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Learning Objectives

e Understand the unique financial characteristics of manufacturing and production businesses,
including asset intensity, capacity utilization, and operating leverage.

e Master key manufacturing KPIs: OEE (Overall Equipment Effectiveness), Contribution
Margin per Unit, Break-even Volume, COGS-to-Revenue ratio, and Inventory Days.

e Build comprehensive manufacturing financial models using , incorporating break-even
analysis, contribution margin waterfalls, and capacity planning.

e Apply the DARE prompting framework to generate production cost analyses, capital
expenditure evaluations, and make-versus-buy decisions.

e Construct bilingual (English/Arabic) manufacturing financial analyses for cross-border

reporting and stakeholder communication.



11.1 Industry Overview: Manufacturing &

Production

Manufacturing represents one of the oldest and most financially complex sectors of the
global economy. Unlike asset-light service businesses, manufacturers commit substantial
capital to plant, equipment, and inventory before generating a single dollar of revenue.
This asset-intensive operating model creates a distinctive financial profile defined by
high operating leverage, sensitivity to capacity utilization, and exposure to raw material
price volatility. Understanding these dynamics is essential for building accurate financial

models with

Reference: Damodaran, A. (2024). 'Margins by Sector (US)." Stern School of Business, NYU. Available at:

pages.stern.nyu.edu/~adamodar/.

Key Financial Characteristics

Asset Intensity and Capital Requirements

Manufacturing businesses are characterized by significant fixed-asset bases. A typical
manufacturer carries property, plant, and equipment (PP&E) equal to 30—-60% of total
assets, compared with 5—15% for technology firms. This asset intensity has profound
implications for financial modeling: depreciation becomes a major non-cash expense,
capital expenditure cycles must be projected carefully, and return on invested capital
(ROIC) is the dominant value-creation metric. According to Damodaran (2024), the

average PP&E-to-assets ratio for US industrial firms stands at approximately 42%.

Volume-Driven Revenue Model

Revenue in manufacturing is fundamentally a function of volume and price: Revenue =
Units Sold x Average Selling Price (ASP). Unlike subscription or fee-based models,
manufacturing revenue scales linearly with production output (up to capacity constraints).

Financial models must therefore capture production volume forecasts by product line,



pricing assumptions including contractual escalation clauses, and capacity limits that

determine the maximum achievable throughput.

Raw Material and Input Cost Exposure

Direct materials typically constitute 40—70% of cost of goods sold (COGS) for
manufacturers. This creates significant exposure to commodity price fluctuations. Steel,
aluminum, resins, semiconductor components, and energy costs can swing by 20-40%
within a single fiscal year. Effective manufacturing models incorporate commodity price
scenarios, hedging assumptions, and supplier contract terms. The ISM Manufacturing
Index provides a monthly gauge of input price trends through its Prices Paid sub-index.

Reference: Institute for Supply Management (ISM). 'Manufacturing ISM Report on Business.' Published monthly at

ismworld.org.
Capacity Utilization and Operating Leverage

The relationship between fixed costs and variable costs defines operating leverage. A
manufacturer with a high proportion of fixed costs (depreciation, lease payments, salaried
maintenance crews) experiences magnified profit swings as volume changes. At 70%
capacity utilization, a factory may barely break even; at 90%, the same factory generates
substantial margins because incremental units only bear variable costs. The Federal
Reserve reports US manufacturing capacity utilization averaged approximately 77-78%
over the 2019-2024 period, with significant cyclical variation.

Reference: Board of Governors of the Federal Reserve System. 'Industrial Production and Capacity Utilization — G.17.’

federalreserve.gov.
Fixed vs. Variable Cost Analysis

Understanding the cost structure is critical for manufacturing financial modeling. The
split between fixed and variable costs determines break-even volume, contribution
margin, and operating leverage. A well-constructed model separates these cost categories

explicitly.

Cost Category Type Examples Typical % of Total
Costs




Direct Materials Variable Raw materials, 35-55%
components, packaging

Direct Labor (Hourly) | Variable Production-line wages, | 10-20%
overtime

Manufacturing Variable Utilities, consumables, 5-10%

Overhead (Variable) freight-in

Manufacturing Fixed Depreciation, plant 10-20%

Overhead (Fixed) lease, insurance

Supervisory & Fixed Plant managers, quality | 5-10%

Salaried Labor engineers

SG&A Mixed Sales commissions 8-15%

(variable), admin

(fixed)

Reference: Horngren, C., Datar, S., & Rajan, M. (2021). Cost Accounting: A Managerial Emphasis, 16th ed. Pearson.

