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Abstract

This evidence-based economic analysis reveals three critical findings on Al data center infrastructure
through 2030:

1. Al data centers will consume 6.7-12% of projected US electricity (325-580 TWh) by 2030,
requiring $360-600B in grid infrastructure investment to support unprecedented computing
demand (DOE & LBNL, 2024a; RAND, 2024).

2. A balanced portfolio approach (60% renewables, 20% natural gas, 15% nuclear, 5% storage)
delivers optimal cost-emissions performance, with renewable sources offering the lowest
generation costs ($26-54/MWh) while conventional sources provide essential reliability (Lazard,
2024; EIA, 2024a).

3. Regional infrastructure needs vary significantly: PJM (Northeast) requires $155-240B with focus
on nuclear and offshore wind; ERCOT (Texas) requires $150-210B emphasizing onshore wind
and solar; WECC (Western) requires $190-280B leveraging hydroelectric and solar resources.
Transmission capacity remains the critical constraint across all regions (S&P Global, 2023;
WECC, 2023; EIA, 2024b).

This analysis addresses three market failures: coordination gaps between Al and energy development
timelines, public goods characteristics of grid reliability, and missing markets for long-term capacity.

Insights

INSIGHT 1: AI Energy Demand Model

My econometric model projects Al energy consumption using: Ey,1 = > (Eqaining T Einference T
Egvernead) * (1 + Guunua)'- This approach captures both current consumption patterns and
exponential growth factors, resulting in projections 22% higher than previous industry
estimates (DOE & LBNL, 2024a; Goldman Sachs, 2025; RAND, 2024).

INSIGHT 2: Transmission ROI




A 1 GW High-Voltage Direct Current (HVDC) transmission line connecting renewable-rich
regions to data center hubs yields a 1.5-3.0 benefit-cost ratio when accounting for congestion
reduction, reliability improvements, and carbon avoidance (Rystad Energy, 2024; DOE,
2024b).

INSIGHT 3: Carbon Abatement Cost Ladder

Carbon reduction strategies show significant cost variation: solar/wind deployment
($20-80/ton COse), gas replacing coal ($30-70/ton COse), and nuclear options ($60-130/ton
CO:e). This quantified abatement cost ladder enables optimal investment sequencing (Lazard,
2024; NREL, 2024; UNECE, 2022).

1. Introduction

The rapid advancement of artificial intelligence presents an extraordinary challenge for energy
infrastructure planning. This research addresses: What is the most cost-effective approach to
meeting Al data center energy demands through 2030?

The economic threat model involves three interconnected market failures:

1. Coordination Failure: Temporal mismatch between Al development (1-3 years) and
energy infrastructure (5-10+ years) (RAND, 2024; WRI, 2021)

2. Public Goods Problem: Grid reliability has public good characteristics, leading to
underinvestment (IEA, 2023; Edison Electric Institute, 2024)

3. Missing Markets: Lack of proper markets for reliability services creates inefficient

resource allocation (EIA, 2024b; Wood Mackenzie, 2024)



2. Al Data Center Energy Demand

Al Datacenter Energy Consumption Forecast
Projected Growth with Al Development Scenarios (2023-2030)
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Key Statistics: AGI Impact Insights:

* 2023 Baseline: 176 TWh (4.4% of US) « AGlI inflection point (2027) triggers exponential growth

* CAGR Base Case: 23.3% « By 2030, Al could consume 6.7-12% of total US electricity

* CAGR High Case: 33.5% « Requires 68+ GW of new power capacity by 2027

« Al Proportion (2023): 14% of datacenter use « Individual AGI training runs could require up to 1 GW

Figure 1. Al Data Center Energy Consumption Forecast My forecast shows diverging paths
based on Al development scenarios, with the high case projecting 580 TWh by 2030 if AGI

development accelerates after 2027. This represents a tripling of current consumption. (Goldman
Sachs, 2025; RAND, 2024; EIA, 2024a)

e Current data centers consumed 4.4% of total US electricity in 2023 (176 TWh) (DOE &

LBNL, 2024a)

e Al workloads account for 14% of data center energy use (DOE & LBNL, 2024a; RAND,
2024)

e RAND Corporation research estimates Al data centers could require 68 GW by 2027
(RAND, 2024)

e [ndividual AGl-scale model training runs could require up to 1 GW in a single location
by 2028 (Goldman Sachs, 2025; RAND, 2024)

3. Comparative Cost Analysis with Current Data

My analysis of the latest 2024 Lazard Levelized Cost of Energy (LCOE) and EIA data reveals
significant variations in cost, reliability, and environmental impact across available energy
sources, as shown in Table 1: Comparative Cost Analysis of Energy Sources (2024 Data).
Wind and solar technologies offer the lowest generation costs ($26-54/MWh) combined with



minimal carbon impact, but their intermittency presents challenges for the constant power
requirements of Al data centers (Lazard, 2024; EIA, 2024a).

