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Overview
The State of California is one of the leading states in the United States in policies aimed at cutting greenhouse gas (GHG) emissions; it adopted a political target of achiving 1990 emission level by 2020 and announced a goal of 80% reduction below the 1990 level by 2050. Short-term policies have been well-defined and California is on track of achieving the 2020 goal. Yet, it is unclear what kind of policies and technological transformation will be needed in order to get to the long-term goal. The commercial and residential sectors contribute to 30% of total energy consumption but only 10% of the total fossil-fuel emissions. We use the CA-TIMES model, an economy-wide bottom-up, technology-rich optimization model, to study the potential role of commercial and residential sectors in mitigating GHG emissions by 2050. We found that the least-cost option of meeting an economy-wide 80 percent emission reduction by 2050, commercial and residential sector energy use will be reduced by 15% and 9% respectively (even with a 70% increase in energy service demand), and end-use GHG emissions in these two sectors are completely eliminated by shifting toward electrification, which is accompanied by the decarbonization of the electricity sector. Efficiency improvement, fuel switching from fossil-based energy sources, predominantly natural gas, to low-carbon electricity, and demand reduction will all play a role in mitigating GHG emissions from these two sectors. We found that elastic demand reduces service demand consumption primarily in space cooling, space heating, and water heating end use. We calculate the costs of mitigation with sensitivity analysis and discuss future work.    
Methodology
The residential and commercial sectors are modeled based on exogenously projected energy service demands that are independent of technology and fuels. The residential sector consists of end-use demand technologies used to satisfy thirteen residential end use service demands, including space heating, space cooling, water heating, lighting, cooking, refrigeration, clothes washing, clothes drying, dish washing, freezer, TV, pool pumps, and miscellaneous for two categories of housing: single and multi-family. Likewise, the commercial sector end-use demand technologies are used in our model to satisfy service demand for cooking, lightning, water heating, refrigeration, space cooling and heating, ventilation, office equipment and miscellaneous across 12 commercial building types: small offices, restaurants, retails, grocery and food stores, warehouses, refrigerated warehouses, schools, colleges and universities, hospitals, hotels and motels, large offices and miscellaneous buildings.
The energy service demands are projected based on assumed drivers including population and floor space projection for commercial sector and number of dwellings, building heating/cooling coefficient, appliance saturation rate, and appliance utilization rate for residential sector.
The model has numerous end-use technologies within each service demand with different charasteristics that can be used to satisfy the demand. Future technology adoption and abatement reply on exogenous and endogenous economic factors (including fuel price changes), consumer choices (represented by hurdle rates), technology availability, and policy choices (such as efficiency standards) to determine total state-wide residential and commercial energy uses over the modeling time horizon to 2050. But the final service demands are endogenously projected based on the elasticities of the demands to fuel prices each year. The model selects technologies to meet energy service demand while minimizing net system cost and satisfying other user defined constraints like policy goals in GHG emission targets. 
We define two scenarios: (1) business-as-usual (BAU) scenario, (2) deep greenhouse gas emissions reduction scenario which meets the economy-wide 80 percent emission reduction by 2050. Moreover, within the deep greenhouse gas emission scenario, the demand response to fuel prices is also considered. The BAU scenario includes all existing policies across all sectors and shows the current consumption trend, while deep GHG scenario has a target of 80% emission reduction by 2050 by putting cap on carbon emission and taking into account different policies.
Results
Our preliminary findings show for getting to the policy goal of 2050, fuel switching plays a very important role. The following figures show that it is necessary to shift toward electrification in both commercial and residential sectors. Fuel use in each sector under different scenarios can be seen in following figures 1through 6. 
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Figure 1. Fuel consumption in residential sector BAU scenario 



 
 



Figure 2. Fuel consumption in residential sector Deep GHG Reduction 
scenario 



 



 
Figure 3. Fuel consumption in residential sector Deep GHG reduction 



Scenario with Elastic Demand 
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Figure 4. Fuel consumption in commercial sector BAU scenario 



 



 
Figure 5. Fuel consumption in commercial sector Deep GHG Reduction 



scenario 
 



 
Figure 6. Fuel consumption in commercial sector Deep GHG Reduction 



scenario with elastic demand  
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Figure 5. Fuel consumption in commercial sector Deep GHG Reduction 
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Figure 6. Fuel consumption in commercial sector Deep GHG Reduction 

scenario with elastic demand  
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From the end-use point of view, shifting toward efficient technologies and eliminating fossil-fuel based appliances are the main actions to be taken. On the other hand, decarbonization in electricity sector is very crucial in getting us to policy goal of 2050. Figures 4 and 5 verify by shifiting to electricity we can eliminate emissions in commercial and residential sectors, this can be done by using renewables and carbon capture and storage technologies in electricity sector. 
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Figure 7. GHG emissions in residential sector 



 
 



Figure 8. GHG emissions in commercial sector 
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Figure 8. GHG emissions in commercial sector 

 

	

!20000$

0$

20000$

40000$

60000$

80000$

100000$

120000$

2005$2010$2015$2020$2025$2030$2035$2040$2045$2050$2055$2060$

K

T

#

C

O

2

#

Residen-al#Emissions#

BAU$

Deep!GHG$

Deep!GHG!ELAS$

!20000$

0$

20000$

40000$

60000$

80000$

100000$

120000$

2005$2010$2015$2020$2025$2030$2035$2040$2045$2050$2055$2060$

K

T

#

C

O

2

#

E

m

i

s

s

i

o

n

s

#

Commercial#Emissions#

BAU$

Deep!GHG$

Deep!GHG!ELAS$


The total emissions from the residential and commercial sectors (with considering electricity sector) decreases by 69 and 53 million tonnes CO2 equivalent, respectively during this period in deep greenhouse gas emissions scenario.  

Acheving the Deep GHG scenario higher lifecycle costs for high efficiency and electrified end-use technologies which costs (our preliminary results show approximately a 10% increase in investment cost, fuel cost, O&M cost). 
Conclusions and Future work
California TIMES model is a least-cost optimization model which assess the least-cost mitigation option to achieve the scenario objective. We model the whole energy system of California and in this study we want to study the role of commercial and residential sectors in 80% greenhouse gas emission reduction by 2050 and identify the possible pathway to achieve this goal. Our preliminary results show that on the demand side (end-use technologies) there is a significant shift towards much more efficient appliances and on the supply side, carbon intensity reductions in the electricity sector are crucial. Overall, supply side decarbonization contributes to more than 80% of GHG emissions reduction. In order to refine our results, we are trying to study source of uncertainties such as fuel prices and hurdle rates by defining new scenarios.  Finally, one should note that due to inertia in the total energy system infrastructure, it is very important to take an action in early years to acheive 80% reduction in greenhouse gas emissions goal.