Key Performance Indicators (KPIs)

Manufacturing financial models rely on a set of specialized KPIs that capture operational

efficiency, cost performance, and inventory management. Each KPI below is

accompanied by its formula and interpretation guidance.

1. Overall Equipment Effectiveness (OEE)

OEE is the gold-standard metric for measuring manufacturing productivity. It captures

three independent dimensions of equipment performance in a single composite measure:

Detailed Decomposition:

OEE = Availability x Performance x Quality

Component Formula What It Measures World-Class
Benchmark
Availability Run Time / Planned Unplanned downtime >90%

losses (breakdowns,




Production Time changeovers)

Performance Ideal Cycle Time x Speed losses (slow >95%

Total Count / Run Time | cycles, minor stops)

Quality Good Count / Total Defect losses (rejects, >99.9%
Count rework, scrap)
OEE (Composite) Availability x Overall productive >85%

Performance x Quality | effectiveness

An OEE of 85% is considered world-class for discrete manufacturing. Most plants
operate between 60—75% OEE, indicating significant room for improvement. Each
percentage point of OEE improvement translates directly into additional production
capacity without capital investment. For example, a plant with 70% OEE running 8,000
planned hours annually loses 2,400 productive hours. Improving OEE to 80% recovers

800 hours, equivalent to adding a new shift without hiring.
Reference: Nakajima, S. (1988). Introduction to TPM: Total Productive Maintenance. Productivity Press. See also:
SEMI E10 and E79 standards for OEE measurement.

2. Contribution Margin per Unit

Contribution Margin per Unit = Selling Price per Unit — Variable Cost per Unit

The contribution margin measures how much each unit sold contributes toward covering
fixed costs and generating profit. In multi-product manufacturers, tracking contribution
margin by product line reveals which products are most valuable and which may be
candidates for discontinuation or repricing. A healthy contribution margin ratio
(CM/Revenue) for manufacturers typically ranges from 25-45%, depending on the

degree of value-add in the production process.

3. Break-even Volume

Break-even Volume = Total Fixed Costs / Contribution Margin per Unit

Break-even analysis is fundamental to manufacturing decision-making. It answers the

question: How many units must be produced and sold to cover all costs? Below break-




even, every unit sold generates a loss; above it, every unit contributes to profit. A
manufacturer with $5 million in annual fixed costs and a $50 contribution margin per unit
must sell 100,000 units to break even. This metric drives capacity planning, pricing

strategy, and go/no-go decisions for new product launches.

4. COGS-to-Revenue Ratio

COGS/Revenue = Cost of Goods Sold / Total Revenue

This ratio indicates the gross cost efficiency of production. For manufacturers, COGS
typically represents 55-80% of revenue, leaving a gross margin of 20—45%. Tracking this
ratio over time reveals trends in input cost management, pricing power, and
manufacturing efficiency. A rising COGS/Revenue ratio may signal commodity inflation,
production inefficiencies, or pricing pressure. According to Damodaran (2024), the

median COGS/Revenue for US industrial firms is approximately 68%.

5. Inventory Days (Days Inventory Outstanding)

Inventory Days = (Average Inventory / COGS) x 365

Inventory Days measures how long inventory sits before being sold. For manufacturers,
this includes raw materials, work-in-progress (WIP), and finished goods. A typical range
is 30—120 days depending on production cycle length and supply chain strategy.
Automotive OEMs may carry 45—-60 days, while aerospace manufacturers with long lead
times may carry 120—-180 days. Lower inventory days improve cash conversion but

require robust demand forecasting and lean supply chains.

6. Additional Manufacturing KPIs

KPI Formula Benchmark Range
Scrap Rate Scrap Cost / Total Material Cost | 1-5% (target < 2%)
Yield Rate Good Units / Total Units Started | 92-99%
Capacity Utilization Actual Output / Maximum 75-90%

Possible Output




Labor Productivity Units Produced / Direct Labor Industry-specific

Hours

Maintenance Cost Ratio Total Maintenance Cost / Asset 2-5% of RAV
Value

Revenue Drivers and Product Mix

Manufacturing revenue models must account for multiple product lines with different
volumes, prices, and margins. The product mix directly impacts blended margins and

capacity requirements.

