Share of Energy in Total Final Consumption by Type by Scenario
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Figure 1: Shifting Global Energy Consumption Mix

and solid fuels. at balance is changing
rapidly. By 2050, electricity is expecte
to represent at least one-third of globa
energy use and potentially as much 3:
55%, depending on policy and technolog
outcomes (Figure 1).

is shift re ects broad electri cation across
the economy. Electric vehicles, electri el
industrial processes, data centers, and

distributed energy systems are all contributigond renewable sources are projected to supply
to rising demand. From a testing perspectivieetween 67 and 88% of global electricity
this growth places increasing pressure bg 2035, up from 38% in 2023 (Figure 2).
generation assets, substations, protectios expansion is driven by a combination of
systems, and distribution infrastructure thajovernment policy, energy security concerns,
were not designed for today’s load pro les @and improving economics for renewable

operating dynamics. technologies.

CLEAN AND RENEWABLE While the shift to clean power is essential, it
GENERATION BECOMES THE introduces new challenges for grid stability.
MAJORITY Variable generation from wind and solar

As electricity demand grows, the sources useduires more sophisticated protection, control,
to generate that power are also changing. Cleard coordination across the grid. For testing
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Figure 2. Shift from Traditional to Clean/Renewable Electricity Sources in Any Projected Scenario
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professionals, this means validating systeB ® LAR AND WIND DRIVE

that must operate reliably under a wideRENEWABLE GROWTH

range of load conditions, fault scenarios, a@blar photovoltaic (PV) will be the fastest-
dynamic operating states than in traditionajrowing clean energy source, expanding from
centralized generation models. 14% of global clean electricity generation today

2050

@ solarpPv @ wind @ Hydro B Nuclear | Others**

Figure 3: Solar GPV and Wind Expanding Share of Global Renewable Energy Sources
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Figure 4: Clean Electricity Generation by Global Region

to more than 30% by 2030 and nearly 50% bASIA PACIFIC LEADS CLEAN

2050 (Figure 3). Wind power will also growENERGY DEVELOPMENT

reaching approximately 25% of clean generati@eographically, the energy transition is not

and holding relatively steady beyond that poingvenly distributed. By 2030, the Asia Pacic
region will account for nearly half of all global

e rapid deployment of solar and wind clean electricity generation, with China alone

is supported by declining costs and strorrgpresenting more than two-thirds of that total

policy momentum, particularly in China (Figure 4).

and the European Union. However, these

technologies are inherently intermittent.e region is also projected to have nearly

eir integration into both transmission- double the nuclear electricity-generating capacity

scale and behind-the-meter systems increasfdsurope or North America (Figure 5).

the importance of proper testing of inverters,

protection schemes, grounding systems, amtis concentration of investment reflects

power quality controls. aggressive industrial growth, government
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Figure 5:  Nuclear Electricity Generating Capacity by Global Region
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support, and long-term energy planning. It alddany electrical grids remain under-
underscores the global nature of equipmeimvested and were not designed for high
standards, testing methodologies, and bgmnetrations of distributed and variable
practices. As systems are deployed at sgaleeration. As a result, signi cant capital
in Asia and exported globally, alignment omvestment and policy support will be
testing rigor and performance validatiomequired. From a testing standpoint, this
becomes increasingly important. creates demand for new skill sets, expanded
commissioning scopes, and deeper system-
TECHNOLOGY AND POLICY level understanding rather than asset-by-asset
AS ENABLERS testing alone.
Achieving a cleaner global energy mix will
require more than generation capacity. BattetW HAT THIS MEANS FOR
energy storage systems, advanced endfgyE CTRICAL TESTING
management platforms, and grid modernizatioe convergence of renewable generation,
are all essential enablers (Figure 6). Storagergy storage, and advanced control systems
systems help manage variability, while digitialfundamentally changing how power systems
controls optimize dispatch, protection, andre designed and operated. ese systems must
e ciency across increasingly complex networki&inction as integrated ecosystems rather than

Battery/Storage 46 Grid Capacity
Capacity Y Resiliency oo

+ Current battery storage
technology is not sufficient;
various newer and innovated
technologies in consideration,
including hydrogen storage and
flow batteries

+ Government regulation and
incentives needed in short term
to get new technologies off the
ground and lower costs

“The cost of getting storage
implemented cancels out value prop
of solar. We get requests to price
storage and more times than not, the
costs are too high.”

- Executive Director,
Renewables, Major Utility

“We don't see Ll ion as the longer-
term solution. We've looked at flow
batteries. The future will probably
be a mix of Ll ion, flow batteries,
thermal storage, or hydrogen
storage.”

- VP Global BD, Major Wind
Manufacturer

@)

(@)

@)

@)

* Aging grid and related
components, especially in
transmission, cannot handle
higher and more fluctuating
loads in a future cleaner, more
electrified world

* Investment in grid capacity
and resiliency will be required;
however, there are significant
bottlenecks in new grid
connection projects for
renewables

“Queues are bottlenecked. There’s
not enough supply to go around, but
demand continues to increase. There
are still supply chain constraints, still
transmission constraints.”

- Executive Director,
Renewables, Major Utility

“Majority of the circuits are 30-40
years old. As load increases and
fluctuates, you must account for the
transmission level to connect the
load.”

- Sr. Power Systems Design
Consultant

Figure 6: Key Analysis Findings to Enable a Clean Energy Future
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+ Monitoring & controls for load
balancing and management

* Hybrid, integrated systems
including wind/solar plus storage
to balance load

+ Artificial Intelligence (Al) may
have a significant role

“How to balance and manage the
variability of the resources is critical.
You need smart management.”

- Sales Executive, Major Wind
Manufacturer

“Next markets to be developed

will be storage, grid, and energy
management systems. That is where
complex system integration will have
to come as complexity increases in
the grid.”

- VP Global BD, Major Wind
Manufacturer
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isolated components, and each con guratiotontrol logic, and response under abnorm
can be highly customized. conditions.

Behind-the-meter and microgrid installation€ ONCLUSION

are a clear example. As utilities work througks the energy transition accelerates, demand
grid constraints and connection backlog$or electrical testing will continue to grow, both
large electricity users—including hyperscalevolume and complexity. Firms that invest in
data centers—are increasingly deploying aechnical capability, training, and system-level
site generation and storage to meet near-teexpertise will be well-positioned to support this
power needs. next phase of grid evolution.

These systems often combine natural gas
generation, solar PV, battery energy stora
and sophisticated energy management softwa
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