4. Economic Analysis of Energy Source Options

My multi-criteria analysis yields three primary energy mix scenarios with distinct economic and
technical profiles. Using a weighted evaluation across reliability metrics (capacity factor,
dispatchability), economic indicators (LCOE, capital requirements), and carbon intensity, the
balanced portfolio (60% renewables) approach provides the optimal combination of reliability,
cost-effectiveness, and emissions reduction. This approach delivers electricity at an average
LCOE of $45-70/MWh while maintaining 85%+ reliability and reducing carbon intensity by
54% compared to the current grid mix. The quantitative analysis demonstrates this approach is
economically superior to both the renewable-dominant and reliability-focused alternatives when
accounting for all three criteria. (Lazard, 2024; IEA, 2023)

5. Regional Infrastructure Requirements

Regional analysis reveals that infrastructure investment needs vary significantly across major US
power markets, with each region requiring tailored strategies based on existing resources,
geography, and market structures. As detailed in Table 2: Regional Infrastructure Investment and
Optimal Energy Mix, the three key regions for Al development—PJM (Northeast), ERCOT
(Texas), and WECC (Western)—require investments of $155-240B, $150-210B, and $190-280B
respectively, with distinct optimal energy mixes.

6. Carbon Emissions Analysis

Emissions modeling demonstrates significant variation in carbon impacts across the three
energy portfolio scenarios, as illustrated in Table 3: Emissions Scenarios for Al
Infrastructure. The current grid mix produces 150-270 million tons CO:e annually with a carbon
intensity of 460 g CO.e/kWh. The renewable-dominant approach achieves the most dramatic
reduction to 30-55 million tons (77% decrease) with carbon intensity of 94 g CO.e/kWh, while
the balanced portfolio offers a 54% reduction to 60-110 million tons at 185 g CO.e/kWh (NREL,
2024; UNECE, 2022).

7. Policy Recommendations
Based on the identified market failures, I recommend three targeted policy interventions:

1. Federal Investment Tax Credits for transmission infrastructure - Addresses positive

externalities not captured in market prices and solves coordination failure (WRI, 2021;
DOE, 2024b)



2. National Transmission Planning authority - Corrects public goods problem by
coordinating planning across state lines and ensuring reliability requirements (IEA, 2023;
DOE, 2024b)

3. Real-time reliability pricing mechanisms - Creates missing markets for flexibility and
reliability services, properly valuing grid stability (EIA, 2024b; DOE, 2024c¢)

8. Conclusion

The unprecedented scale of Al data center energy demand represents both an economic challenge
and opportunity. The required investment of $1.6-2.2 trillion (approximately 0.7% of cumulative
US GDP through 2030) functions as a critical input to unlock the much larger potential
productivity gains from advanced Al systems (RAND, 2024; Rystad Energy, 2024).

Regions with existing robust transmission infrastructure and clean energy resources will have
significant competitive advantages in attracting Al development. Implementation of my balanced
portfolio approach would achieve 54% emissions reduction from baseline while maintaining
required reliability (Rystad Energy, 2024; IEA, 2023).