Total Revenue =) (Volume i x ASP i) for each product line i

Key revenue drivers include: (1) unit volume growth, driven by market demand, new
customer acquisition, and market share gains; (2) average selling price trends, influenced
by contractual escalators, competitive dynamics, and raw material pass-throughs; (3)
product mix shifts, as higher-margin specialty products may grow faster or slower than
commodity-grade offerings; and (4) capacity constraints, which set a hard ceiling on

revenue until new investments come online.

Cost Structure and COGS Composition

The cost of goods sold in manufacturing follows a layered structure. Each layer must be

modeled independently because the cost drivers differ.

Direct Materials:

Materials cost = Volume x Bill of Materials (BOM) cost per unit. The BOM lists every
component and raw material required for one unit of product. Material costs fluctuate
with commodity prices and supplier negotiations. A well-structured model ties BOM

costs to commodity price indices.

Direct Labor:

Labor cost = Production hours x Hourly wage rate (plus benefits and overtime

premiums). Labor productivity improvements (learning curves, automation) should be



modeled as a declining hours-per-unit trend. Wright's law suggests that labor cost per unit
declines by a fixed percentage (typically 10-20%) for every doubling of cumulative

production.

Manufacturing Overhead:

Overhead includes both variable elements (utilities, consumables, indirect materials) and
fixed elements (depreciation, plant lease, property taxes, insurance). Overhead allocation
methods (activity-based costing vs. traditional volume-based allocation) can significantly

impact product-level profitability analysis.

Selling, General & Administrative (SG&A):

SG&A encompasses sales force compensation, marketing, corporate administration, and
R&D. For manufacturers, SG&A typically ranges from 8—15% of revenue. Models
should separate the fixed base (admin salaries, office rent) from variable components
(sales commissions, shipping costs).

Reference: Hilton, R. & Platt, D. (2019). Managerial Accounting: Creating Value in a Dynamic Business Environment,

[2th ed. McGraw-Hill.
Manufacturing Sub-Sectors

Discrete Manufacturing

Produces distinct, countable items (automobiles, electronics, appliances, machinery).
Financial models track units, bills of materials, and assembly line efficiency. OEE and
throughput time are critical metrics. Discrete manufacturers often use make-to-order

(MTO) or make-to-stock (MTS) strategies with different working capital implications.

Process Manufacturing

Produces goods through continuous or batch processes (chemicals, food and beverage,
pharmaceuticals, cement). Financial models emphasize yield rates, batch sizes, and
conversion costs. Inventory tracking uses weight or volume rather than discrete counts.

Regulatory compliance costs (FDA, EPA) add an additional fixed cost layer.

Contract Manufacturing (CM/EMS)



Provides manufacturing services to brand owners under contract. Revenue models are

based on cost-plus or fee-per-unit pricing. Key financial characteristics include lower

margins (5-12% EBITDA) but asset-light balance sheets relative to OEMs. Capacity

booking and minimum order quantities (MOQs) drive revenue visibility.

Key Takeaways

Manufacturing is asset-intensive with high operating leverage; small volume changes drive

large profit swings.

OEE is the composite metric that captures availability, performance, and quality in a single

measure.

Cost modeling requires separating fixed vs. variable costs and tracking commodity price

exposure.

Break-even volume and contribution margin per unit are essential for pricing and capacity

decisions.

Sub-sector differences (discrete, process, contract) require tailored model structures.



11.2 Deep-Dive Model: Manufacturing

Financial Analysis with Claude

[Demonstration Example — Hypothetical Data]

In this section, we build a comprehensive manufacturing financial model using Claude.

The model covers a hypothetical mid-size discrete manufacturer, Apex Precision

Components, producing three product lines across two production facilities. All data is

illustrative and designed to demonstrate modeling techniques, not represent any actual

company.

Hypothetical Company Profile

Parameter Value

Company Apex Precision Components (Hypothetical)

Sector Discrete Manufacturing — Engineered Metal
Components

Products Product A (Standard Brackets), Product B
(Precision Gears), Product C (Custom Assemblies)

Facilities Plant 1 (Main, 50,000 sq ft), Plant 2 (Expansion,

25,000 sq ft)

Annual Revenue

$42M (Year 1 projection)

Employees

180 (120 production, 60 admin/sales)

Capital Equipment

$18M net book value




Applying the DARE Framework

The DARE framework (Define, Ask, Refine, Execute) structures our prompting approach
for manufacturing financial analysis. Each component maps to a specific modeling

objective.

