!Illlll...!IIIE...!IIIE...!III!‘...‘!IIIE...!IIIE‘...!I

bny

10 -
5 -

o !! f\l . gk N
il |\ml’I i'llll'i \IIII lm" llIlIIIFI \Im" ol L ||||Il |\IIIIFI i'im’ |\im me&!n|t..ﬁiiII!!!IIIﬂhn-i..ﬁ!nliﬂl

08g

10 -
5 -

i ,r‘\ o \ ﬂ T . | F\ T T T T T f T f T T A A ﬁ Ii'\ f'\ li'\ P
il \"II Dol llllf |IIIf IIIIF \IIII" I'Im’ \Illlil IIl||| Ililf IIIliif il ‘ / ) ] ‘ .IIILJIIli,,,'IlI!,,jlIli,,,‘hlli,,,lhlli,,,‘EI

10

10
5—
o -

f nl,«plﬂ , Tfffﬁﬁffﬁ Tf ll
il |‘IIII’I iIIII! |‘lm | lmdli ||'||||F |||| |I|||||e \Illlt Doawef “ sl nm |||| IIIII# Nl ilm.hmi Do \IHI

Mo

10

%

I -
li ‘“II!‘ ‘Illli il \nni hInnf ilmi iIIIi! \Illlf Tl |\nm \iliII! 'ln..EMLMLWMJ ‘illllﬂ \Ilili \illii T

D (: — -
[ — [ [
(s | - (=

Hour of month

Process

CURT-D
CURT-S
UHwV2ZELC
ELCZ2UHYV
STGINP
STGOUT
EBIO
EVWNF
EVWNN
ESOL
EHYD
ENUC



Generation profile (Jan 20, 2050)
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Optimized UHVDC grid by scenarios
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UHVDC grid, two selected scenarios
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RMB/kWh

Levelized COSts or electricity
(3-5 US cents per kWh)

No thermal Thermal (T)
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Annual generation profile
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Annual demand profile ("A”)
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Summary of results

* Solar and wind — reach potential

* Interregional grid may significantly reduce balancing
costs

* Demand Side Response (DSR) can significantly reduce
requirement for storage

» Systemwide electricity costs: 3-5 US cents per kWh
with DSR, even with current costs of technologies (in
China)



Summary of results (cont.)

* Zero emissions power sector scenarios for
China are:

e technically feasible

e economically viable and cost competitive

°|s ~100% renewables BAU?



E3YouTube Channel: “CHN_ELC_PRO” (currently updating)

#’ &%  Simulation of zero emission China's Electric Power Sector in 2050

Wﬂ[ﬂiﬁﬁﬁm' . - _ 3views * 6 hours ago
g |l

'15 r&t f The visualization of results from China Electric Power sector Province level optimization model

‘ ‘J CHN_ELC_PRO: - hour-level resolution, 31 regions (provinces). - Weather data is from MERRA-2
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Thank you for your attention!

Oleg Lugovoy*, Jiang Kejun**, Gao Shuo*, Gao Ji*
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Satelllte study for US and India, |n work YouTube channel ”energth”
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Scenario #8: “The Wind and Scenario #7: “The Wind and Scenario #6: “The Wind and Scenario #5: “Windy states - Scenario #4: “Sharing the
the Sun - 10" the Sun - 100" the Sun” 100" Sun - 10"


https://www.youtube.com/channel/UCw4fCrRTozmAqwHY63oLT2A
https://www.youtube.com/watch?v=tPqfE7cgv60&t=101s

