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Questions Answered by Multi-Sectoral Models

What mix of energy transformation, carbon sequestration,
and reduction of overall GHG will achieve net zero? ?

Can we supply the entire energy system, with
renewable power? What are the roles for CCS,
nuclear, hydrogen?

How long can we continue to use coal, gas, and
oil? [Need to drop global coal by around % by
2030 if we are to limit warming to 1.5°C]

How will increased bioenergy use and climate
changes affect food security and water scarcity?

Thermal Cooling,

Hydropowe/ \/rrigat:on

Bioenergy

Thermal

Cooling Needs; \
Hydropower;
Energy Demands;

Wind: Solar

Economics

Human Health

Studies show we need to phase out coal quickly. How do we manage the
effects on communities dependent on fossil industries?
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Coupling with the Global Change Analysis Model (GCAM) to
simulate the interactions between the energy system, water,
agriculture and land use, the economy, and the climate
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Pacific Global Change Analysis Model (GCAM)
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GCAM is a global hierarchical

Model Coverage equilibrium model

b B, » Links Economic, Energy, Land-
32 Energy & v 4 .
/ m;

In a technology-rich model
» Runs to 2100 in 5-year time-

Regions

steps
?Ffe‘;itj‘]gd » Emissions of 16 greenhouse
gases (GHG) and air pollutants
are tracked
» GCAM is a community model:
235 Water : : . .
Basins http://jgcri.github.io/gcam-

doc/toc.html
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Scenario
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Model Equations,
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and Parameters
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Executive Order 14057: Federal Sustainability

Pacific

Nortwest  20S
100% Carbon Pollution-Free 100% Zero-Emission Vehicle Acquisitions by
Electricity by 2030, including 50% 2035, including 100% Light Duty
on a 24/7 basis Acquisitions by 2027

Net-Zero Emissions Operations by
2050, including a 65% Reduction by
2030

Climate Resilient Infrastructure and
Operations

Net Zero Emissions Buildings by 2045, E Net Zero Emissions Procurement by 2050
Including a 50% Reduction by 2032 56
0

Yol Advance Environmental Justice and

Develop a Climate- and Sustainability-
Equity-Focused Operations

Focused Workforce

Accelerate Progress through Domestic
and International Partnerships
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What mix of energy
transformation,
carbon sequestration,
and reduction of
overall GHG will
achieve net zero?
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Global Change
Analysis Model
(GCAM)

d GCAM is widely used by
the international research
community to explore
guestions about energy
transition, water scarcity,
food subsidies, etc.

d A community model
(https://github.com/JGCRI/
gcam-core/releases)

Calvin et al. 2019. GMD

OUTPUTS

Quantity

* Energy production

* Energy consumption

« Agriculture production

* Agriculture consumption
* Water withdrawals

+ Water consumption

* Water supply

Prices

* Energy

* Agriculture & Forestry
* Water

* Fish

* Minerals

INPUTS GCAM
Supply
Supply En_ergy & Water Food, forestry,
+ Resource bases Minerals + Renewable etc.
» Conversion * Coal, Gas, Oil + Groundwater * Crops
technologies P | - Renewables « Desalinated * Livestock
* Agriculture * Electricity « Storage * Forest
technologies * Hydrogen * Bioenergy
Land * Fertilizer + Aquaculture & Emissions
« Mi Fish
Land + Land use & land P inetals . CI - * CO,
» Baseline land cover « Energy Storage rop storage + CHy
productivity * Biophysical “N20
. Base!lne carbon forcing - F-gases
density * Permafrost . S0,
* Land value + Carbon storage 4 .BC
Marketplace (prices and trade) . 0C
Economy * Fossil fuel - Bioenergy < Water . CO
« Population * Electricity  « Crops » Emissions {4———— , NOXx
. Labor force Economy . LIqUIdS . LiVEStOCk * F|5h « NMVOC
« Labor ’ Reg{onal GDP ¢ * Hydrogen - Forest * Minerals « NH3
productivity : ReQ'°|"‘%' -
* Income groups population I
Demand
Demand w
. Demand ' En.ergy & Water Food, forestry,
technologies Minerals - Irrigation etc.
- Behavioral D |- Coal, Gas, Ol « Municipal « Crops
assumptions * Renewables  Industry » Livestock
* Bioenergy « Livestock * Forest
* Electricity - Electricity * Aquaculture &
* Hydrogen + Primary Fish
. Mlnerals . Fenlizer

* ltems in blue text are currently being developed

Trade

* Energy

* Agriculture & Forestry
+ Water

* Fish

* Minerals

Land

* Land use

* Land cover

+ Carbon fluxes

* Permafrost area

Emissions
* Greenhouse gases (GHG)
* Non-GHG emissions