DARE Component Manufacturing Application

Define Specify the manufacturing sub-sector, product
lines, cost structure, and time horizon. Include

capacity constraints and OEE baseline.

Ask Request specific outputs: break-even analysis,
contribution margin waterfall, COGS
decomposition, capacity plan, or capital budget for

new equipment.

Refine Add commodity price scenarios, sensitivity
analysis on key variables (volume, yield, ASP),

and multi-period projections.

Execute Generate formatted tables, charts-ready data, and
narrative commentary suitable for board

presentations or lender reporting.

Break-even Analysis

Break-even analysis determines the minimum production volume required to cover all
fixed costs. For a multi-product manufacturer, we calculate weighted break-even using

the blended contribution margin across the product mix.

[Chat Prompt]

I need a break-even analysis for a hypothetical discrete manufacturer
with three product lines. Here are the assumptions [Demonstration Example

— Hypothetical Data]:

Product A (Standard Brackets): ASP $25/unit, Variable Cost $15/unit,



Expected Volume 500,000 units

Product B (Precision Gears): ASP $85/unit, Variable Cost $45/unit,
Expected Volume 120,000 units

Product C (Custom Assemblies): ASP $350/unit, Variable Cost $210/unit,
Expected Volume 30,000 units

Total Annual Fixed Costs: $6.2 million (includes depreciation $1.8M,
plant lease $0.9M, salaried labor $2.1M, insurance/utilities fixed $0.8M,
SGRA fixed $0.6M)

Please calculate: (1) Contribution margin per unit for each product, (2)
Weighted average contribution margin based on expected mix, (3) Break-
even volume in units and revenue dollars, (4) Margin of safety as a

percentage of expected volume. Present results in a clear table format.

Expected Output: A structured break-even table showing contribution margins by product (310, $40,
83140), weighted average CM of approximately 320.15, break-even volume of approximately 307,700 units,
and margin of safety indicating headroom above break-even.

Refinement: Add sensitivity analysis: how does break-even change if raw material costs increase by 5%,

10%, or 15%? Show the impact on each product's contribution margin and the overall break-even volume.

[API Prompt]
{
"model": "claude-sonnet-4-20250514",
"max_tokens": 4096,
"messages": [{

"role": "user",

"content": "Build a break-even model for a hypothetical multi-product
manufacturer [Demonstration Example]. Products: A (ASP $25, VC $15, 500K
units), B (ASP $85, VC $45, 120K units), C (ASP $350, VC $210, 30K
units). Fixed costs: $6.2M. Calculate contribution margins, weighted
break-even, and margin of safety. Return as JSON with arrays for each
product and summary metrics."

}
}

Expected Output: JSON-structured response with product-level contribution margins, blended metrics,

and break-even calculations suitable for programmatic consumption and dashboard integration.



Contribution Margin Waterfall by Product Line

The contribution margin waterfall visualizes how each product line contributes to

covering fixed costs and generating operating profit. This analysis is essential for product

portfolio optimization and pricing strategy.

Metric Product A Product B Product C Total
Revenue $12,500,000 $10,200,000 $10,500,000 $33,200,000
Variable Costs ($7,500,000) ($5,400,000) ($6,300,000) ($19,200,000)
Contribution $5,000,000 $4,800,000 $4,200,000 $14,000,000
Margin

CM Ratio 40.0% 47.1% 40.0% 42.2%

Fixed Costs ($6,200,000)
Operating Profit $7,800,000

Note: Product B (Precision Gears) delivers the highest contribution margin ratio at 47.1%,
suggesting that marketing and capacity resources should prioritize this product line. Product A
generates the largest absolute contribution ($5M) due to volume, making it essential for fixed
cost coverage. This type of product-level analysis helps manufacturers avoid the common mistake

of over-investing in high-volume but low-margin products.

Capacity Planning with OEE

Capacity planning links equipment availability, production rates, and product demand to
determine whether existing assets can meet forecasted volumes. The OEE metric is

central to this analysis.

