The Trajectory of the Energy Transition
- in Japan and the World

Tomas Kaberger

Executive Board Chair of Renewable Energy Institute, Tokyo
Professor, Director of Energy Area of Advance, Chalmers University of Technology
Fellow of the Swedish Royal Academy of Engineering Sciences



GOOD MORNING, SUNSHINE

The seemingly unstoppable growth of renewable energy is Science’s 2025
Breakthrough of the Year

BY TIM APPENZELLER

ince the Industrial Revolution, human society has run on ancient solar
energy—captured by plants hundreds of millions of years ago, stored in fossil
fuels, and dug and drilled from the earth. But this year momentum shifted
unmistakably toward the energy that streams from the Sun today. Renewable

energy, most of it from sunlight itself or from wind, ultimately driven by the Sun,
overtook conventional energy on multiple fronts.

This year, renewables surpassed coal as a source of electricity worldwide, and solar and
wind energy grew fast enough to cover the entire increase in global electricity use from
January to June, according to energy think tank Ember




Global non-
fossil
electricity
production

2000-2024

Data: Statistical review of World Energy 2025

TWh 10000

## Renewables
## Nuclear

7 500

5000

20002004 2008 20122016 2020 2024



Wind and solar overtake fossil power in the EU for the first time in
2025
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Source: Yearly electricity data, Ember
Other clean includes bioenergy and other renewables. Fossil includes coal, gas and other fossil.
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Japan and the World
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Costs are
falling
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Figure S1 Renewable energy LCOE decline, 2010-2024
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Notes: CSP = concentrated solar power; kWh = kilowatt hour; LCOE = levelised cost of electricity; PV = photovoltaic;
USD = United States dollar.



Renewable electricity more efficient than fuels

Electricity production Electricity utilization
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RMI  source: IEA 1IASA, RMI analysis, Adapted from Prof. Tomas Kaberger. Note: Solar & wind’s 100% efficiency represents the fact that there are no conversion losses
from primary to secondary energy.
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Copernicus Global Climate
Report 2024 confirms last
year as the warmest on
record, first ever above
1.5°C annual average
temperature

Fri, 10/01/2025 - 12:00
Print to pdf

The Copernicus Global Climate Highlights Report
2024, published today, confirms 2024 as the warmest
year on record and the first to exceed 1.5°C above
pre-industrial levels for the annual global average
temperature. Last year was also the warmest for all
continental regions, including Europe, except
Antarctica and Australasia.
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Figure 1: Annual global mean temperature anomalies relative to the 1850-1900 average shown
from 1850 to 2025 for eight datasets as shown in the legend.
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Exposure to protracted low-dose ionizing radiation and incident dementia in a cohort of

Ontario nuclear power plant workers
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Objectives Emcrging evidence suggests that low-dose ionizing radiation increases the risk of neurodegencrative
diseases. Past studies have relied on death data to identify dementia, and these are prone to under-ascertainment
and complicate the estimation of health risks as individuals tend to live with dementia for many years following
onset. We present findings from the first occupational cohart to investigate dementia risk from low-dose radia-
tion using incident outcomes,
Methods This is a retrospective cohort of 60 74 Ontario Nuclear Power Plant workers from the Canadian
National Dase Registry. Personal identifiers were linked 1o Ontario population-based administrative health data.
Incident dementias between 1996 and 2022 were identified using a validated algorithm based on physician, hospi-
tal, and 1 drug data. Individual-level annual estimates of whole-body extemnal ionizing radiation were
derived from personal T ing. The inci of dementia among, these workers was compared to
a random sample of Omtario residents matched by sex, age, and residential area. Internal cobort analysis using
Poisson and lincar excess relative risk (ERR) models, adjusted for sex, attained age, calendar period, and neigh-
borhood income quintile, were used 1 ize the shape of the exp F curve between low-dose
cumulative radistion (lagged 10 years) and incident dementia
Results There were 476 incident dementios and 867 028 person-years of follow-up, The mean whole-body
lifetime scoumulated exposure at the end of follow-up was 11,7 millisieverts (mSv). Workers with cumula-
tive exposure between 50-100 mSv had an increased risk of dementia [RR 1,50, 93% confidence interval (CI)
0.99-2.28] compared 1o those uncxposed. Spline analysis suggested that the dese-response relationship was
nen-linear, The lincar ERR per 100 mSv increase in exposure was 0.704 (95% C1 0.018-1.390),
Conclusion Our findings suggest that low-dose exposmure to ionizing radiation increases the risk of incident

dementia,
Keyterms Carada; dementia incidence; occupatiorsl health; radiation risk.

There is an impertant need to understand the health
effects of ivnizing radiation, as exposure, to some
degree, is obiquitous. Millions worldwide are employed
in occupations where exposures are several orders of
magnitude higher than background levels, highlighting
the importance of assgssing and mitigating potential

cohorts (2). Several swdies have been conducted on
waorkers exposed 1o chronic low-dose radiation in the
nuslear industry, but almost all studies have assessed
the effects on eancer ineidence and mortadity (2). There
is emerging evidence of other adverse health effects of
low-dose fonizing radiation, including cardiovascular
discases {3}, adverse birth outcemes (4), glaucoma (5),

health risks (1). Studics on these workers can help

inforn risks not only in eccupational settings, but also and cataracts (6).
the general population, Indeed, exposurne to low-dose
ionizing radiation [cumolative doses < 100 millisieverts
(mSv}] has been the focus of 2 number of eccupational
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Recent work has implicated jonizing radiation as
a sk factor for newredegenerative diseases, such as
dementia (7). There are several possible pathways
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GOOD MORNING, SUNSHINE

The seemingly unstoppable growth of renewable energy is Science’s 2025
Breakthrough of the Year

BY TIM APPENZELLER

ince the Industrial Revolution, human society has run on ancient solar
energy—captured by plants hundreds of millions of years ago, stored in fossil
fuels, and dug and drilled from the earth. But this year momentum shifted
unmistakably toward the energy that streams from the Sun today. Renewable

energy, most of it from sunlight itself or from wind, ultimately driven by the Sun,
overtook conventional energy on multiple fronts.

This year, renewables surpassed coal as a source of electricity worldwide, and solar and
wind energy grew fast enough to cover the entire increase in global electricity use from
January to June, according to energy think tank Ember
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