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Context: Solar PV and wind costs are decreasing
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Context: But solar and wind are..
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Source: Deshmukh et al (2017), Lerner et al (2009)
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Context: Terminology

Cost of VRE - Levelized cost of energy (capital and O&M costs,
and resource quality)

Capacity value of VRE — Avoided capital investments in new
conventional generators

Energy value of VRE — Avoided variable fuel and O&M costs of
conventional generators
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Questions

How does the mix of wind and solar affect the energy and
capacity value of VRE?

What is the additional long-run benefit-cost of VRE to India’s
electricity system at different penetration and mixes?
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Application and scenarios

Electricity system — Indian national grid in 2030
VRE capacity targets — 200 GW, 300 GW, 400 GW
Wind-solar mix — 0-100%, 25-75%, 50-50%, 75-25%, 100-0%

System cost of VRE scenarios compared against no-VRE
scenario (0-0%)
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Methodology

VRE resource data

* Land use land cover Different VRE VRE resource
+ Protected areas buildout scenarios - annual time
« Elevation and slope Capacity targets series
« VRE capital costs
VRE Site _ -
itabili N VRE Site VRE Generation
CSOL:I‘:H;:%:::n Selection — ™ Profiles

1) VRE Buildout Cost

* 2014 annual load profile

» 2030 peak demand and ———pm RACES AL

New Conventional 2) New Conventional
Generation / Capacity Buildout Cost

Load Profiles Buildout -
energy forecast S S
l 3) System Operating Cost
+ Existing generation Sysl_em
capacity Operahon_s -
« Constraints on Economic
conventional generation Dispatch

9/7/2017 COST AND VALUE OF WIND AND SOLAR




VRE buildout: Wind and solar PV sites selected on highest
capacity factors; state capacity limited to 15% of target
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VRE buildout: Cost of wind and solar resources — Wind costs
are geographically uneven, but solar PV costs are not
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Benchmarks

® Solar PV auction price 2017

© 'Wind State Electricity Regulatory Commission feed-in tariffs 2016-17
® Wind all-India auction price 2017
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Conventional capacity buildout: Screening curves on
net load after hydro dispatch

A 3001 300
= 200- - 200
o —0GW
o — 200 GW
9 N\ — 300 GW
= 1001 -100 — 400 GW
z
0+ ' ro
0 2500 5000 7500 Net load = Load — wind — solar — mustrun gen
- hydro dispatch
B 1200+ 80000
>
E 900 - -60000
@ z
2 & — Coal
+ 600- 40000 & — CCGT-LNG
a S —CTING
&) <
©
2 3001 - 20000
< o
7
0 2500 5000 7500
Sorted Hour of Year
9/7/2017 COST AND VALUE OF WIND AND SOLAR 11




System operations:
Unit commitment and economic dispatch
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Results: VRE curtailment
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Results: of VRE in total generation
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Results: VRE energy and capacity value
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Results: VRE additional cost
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Decreases for high
wind scenarios
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21

scenarios

-0.5

300 GW 400 GW

200 GW

| OMO0YS
| 00LMO0ES
| 00ZM00CS
| 00EMO0LS
| 00PMOS

| OMO0ES

| GZMGCCS
| 0SLMOGLS
| GCCMGLS
| 00EMOS

| OM00CS

| 0GMOG LS
| 00LMOO0LS
| 0GLMOSS
| 00ZMOS

_—ull IIIII IIII|00

151

-1.0

0_-

T
Tp]

101

COST AND VALUE OF WIND AND SOLAR

INR/kWh of Load

[Te]

- 0.
0.0

200 GW 300 GW 400 GW

. OMOOYS
| 00LAM\OOES
| 00ZM00CS
| 00EMO0LS
| 00PMOS

. OMO0ES

| GLMSCZS
| 0GLMOS LS
| GCCMGLS
| 00EMOS

| OMO0ZS

| OSMOG LS
| 00LMOO0LS
| 0GLMOSS
| 00ZMOS

VRE additional cost — 20% lower VRE costs

Sensitivity analysis

151

5
0
5
9/7/2017

T
o
—

PEOT JO YMIN/ASN
uoneuaws|dw| JYA J0 1509 |[euonippy abeisay




Limitations of the study

No transmission constraints — Value of VRE may reduce with
transmission constraints

No uncertainty/ forecast errors — Integration costs may
iIncrease; greater need for ancillary services; more
curtailment

No storage and demand response — Will reduce curtailment;
need for peaking capacity; Value of VRE will increase

No multiple years data and load shape changes — results
may change e.g. peak load shift to afternoons due to
increased air-conditioning will increase value of solar
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Key messages

= Mix of wind and solar targets significantly affects the
overall cost and value of VRE to the overall system.

= For India’s evening peaking system, VRE is likely to have
low capacity value.

= High share of solar, especially at high penetration of VRE,
leads to high curtailment; may benetfit from diurnal
storage/DR.

= Simulation exercises will enable policymakers to better
understand benefits and costs of VRE.
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Ranjit Deshmukh:
rdeshmukh@lbl.gov; ranjit.deshmukh@berkeley.edu
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