Effective Capacity = Planned Hours x OEE x Production Rate (units/hour)

[Chat Prompt]

I need a capacity planning analysis for a hypothetical manufacturing

plant with these parameters [Demonstration Example — Hypothetical Data]:



Plant 1: 4 production lines, each available 6,000 hours/year (250 days x
24 hrs)

Current OEE: Line 1: 72%, Line 2: 68%, Line 3: 75%, Line 4: 65%
Production rates: Product A: 120 units/hr, Product B: 40 units/hr,
Product C: 8 units/hr

Demand forecast (next year): A: 550,000 units, B: 140,000 units, C:
35,000 units

Please analyze: (1) Current effective capacity per line, (2) Required
production hours per product, (3) Total capacity utilization, (4)
Identify any capacity bottlenecks, (5) Recommend OEE improvement targets

to avoid capital expenditure on a 5th line.

Expected Output: Detailed capacity model showing each line's effective hours, allocation by product,
utilization rates, and identification of bottleneck lines. Recommendations for OEE targets that would

unlock sufficient capacity to meet demand without new equipment.

Refinement: Model the impact of adding a third shifi vs. investing 82.5M in a new CNC machining center.

Compare the cost per additional unit of capacity for each option.

COGS Optimization: Material Sourcing, Yield, and Scrap

Analysis

Cost of goods sold optimization requires drilling into three interdependent factors: raw
material sourcing costs, production yield rates, and scrap/waste management. Together,

these determine the actual material cost per good unit produced.

Effective Material Cost per Unit = (Raw Material Cost per Unit) / Yield Rate

[Chat Prompt]

Analyze COGS optimization opportunities for a hypothetical metal

components manufacturer [Demonstration Example — Hypothetical Data]:

Current state:

- Steel bar stock: $1,200/metric ton (Tier-1 supplier), consuming 4,500
MT/year

- Aluminum billets: $2,800/MT (spot market), consuming 1,200 MT/year



- Current yield rate: 91% (9% scrap rate)
- Scrap recovery value: $180/MT for steel, $450/MT for aluminum

Alternatives under consideration:

- Tier-2 supplier offers steel at $1,080/MT with 6-month price lock

- Forward contract for aluminum at $2,650/MT for 12 months

- Lean manufacturing initiative projected to improve yield from 91% to
95%

Calculate the annual cost savings from each initiative individually and

combined. Include the net scrap cost impact of yield improvement.

Expected Output: Detailed cost comparison showing savings from supplier switching (3540K), aluminum
hedging ($180K), and yield improvement ($385K+), with combined net COGS reduction and payback

periods.

Capital Budgeting for New Production Line

Manufacturing capital expenditure decisions require rigorous financial analysis because
the investments are large, irreversible, and have multi-year payback horizons. A
comprehensive capital budget evaluates NPV, IRR, payback period, and the impact on

plant-level financials.

[Chat Prompt]

Build a capital expenditure analysis for a hypothetical new automated

production line [Demonstration Example — Hypothetical Data]:

Investment: $4.2M for a new CNC machining and robotic assembly line
- Equipment cost: $3.5M (7-year MACRS depreciation)
- Installation and commissioning: $0.4M

- Training and ramp-up costs: $0.3M

Projected benefits:

- Additional capacity: 80,000 units/year of Product B (ASP $85, VC $42
with automation)

- Current outsourcing cost for overflow: $72/unit for 50,000 units/year

- OEE expected: 82% in Year 1, ramping to 88% by Year 3



- Incremental fixed costs: $380K/year (2 operators, maintenance,

insurance)

Assumptions: WACC 9.5%, tax rate 25%, project life 10 years, terminal

value zero

Calculate: (1) Annual incremental cash flows, (2) NPV at WACC, (3) IRR,
(4) Payback period, (5) Sensitivity table for NPV at different volumes
(60K, 70K, 80K, 90K) and WACCs (8%, 9.5%, 11%).

Expected Output: Complete capital budgeting analysis with annual cash flow projections, NPV of
approximately $3.1M, IRR of approximately 22%, payback of approximately 3.5 years, and sensitivity
matrix.

Refinement: Add a scenario where the new line enables in-sourcing the outsourced units and calculate the

make-vs-buy break-even volume.

[API Prompt]
{
"model": "claude-sonnet-4-20250514",
"max_tokens": 6000,
"messages": [{

"role": "user",

"content": "Generate a 10-year capital budgeting model in JSON for a
hypothetical $4.2M automated production line [Demonstration Example].
Include annual cash flows with MACRS depreciation (7-year), incremental
contribution margin at 80K units (ASP $85, VC $42), fixed costs $380K/yr,
tax rate 25%, WACC 9.5%. Return NPV, IRR, payback, and a sensitivity
table varying volume and discount rate."

