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Company 

Overview

Founded in 1946 

by DeLight Breidegam Jr. and 

DeLight Breidegam Sr. 

Largest single-site and 

largest privately-held lead 

battery company 

10,400+ 

employees 
globally 

Markets Served – 
Transportation, 

Motive Power and 
Reserve Power 

On-site 

Recycling – 

Recycled over 
30,000 

batteries a day 
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ELECTRIFICATION OF TRANSPORTATION
Global EV Outlook 2024 Trends in electric cars 
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Electric car registrations and sales share in selected countries and regions, 2015-2023 

 

IEA. CC BY 4.0. 

Notes: BEV = battery electric vehicle; PHEV = plug-in hybrid vehicle. 

Sources: IEA analysis based on country submissions and data from ACEA, EAFO, EV Volumes and Marklines. 
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Global EV Outlook 2024 Outlook for emissions reductions 
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Lifecycle emissions of a medium-sized car by powertrain relative to a gasoline internal 
combustion engine car by region in the Stated Policies Scenario, 2023 

 

IEA. CC BY 4.0. 

Notes: ICEV = internal combustion engine vehicle; HEV = hybrid electric vehicle; PHEV = plug-in hybrid electric vehicle; BEV 
= battery electric vehicle. The year 2023 refers to the first year of use of the vehicle. See annex B for full technical 
assumptions. Additional regional results and the impact of varying assumptions will be available to explore through an 
upcoming online lifecycle analysis (LCA) tool to be made available on the IEA website. 

Sources: IEA analysis based on the Global Energy and Climate Model, IFP, GREET, EV Volumes, Dai et al., Degen et al., 
Frith et al..  

 

The importance of vehicle lifecycle emissions is being increasingly recognised in 

the policy sphere. The EU battery regulation requires a battery passport that 

includes the battery carbon emissions and, in 2023, France announced new 

eligibility rules for EV subsidies. These set a cap on the carbon intensity of vehicle 

production to promote vehicles with lower emissions across their full lifecycle, and 

include the calculation methodology. Elsewhere, the Brazilian government has 

issued a provisional measure to establish a programme that would set minimum 

recycling requirements in vehicle manufacturing and reduce taxes for companies 

with lower pollution and emissions levels. The EU HDV CO2 standards include a 

review clause to evaluate the possibility of developing a common methodology for 

the assessment and reporting of the full lifecycle CO2 emissions of new HDVs.  

Further efforts are needed to decarbonise battery 

manufacturing and the processing of critical minerals  

Battery chemistry plays an important role in defining the lifecycle emissions of EV 

batteries. In order to decarbonise battery manufacturing, policy ambition and 

concerted action to define common LCA methodologies and improve transparency 

will be required across the entire battery supply chain. Initiatives like the battery 

passport are particularly important towards this aim.  
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ELECTRIFICATION OF TRANSPORTATION

xxii 

 

FIGURE ES-4  Per-mile maintenance costs by powertrain  

(*Service intervals that vary by powertrain) 

 

 

 Our analysis also included in-depth examination and modeling of repair cost data for 

real-world vehicles for a variety of powertrain types and size classes. We find that repair cost is 

an increasing exponential function of MSRP and varies significantly by vehicle characteristics; 

scaling factors for the powertrain type and size class of the vehicle of interest are shown in 

Table ES-2. The percent in each cell indicates the ratio of the repair costs for a vehicle with the 

given size class and powertrain to the repair costs of an ICE car with the same MSRP. Larger 

vehicles and AFVs both systematically tend to have lower repair costs as a percentage of MSRP. 

