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California Policy is Driving Significant 
Renewable Adoption 

Official goal of 40% reduction in economy- 
wide GHG emissions by 2030, relative to  
1990 levels, to be accomplished with: 

• 50% renewable electricity 

• Doubling of energy efficiency savings  
in existing buildings 

Net energy metering decision will drive significantly more 
adoption of rooftop PV 

GHG goals head to 80% reduction in economy-wide 
emissions by 2050 
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Several Scenarios Achieve Goals 

2050 goal: 80% below 1990 

Current policies (Reference scenario) are expected to achieve 
2020 goal but fall short of 2030 goal 

Aggressive policies (Early Deployment, Straight Line scenarios) 
will be needed to achieve 2030 and 2050 goals  

2030 goal: 40% below 1990 

2020 goal: 1990 GHG level 
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  Four ‘Pillars’ of GHG Mitigation are 
Needed to Achieve Long-term Reductions  

1. Efficiency and 
Conservation 

Energy use per capita 
(MMBtu/person) 

2. Fuel switching 

Share of electricity & H2 in 
total final energy (%) 

4. Decarbonize 
fuels (liquid & gas) 

Emissions intensity 
(tCO2/EJ) 

3. Decarbonize 
electricity 

Emissions intensity 
(tCO2e/MWh) 

CCS 

* Example from California PATHWAYS results 
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  Four ‘Pillars’ of GHG Mitigation are 
Needed to Achieve Long-term Reductions  

1. Efficiency and 
Conservation 

Energy use per capita 
(MMBtu/person) 

2. Fuel switching 

Share of electricity & H2 in 
total final energy (%) 

4. Decarbonize 
fuels (liquid & gas) 

Emissions intensity 
(tCO2/EJ) 

3. Decarbonize 
electricity 

Emissions intensity 
(tCO2e/MWh) 

CCS 

* Example from California PATHWAYS results 

Three of four main 
pillars fall under 

jurisdiction of the 
California Public 

Utilities 
Commission 

(CPUC) 
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Defining the New Planning Problem 

Capacity planning paradigm has shifted with 
the increasing quantities of variable renewable 
resources 

• RPS targets 

• GHG reduction goals 

The new planning problem  
consists of two related  
questions: 

1. How many MW of dispatchable resources are needed to  
(a) meet load, and (b) meet flexibility requirements on 
various time scales? 

2. What is the optimal mix of new resources, given the 
characteristics of the existing fleet of conventional and 
renewable resources? 
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The Renewable Integration Challenge 

Many studies have highlighted central role of 
renewables in decarbonizing electricity sector 

Primary drivers of renewable integration challenges 
at high penetrations: 

• Renewable oversupply during low load periods 

• Inflexible conventional generation 

• Must-run resources 

• Technical constraints on ramping, minimum stable levels, minimum 
up and down times 

• High costs associated with cycling 

• Small balancing areas or constrained interactions with 
neighboring regions 

Research has shifted to focus on grid integration 
solutions 
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CPUC’S Integrated Resource Plan 

CPUC’s purpose for the IRP: 

• “…reduce the cost of achieving statewide policy goals, particularly with respect 
to GHG abatement, by looking across individual load serving entity (LSE) 
boundaries and resource types and identifying solutions that might not 
otherwise be found…” 

 

Source: CPUC, 
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustr
ies/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC
_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf  

http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
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CPUC’S Integrated Resource Plan 

CPUC’s purpose for the IRP: 

• “…reduce the cost of achieving statewide policy goals, particularly with respect 
to GHG abatement, by looking across individual load serving entity (LSE) 
boundaries and resource types and identifying solutions that might not 
otherwise be found…” 

 

Source: CPUC, 
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustr
ies/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC
_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf  

E3’s RESOLVE 
model 

http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
http://www.cpuc.ca.gov/uploadedFiles/CPUCWebsite/Content/UtilitiesIndustries/Energy/EnergyPrograms/ElectPowerProcurementGeneration/irp/17/CPUC_IRP_Preliminary_RESOLVE_Results_2017-07-19_final.pdf
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RESOLVE Co-optimizes Investment and 
Operational Decisions 

RESOLVE, the renewable energy 
solutions tool developed by E3, is 
a linear program allows portfolio 
optimization across a long time 
horizon (10-20 years) 

Fixed costs capture capital, 
financing, and fixed O&M 
associated with new physical 
infrastructure 

Operational detail focuses on 
primary drivers of renewable 
integration challenges 

RESOLVE may select portfolio 
from a variety of potential 
“solutions,” including: 

• Renewable overbuild 

• Energy storage 

• Advanced demand response 

• Conventional gas generation 

• Gas retrofits 

 

RESOLVE Objective 
Function 

Fixed Costs of New Resources 
• Renewables 
• Energy storage 
• Demand response 
• Thermal 

 

Fixed Costs of New Transmission 

Total System Operating Costs 
• Variable O&M 
• Start costs 
• Fuel costs 
• Carbon 
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Optimal Solution Balances Non-
Renewable Solutions with Overbuild 

11 

In reality, the 
integrated 

resource planning 
question has 
many more 

dimensions than 
shown here 
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Key Model Inputs 

RESOLVE requires detailed inputs 
on both the demand side (load 
forecasts, load modifiers, 
candidate resources) and supply 
side (existing resources, 
candidate resources) 
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RESOLVE & the IRP Scenario Development 
Process 

Each candidate plan, future, and sensitivity represents a lever (or 
combination of levers) that can be adjusted in RESOLVE to capture the 
intention of the scenario 

In each sensitivity 
case, a single fixed 

input to RESOLVE 
is varied to 

evaluate its impact 
on the objective 
function and the 

least-cost portfolio 

For each alternative candidate plan, RESOLVE 
assumes specific resources are added to the 
portfolio for evaluation against the ‘Base’ Plan 
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Summary of RESOLVE Outputs 

RESOLVE produces a variety of outputs that may inform planning 
decisions 

• Incremental resource portfolio (MW) 

• Fixed costs of new investments ($) 

• System-wide operational cost ($) 

• Renewable curtailment (GWh) 

• CAISO GHG emissions (MMTCO2e) 

• CAISO fuel consumption (MMBtu) 

• System-wide GHG emissions (MMTCO2e) 

• System-wide fuel consumption (MMBtu) 

• Shadow prices of key constraints ($ per unit) 
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Preliminary IRP Results:  
Reference Case (50% RPS by 2030) 
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Preliminary IRP Results:  
30 MMT Statewide Case (GHG constrained) 
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Next Steps 

Finalizing reference system plan in next month 

Following issue of reference plan, LSEs begin to develop 
individual IRPs consistent with reference system plan 

Immediate next 
steps for IRP  



Thank You! 

Lakshmi Alagappan, Director (Lakshmi@ethree.com) 

Energy and Environmental Economics, Inc. (E3) 
101 Montgomery Street, Suite 1600 
San Francisco, CA 94104 
Tel 415-391-5100 
http://www.ethree.com 

mailto:Lakshmi@ethree.com
http://www.ethree.com/
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