}
}

Expected Output: JSON object with 'cashFlows' array (vears 0—10), 'npv', 'irr', 'payback’, and 'sensitivity'

matrix for integration into financial dashboards.

Key Takeaways

e Break-even analysis for multi-product manufacturers requires weighted contribution margin
across the product mix.
e OEE-based capacity planning reveals whether demand can be met with existing assets or

requires capex.



COGS optimization targets three levers: material sourcing, yield improvement, and scrap
recovery.

Capital budgeting for production lines must include ramp-up assumptions, MACRS
depreciation, and make-vs-buy comparisons.

The DARE framework structures manufacturing prompts: Define the production context, Ask

specific analytical questions, Refine with scenarios, Execute for formatted output.



11.3 Quick Reference Prompts for

Manufacturing

This section provides ready-to-use prompts for common manufacturing financial
analyses. Each prompt is labeled for Chat or API use and designed to produce actionable

output.

Prompt 1: OEE Diagnostic Analysis

[Chat Prompt]

I have OEE data for a hypothetical manufacturing line over 12 months
[Demonstration Example — Hypothetical Data]. Availability ranged from 82-
91%, Performance from 85-93%, and Quality from 97-99.5%. Monthly
production hours: 500-520. Please: (1) Calculate monthly OEE and identify
the trend, (2) Decompose losses by category (downtime, speed, defects),
(3) Quantify the revenue impact of bringing each component to world-class
levels (90/95/99.9), (4) Prioritize improvement initiatives by financial

impact.

Expected Output: Monthly OEE trend table, Pareto analysis of losses, financial impact quantification

showing availability improvements yield the largest gain, and a prioritized action plan.

Prompt 2: Break-even and Pricing Strategy

[Chat Prompt]
A hypothetical manufacturer is considering launching a new product
[Demonstration Example]. Estimated variable cost: $62/unit. Fixed cost
allocation: $1.8M/year. Market price range: $85-$110/unit. Calculate
break-even volume at each price point ($85, $90, $95, $1ee, $1e5, $110),
margin of safety at 120,000 projected units, and recommend an optimal

price considering competitive positioning and volume sensitivity.

Expected Output: Break-even table across price points, margin of safety analysis, and pricing

recommendation with sensitivity commentary.



Prompt 3: COGS Decomposition and Benchmarking

[API Prompt]

{
"model": "claude-sonnet-4-20250514",
"max_tokens": 3000,
"messages": [{

"role": "user",

"content": "Decompose the following hypothetical COGS structure
[Demonstration Example]: Total COGS $22.4M, Revenue $33.2M. Components:
Direct Materials $12.8M, Direct Labor $4.5M, Variable Overhead $2.1M,
Fixed Overhead $3.0M. Calculate COGS/Revenue ratio, compare to industry
benchmarks for discrete manufacturing (Damodaran 2024), identify the
largest cost reduction opportunities, and project COGS impact of a 3%
material cost reduction and 5% labor productivity improvement. Return
structured JSON."

3]
}

Expected Output: JSON response with COGS breakdown percentages, benchmark comparison, savings

quantification, and projected COGS under improvement scenarios.

Prompt 4: Capacity Expansion Planning

[Chat Prompt]

A hypothetical plant is running at 87% capacity utilization
[Demonstration Example]. Current demand is growing at 8% annually. The
plant has 4 production lines, each with 6,000 available hours/year and
average OEE of 72%. Three expansion options exist: (1) Improve OEE to 82%
through TPM initiative ($0.4M investment), (2) Add overtime shifts at
1.5x labor cost, (3) Build new production line for $3.8M. For each
option, calculate incremental capacity gained, cost per additional unit,

and years of demand coverage.
Expected Output: Comparative analysis of three capacity options with cost-per-unit economics, showing
TPM improvement as the most capital-efficient first step.

Refinement: Add a phased recommendation: which option to pursue first, second, and third as demand

grows.