For MHDV, no size class dependence was found, but a difference in M&R costs by powertrain 

was observed, shown in the final row of Table ES-2. 
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Scheduled LDV Maintenance Costs

 Transmission Service*
 Spark Plugs*
 Oxygen Sensor*
 Timing Belt*
 Fuel Filter*
 Engine Air Filter*
 Oil Filter*
 Cabin Air Filter
 Engine Coolant*
 EV Battery Coolant*
 Brake Fluid
 Engine Oil*
 Brake Rotors*
 Brake Calipers*
 Brake Pads*
 Shocks and Struts
 Tire Rotation
 Tires Replaced
 HVAC Service
 Headlight Bulbs
 Accessory Drive Belt*
 Wiper Blades
 Starter Battery
 Multi-Point Inspection

Charging Infrastructure is Still a Challenge

Cost of EVs is Coming Down

2

Source: ANL
Source: ANL
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GROWTH RATE VEHICLE FORECAST THROUGH 2045
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RENEWABLE ENERGY - GLOBAL 

 

Renewables 2024 Chapter 2. Electricity 

Analysis and forecast to 2030 
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Will 2024 be another record year for renewable capacity 

additions following the 60% jump in 2023?  

The main-case forecast expects renewable capacity additions to increase almost 

20% in 2024. This means another record year, but growth will fall below the 60% 

achieved in 2023. Globally, solar PV additions are expected to expand by almost 

20%, wind by 10%, and hydropower by over 85% in 2024. Market developments 

in China are the main (but not the only) reason for relatively slower global 

renewable capacity expansion. 

China’s renewable capacity additions are expected to increase by 20% in 2024 

following the doubling in 2023. However, rapid utility-scale wind and solar PV 

growth last year in China has increased grid integration challenges. In the first 

quarter of 2024, curtailment rates for variable renewable energy (VRE) generation 

increased, although they remained below 3% for both technologies.  

Renewable electricity net capacity additions by country/region, 2023-2024  

 

IEA. CC BY 4.0. 

Notes: ASEAN = Association of Southeast Asian Nations. MENA = Middle East and North Africa. 
 

However, distribution grid constraints have also emerged recently because 

distributed solar PV capacity (including residential, commercial and industrial 

applications) rose to over 260 GW in 2023, more than doubling from 2021. From 

January to August 2024, China’s annual solar PV additions were still almost 30% 

higher than during the same period in 2023 despite ongoing challenges. In June 

2024, China’s National Energy Administration increased the allowed provincial 

curtailment threshold from 5% to 10%, enabling more solar PV capacity to be 

connected.  
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Source: IEA
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USA ELECTRICITY ADDITION

31%

17%
3%

49%

35,800 MW Addition 2023
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Hydro Solar Other
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45,300 MW Addition Projection 2024
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Source: American Public Power Association
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DEMAND AND SUPPLY ISSUE OF RENEWABLES – DUCK CURVE

Renewable Energy Generation is Destabilizing the Grid

2

Source: BCI
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ENERGY STORAGE OPPORTUNITIES
3

Source: KPMG

11



MARKET OPPORTUNITIES FOR LEAD BATTERIES 3

FTM = 25 GWh

BTM = 34 GWh

FTM = 5 GWh

BTM = 7 GWh

Total = 1.5 times      
East Penn Mfg. 

BTM = 18%                
East Penn Mfg.

Source: KPMG
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ELECTRIC VEHICLE CHARGING
3

1,350 Systems with Lead Batteries

1.5 MWh per System 2.0 GWh Lead Battery 

4,500 Systems with Battery Storage

30% Use Lead 1,350 Systems

30,000 Systems

15% Need Battery Storage 4,500 Systems

182,000 ports

6 ports per System 30,000 Systems

Source: DOE – VTO - NREL
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EV FAST CHARGING AT EAST PENN

EV Fast Charging Prototype East Penn Campus – Lyon Station, PA
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TECHNICAL OPPORTUNITIES FOR LEAD BATTERIES

Variability Cycle Life

Design
High Temperature 

Durability

Cost

AGM Compression

Active Material 
Sulfation

Active Material Structure

Positive Grid Alloy

OverchargePotentials

Container Materials

Product Design

Process Design

Systems Design

Raw Materials

Equipment

Human Action
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HEADWIND ANTIMONY SUPPLY
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HEADWIND ANTIMONY SUPPLY
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Reduce Use
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Antimony, $ / Pound, Monthly Average
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?