Infrastructure Investment and Carbon Reduction Timeline
2025-2030 Required Capital Expenditure and Emissions Impact

Key Development Timeline

2025 2026 2027 2028 2029 2030 2031+
Planning Permitting Construction Transmission Renewable Full Capacity Ongoing
AGlI Inflection Expansion Integration Online Expansion
Capital Expenditure by Region ($B) Carbon Emissions Reduction Potential
Renewable
900 75%
WECC Balanced
PIM ERCOT
600 50%
Other Reliability
300 25%
0 0%
$155-240B  $150-210B $190-280B  $65-150B 77% 54% 32%

Key Implementation Insights
« Total Required Investment: $1.6-2.2 trillion (0.7% of cumulative US GDP through 2030)
« Critical Path Element: Transmission capacity is the primary constraint across all regions

« Balanced Portfolio (60% renewables) optimizes cost-reliability-emissions trade-offs

Figure 2. Infrastructure Investment and Carbon Reduction Timeline The capital expenditure
waterfall and carbon reduction comparison above illustrates regional investment requirements
and emissions reduction potential across scenarios, highlighting the balanced portfolio approach
as the most practical path forward. (Rystad Energy, 2024; NREL, 2024; UNECE, 2022)
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Appendix:

Table 1: Comparative Cost Analysis of Energy Sources (2024 Data)

Energy Source LCOE Range | Capacity | Carbon Intensity | Development
($/MWh) Factor (tCO22/MWh) Timeline

Solar PV (Utility) $28-54 20-35% 0.04 1-3 years

Wind (Onshore) $26-50 35-45% 0.01 2-4 years
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Natural Gas $37-79 40-90% 0.37 2-4 years
(Combined Cycle)
Nuclear $131-204 85-93% 0.01 7-15 years
(Conventional)

Small Modular $58-104 90-95% 0.01 5-8 years
Nuclear (projected)

Coal $65-152 40-85% 0.82 3-6 years

Battery Storage (4hr) $125-291 N/A Varies 1-2 years

This comprehensive comparison reveals wind and solar offer the lowest generation costs but
require supplementation with firm capacity resources due to intermittency concerns. (Lazard,
2024; UNECE, 2022)

Table 2: Regional Infrastructure Investment and Optimal Energy Mix

Region | Investment Key Energy Mix Components Regional Constraints
PIM $155-240B Nuclear (35%), Offshore Wind Transmission congestion in
(25%), Solar (20%), Natural Gas Northern VA, aging nuclear
(15%), Storage (5%) fleet
ERCOT | $150-210B | Onshore Wind (35%), Solar (30%), | Extreme weather vulnerability,
Natural Gas (25%), Nuclear (5%), | limited interstate connections
Storage (5%)




WECC | $190-280B

Hydroelectric (25%), Solar (30%),
Wind (20%), Natural Gas (15%),
Nuclear (5%), Storage (5%)

Water constraints, wildfire
risks, long transmission
distances

Regional analysis reveals tailored investment strategies are necessary based on existing resources
and geography, with PJM benefiting from nuclear retention while ERCOT can leverage abundant

wind resources. (S&P Global, 2023; WECC, 2023; Wood Mackenzie, 2024)

Table 3: Emissions Scenarios for AI Infrastructure

Scenario Annual Emissions Carbon Intensity (g | Reduction from
(million tons CO:e) CO:e/kKWh) Baseline
Current Grid Mix 150-270 460 -
(Baseline)
Scenario A (Renewable 30-55 94 T7%
Dominant)
Scenario B (Balanced 60-110 185 54%
Portfolio)
Scenario C (Reliability 90-160 275 32%
Focused)

My emissions modeling demonstrates significant variation between scenarios, with the
renewable-dominant approach achieving 77% reduction but facing reliability challenges, while
the balanced portfolio offers strong emissions benefits with greater reliability. (NREL, 2024;

UNECE, 2022)




Connection to Full Research Document:
This summary highlights key findings from the comprehensive research document Economics of

Al Data Center Energy Infrastructure: Strategic Blueprint for 2030. The full document provides

additional detailed analysis, including:

e Complete mathematical derivation of the energy demand model

Expanded case studies of existing and planned Al data center facilities

Detailed sensitivity analysis across multiple variables

Extended discussion of transmission ROI calculations

Comprehensive policy implementation timeline with stakeholder analysis

Use of LLMs in the Research Process:

Claude 3.7 Sonnet was used solely for formatting and organizational assistance during
preparation of this document. All research, analysis, modeling, and recommendations were
developed independently by the author.


https://docs.google.com/document/d/1ypfF5l-Ihz0wkqmR5Ma5gb1FZvTvp-UtYmM4U2P6FTU/edit?tab=t.0
https://docs.google.com/document/d/1ypfF5l-Ihz0wkqmR5Ma5gb1FZvTvp-UtYmM4U2P6FTU/edit?tab=t.0
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