Prompt 5: Product Costing and Profitability Analysis

[Chat Prompt]

Build a product costing model for three hypothetical products
[Demonstration Example — Hypothetical Data] using activity-based costing.
Activities: Machine setup (200 setups/year, $800K total), Quality
inspection ($450K, 3,000 inspections), Material handling ($350K, 8,000
moves), Engineering support ($280K, 1,500 hours). Product A uses 40
setups, 800 inspections, 3,000 moves, 200 engineering hours. Product B
uses 100 setups, 1,500 inspections, 3,500 moves, 800 hours. Product C
uses 60 setups, 700 inspections, 1,500 moves, 500 hours. Compare ABC

costing results with traditional volume-based allocation.

Expected Output: Side-by-side comparison showing how ABC reveals true product costs, with Product B

absorbing more overhead than traditional methods suggest, potentially changing profitability rankings.

Prompt 6: Make-vs-Buy Decision Analysis

[Chat Prompt]

Analyze a make-vs-buy decision for a hypothetical component
[Demonstration Example]. Internal manufacturing cost: Variable $38/unit +
allocated fixed $12/unit (total fixed $600K). External supplier quote:
$44/unit with 50,000 minimum order, 2% annual price escalation. Internal
capacity released if outsourced: 4,000 machine hours (can produce $320K
in contribution margin from other products). Annual volume: 50,000 units.
Analyze: (1) Relevant cost comparison (ignore sunk fixed costs), (2)
Opportunity cost of internal capacity, (3) Break-even volume where make

equals buy, (4) Three-year total cost comparison with price escalation.

Expected Output: Decision framework showing that when opportunity cost is included, outsourcing may

be preferred despite the higher per-unit price. Three-year TCO comparison with escalation scenarios.

Prompt 7: Inventory Optimization and Working Capital

[API Prompt]

{
"model"”: "claude-sonnet-4-20250514",

"max_tokens": 3500,



"messages": [{

"role": "user",

"content": "Build an inventory optimization model for a hypothetical
manufacturer [Demonstration Example]. Current inventory: Raw Materials
$3.2M (avg 45 days), WIP $1.8M (avg 12 days), Finished Goods $2.5M (avg
25 days). Total inventory days: 82. COGS: $22.4M. Cost of capital: 9.5%.
Calculate: (1) Carrying cost of current inventory, (2) Target inventory
levels if days reduced to RM 35, WIP 8, FG 18 (total 61 days), (3)
Working capital freed, (4) Annual carrying cost savings, (5) EOQ for top
5 raw materials with ordering costs of $500/order. Return as structured
JSON with recommendations.”

}]
}

Expected Output: JSON model showing current carrying cost (~$712K), target inventory reduction
releasing ~81.4M in working capital, annual savings of ~3133K, and EOQ calculations for key materials.

Prompt 8: Manufacturing Variance Analysis

[Chat Prompt]

Perform a manufacturing variance analysis for a hypothetical plant's

monthly results [Demonstration Example — Hypothetical Data]:

Budget: Production 45,000 units, Direct Materials $540K (12 kg/unit at
$1.00/kg), Direct Labor $270K (0.5 hrs/unit at $12/hr), Variable OH $135K
($3/unit)

Actual: Production 42,000 units, Direct Materials $525K (12.5 kg/unit at
$1.00/kg), Direct Labor $262.5K (0.52 hrs/unit at $12.02/hr), Variable OH
$131K

Calculate: (1) Material price and usage variances, (2) Labor rate and
efficiency variances, (3) Variable overhead spending and efficiency
variances, (4) Volume variance impact on fixed overhead absorption.

Indicate whether each variance is favorable or unfavorable.

Expected Output: Complete variance analysis table with all standard cost variances decomposed,

showing that material usage variance is unfavorable due to higher-than-standard consumption per unit.



Key Takeaways

e OEE diagnostic prompts should request decomposition by component and financial impact
quantification.

e Break-even prompts across multiple price points support data-driven pricing decisions.

e Activity-based costing prompts reveal true product profitability that volume-based methods
obscure.

e Make-vs-buy analyses must include opportunity costs and multi-year price escalation.

e Inventory optimization prompts should quantify carrying costs and working capital freed.



11.4 Manufacturing Financial Modeling

Cheat Sheet

This cheat sheet consolidates the essential formulas, benchmarks, and metrics used

throughout Chapter 11. Keep it as a reference when building manufacturing financial

models with Claude.