2015 - 2020

Avg $ = $3.23 / lb

2021 - 2023

Avg $ = $5.50 / lb

Aug 2024
China Announces Partial Export 
Ban on Antimony Eff 9/15/24

Dec 2024
China Announces Full 

Export Ban on Antimony

Early 2024
Markets See First Sign of Supply Tightness on 

Back of China Restricting Other Critical Minerals

Reuters, August 2024

Alternative 

Storage 

Technology

Optimize 
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Open New 
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HEADWIND TARIFFS
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Figure 1. The Effect of Tariffs 

 

Panel A. Output (%)  Panel B. Productivity (%)  

 

 

 

Panel C. Unemployment (ppt)  Panel D. Inequality (ppt)  

 

 

 

Panel E. Real exchange rate (%)  Panel F. Trade balance-to-GDP ratio (ppt) 

 

 

 
Note: The solid line indicates the response of output (real exchange rate, trade balance, labor productivity, 

unemployment, inequality) to a one standard deviation increase in tariff; the dotted lines correspond to 90% 

confidence bands. The x-axis denotes time. t=0 is the year of the change. The estimates are based on equation 

(1). 
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IMF Working Paper 

Research Department 

Macroeconomic Consequences of Tariffs1 

Prepared by Davide Furceri, Swarnali A. Hannan, Jonathan D. Ostry, and Andrew K. 

Rose2  

Authorized for distribution by Jonathan D. Ostry 

January 2019 

Abstract 

We study the macroeconomic consequences of tariffs.  We estimate impulse response functions 

from local projections using a panel of annual data that spans 151 countries over 1963-2014.  

We find that tariff increases lead, in the medium term, to economically and statistically 

significant declines in domestic output and productivity.  Tariff increases also result in more 

unemployment, higher inequality, and real exchange rate appreciation, but only small effects 

on the trade balance.  The effects on output and productivity tend to be magnified when tariffs 

rise during expansions, for advanced economies, and when tariffs go up, not down.  Our results 

are robust to a large number of perturbations to our methodology, and we complement our 

analysis with industry-level data. 

JEL Classification Numbers: F13, O11. 

Keywords: protection, output, productivity, unemployment, inequality, exchange rate, trade 

balance. 

Author’s E-Mail Address: dfurceri@imf.org, sahmed@imf.org, jostry@imf.org, 

arose@haas.berkeley.edu 

1Key output and the data set are available at http://faculty.haas.berkeley.edu/arose. We are grateful to Charles P. 

De Cell and Zhangrui Wang for excellent research assistance. We would like to thank Penny K. Goldberg and 

the participants of the 2018 IMF Annual Research Conference for comments. This working paper is part of a 

research project on macroeconomic policy in low-income countries supported by U.K.’s Department for 

International Development. The views expressed in this paper are those of the authors and do not necessarily 

represent the views of the IMF, its Executive Board, or IMF management.  
2Furceri and Hannan are IMF Research Department; Ostry is IMF Research Department and CEPR; Rose is 

Berkeley-Haas, ABFER, CEPR and NBER. 

IMF Working Papers describe research in progress by the author(s) and are published to 

elicit comments and to encourage debate. The views expressed in IMF Working Papers are 

those of the author(s) and do not necessarily represent the views of the IMF, its Executive Board, 

or IMF management.   

Source: IMF
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HEADWIND TARIFFS 
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Localization and On-shoring Agile Supply Chain

Alternative Materials & 
Components

Strategic Scenario Planning

Countermeasures

Headlines from the WSJ – Feb & Mar 2025
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Innovation

in a collaborative 

environment 

along the supply 

chain

Focus on 

Sustainability

recyclable, and 

sustainable 

materials are a 

key differentiator

Scenario 

based 

Strategies

agile and 

responsive 

supply 

chains to handle 

sudden shifts 

and  disruptions

Invest in R&D

improving 

existing 

technologies but 

also 

identifying novel 

approaches

Diversify 

Material 

Sources

alternative 

materials and 

securing diverse 

suppliers will be 

crucial

KEY STRATEGIES TO 

STAY AHEAD
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