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Overview

China’s power sector accounts for 25% of the world coal consumption, fully about 13 % of total global carbon
emissions from fossil fuel. Decarbonizing China’s power sector will shape how the country, and to a large extent,
the world, uses energy and addresses pollution and climate change. Integrating variable renewable energy resources
requires power system planning models that run at high temporal and spatial resolution. We first conducted a
provincial level resources assessment using GIS model and capacity factor simulation to explore where, when and
how much wind and solar resources are available. With the these assessments as key inputs, we develop an
integrated planning model of the Chinese power sector, the SWITCH-China model, to analyze the feasibility, costs
and benefits of China’s clean power transition under main energy nuxus scenarios: Reference Scenario, Carbon Cap
Scenario, and Water Constaint Scenario.

Methods

The SWITCH model — a loose acronym for Solar, Wind, Hydro and Conventional generation and Transmission
Investment model — is a modeling tool with which many energy scenarios and policies can be explored. It is a
mixed-integer linear program whose objective function is to minimize the societal cost of meeting projected
electricity demand with generation, storage, and transmission between present day and future target dates to 2030
and 2050. The optimization is subject to reliability, operational, and resource availability constraints, as well as both
existing and possible future climate policies.

Results

We found that China could have a potential wind capacity from 1,300 GW to 2,300 GW, and the annual wind
output could reach 2,000 TWh to 3,500 TWh. The calculated average capacity factor is 0.18, which is lower
compared to what has been reported. This study found that China could have a potential stationary solar capacity
from 5,700 GW to 44,800 GW, distributed solar about 200 GW, and the annual solar output could reach 9,700 TWh
to 78,900 TWh. SWITCH-China model helps identify the least-expensive response to achieving national energy and
climate targets: to reach an 80% reduction in CO emissions by 2050, as proposed by the IPCC, the resulting energy
mix in 2050 would include nuclear (14%), wind (23%), solar (27%), hydro (6%), gas (1%), coal (3%), CCS coal
(26%). This will result in a 37% increase in total power cost over ‘BAU’ scenario. There are major trade-offs
between carbon-oriented policies and water-saving policies.

Conclusions

China’s power sector is in the midst of fast development, and today’s investment decisions will have a large
impact on the country’s ability to achieve its environmental and carbon mitigation goals. SWITCH-China is a
“facilitator” which helps understand how technologies, policies, and investment decisions can be coupled, and
enables a strategic thinking on the future of China’s transition to a low carbon power system that meet the climate
and water constraints at the same time. Concerted action is needed to develop such a system, including introducing a
meaningful carbon price, coordinating the investment decisions, and building the necessary infrastructure for
moving energy around.
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