Core Manufacturing Formulas

Formula Definition Typical Benchmark
OEE Availability x Performance x World-class > 85%
Quality
Availability Run Time / Planned Production | >90%
Time
Performance (Ideal Cycle Time x Total >95%
Count) / Run Time
Quality Good Count / Total Count >99.9%
Contribution Margin/Unit Selling Price — Variable Cost per | 25-45% ratio

Unit

Break-even Volume

Total Fixed Costs / CM per Unit

Below 70% of capacity

COGS/Revenue Cost of Goods Sold / Revenue 55-80%

Gross Margin (Revenue — COGS) / Revenue 20—45%

Inventory Days (Avg Inventory / COGS) x 365 30-120 days

Capacity Utilization Actual Output / Maximum 75-90%
Possible Output

Scrap Rate Scrap Cost / Total Material Cost | < 2% target

Yield Rate Good Units / Total Units Started | 92-99%

Labor Productivity

Units Produced / Direct Labor

Industry-specific




Hours

Maintenance Cost Ratio Maintenance Cost / Replacement | 2-5% of RAV
Asset Value
Effective Capacity Planned Hours x OEE x Model-specific

Production Rate

Manufacturing Financial Statement Mapping

Income Statement Line

Manufacturing Components

Modeling Notes

Revenue

Units Sold x ASP per product

line

Model by product; include mix
shifts

COGS — Materials

Volume x BOM cost; adjust for
yield

Link to commodity indices

COGS — Labor

Production hours x wage rate

Include overtime premiums

COGS — Overhead

Fixed: depreciation, lease;

Variable: utilities

Separate fixed/variable

Gross Profit Revenue — COGS Monitor gross margin trend

SG&A Fixed admin + variable Typically 8-15% of revenue
commissions

EBITDA Operating profit + depreciation + | 15-25% for manufacturers
amortization

Depreciation MACRS or straight-line on 7-20 year lives typical
PP&E

Capex Maintenance + growth capital 3-8% of revenue annually

Working Capital

Inventory + AR — AP

Monitor cash conversion cycle




OEE Components Quick Reference

OEE Component Losses Captured Common Causes Improvement
Approach

Availability Downtime losses Equipment failures, TPM, SMED,
changeovers, material preventive maintenance
shortages

Performance Speed losses Slow cycles, minor Standard work,
stoppages, operator bottleneck analysis,
inefficiency training

Quality Defect losses Scrap, rework, startup Six Sigma, SPC, root

rejects

cause analysis

Capital Budgeting Methods for Manufacturing

Method Formula Decision Rule Limitation
NPV > CF t/(1+r)"t— Accept if NPV >0 Requires accurate
Initial Investment WACC estimate
IRR Rate where NPV =0 Accept if IRR > WACC | Multiple IRRs possible;
reinvestment
assumption
Payback Years to recover initial | Accept if < target Ignores time value and
investment (typically 3-5 yrs) cash flows after
payback
Profitability Index PV of Cash Flows / Accept if PI > 1.0 Does not capture
Initial Investment project scale
Key Takeaways

e OEE below 85% indicates significant improvement opportunity; prioritize the weakest

component.




e Break-even volume should be well below maximum capacity to provide margin of safety
against demand fluctuations.

e COGS/Revenue ratio is the primary indicator of manufacturing cost efficiency; benchmark
against industry medians.

e Inventory Days above 90 for discrete manufacturers signals potential working capital
optimization opportunity.

e (Capital budgeting should use NPV as the primary decision metric, supplemented by IRR and

payback for communication.
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Glaaall A0S Lladll — Overall Equipment Effectiveness (OEE)
daaluall idla — Contribution Margin

Jalaill 3dads aas — Break-even Volume

deliall deliad) 485 Cost of Goods Sold (COGS)

O3 34l ol — Inventory Days

Aaluy) &l JMaiul — Capacity Utilization

Y 2l Jame — Vield Rate

Ml Jaxa — Scrap Rate

8_pilaall 3 gall — Direct Materials

3_lall Aleall — Direct Labor

Sl e dpeliall callsill — Manufacturing Overhead
3 gall 438 — Bill of Materials (BOM)

zW¥l ks — Production Line

Aaladill 4xd) )l — Operating Leverage

lleud )l el — Capital Expenditure (Capex)

g obuiall DY) — Depreciation (MACRS)

Jadil) st Y — Work-in-Progress (WIP)

e il Jiie aoiaill ilsi—— Make-vs-Buy Analysis
Ll ol e daisll — Activity-Based Costing

Gl AV JidsS — Variance Analysis



