New Dairy Manufacturing
Project Design Framework

A stage-gate approach to taking a new dairy plant from first idea to validated production — site
and infrastructure, capital, cost modelling, viability and a sustainability-led design path through
feasibility, design and commissioning.
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New Dairy Manufacturing Project Design Framework

Why the early decisions matter most

A new dairy is a large, long-lead, largely irreversible investment. The capital is significant, the lead times run to
years, and once the building, utilities and process route are committed they are extremely costly to change. The
decisions made in the first two stages — feasibility and concept — determine most of the eventual cost,
performance and viability of the plant, long before most of the money is spent. Independent input is never
cheaper, and never more valuable, than here.

1. Purpose and how to use this framework

New dairy plants fail commercially far more often in the decisions made before steel is cut than in the build itself.
Over-stated demand, under-stated capital, the wrong site, the wrong process route, utilities and energy sized for
today not tomorrow, sustainability bolted on at the end, and a commissioning plan treated as an afterthought are
the recurring causes of projects that arrive late, over budget, or short of capacity. This framework sets out the
stage-gate path that keeps those decisions honest: each stage has a clear objective, defined deliverables, and a
decision gate at which the project earns the right to spend the next tranche of money — or is stopped or
re-scoped before the cost of change escalates.

It is written for owners, boards, investors and project sponsors who need a shared map of what a competent,
modern new-dairy project looks like — what to ask for at each stage, where the money goes, how the numbers
are tested, and how site, energy, water and carbon are designed in from the start rather than retrofitted at a
premium.

2. The stage-gate path

A dairy project moves through seven stages. The early stages cost little and remove the most risk; the discipline
is to resist spending on detailed design or equipment until the feasibility and concept gates are genuinely passed.
Stage Objective

Key deliverables Decision gate

Is the business case credible
enough to invest in concept
design?

Establish whether
the project is worth
pursuing

Market & volume assessment, site &
infrastructure review, outline process
route, indicative CAPEX/OPEX, high-level
model, key risks

1. Feasibility

2. Concept / Fix the scope, Mass & energy balance, block layout, Is the concept technically

outline capacity and capacity basis, utilities & energy strategy, sound and within the capital

design process route Class 4 estimate (£30%) envelope?

3. Detailed Define exactly P&IDs, GA drawings, equipment specs, Is the design complete,

design what will be built automation/MES scope, hygienic-design compliant and firmly costed?
review, Class 2 estimate (+15%)

4. Convert design Tender packages, vendor selection, firm Are firm prices and lead times

Procurement into firm contracts quotations, contract terms, programme within budget and schedule?

5. Build and install Civil works, building, plant installation, Is the plant installed and

Construction
& installation

6. Commissi
oning

safely to
specification

Prove the plant

runs and is clean

services, QA/inspection records

Dry & wet commissioning, CIP proving,

performance runs, snag close-out
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Does it meet design
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criteria?
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Stage Key deliverables Decision gate

7. Validation Prove it makes Process validation, product trials, Is production validated,

& handover compliant product documentation, training, handover documented and owned by
repeatably operations?

The cost of change rises steeply across these stages. A scope change at feasibility costs a meeting; the
same change during construction can cost weeks and six figures.
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lllustrative dairy factory process schematic — reception, pasteurising, separation, UHT, storage, cheese, evaporation, drying, CIP and filling.
Every line and tank shown depends on the site, utilities and effluent decisions made early.
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3. Site selection & infrastructure

Where a dairy is built, and what infrastructure it can draw on, is decided at feasibility — and is among the hardest
things to change later. Site and services constraints have ended more dairy projects than process problems ever
have. Power, water and effluent capacity in particular must be confirmed with the network and water authorities
early, because their connection costs and lead times can decide whether a site is viable at all.

Factor What has to be assessed

Location & logistics Proximity to milk supply and to customers/markets; road access and transport cost; labour
availability and skills; local planning support; land for a future phase two

Ground & site Ground conditions and bearing capacity, flood risk, drainage, contamination, orientation,
biosecurity and site security

Power supply & Grid connection capacity, cost and lead time; supply resilience and standby for critical loads;
generation on-site generation and CHP; and the much larger electrical capacity needed if heat is
electrified — engage the network operator early

Gas supply Natural-gas availability and capacity for heat/steam, or its absence (which pushes toward
electrification or biogas); biogas from on-site digestion; provision for future fuel switching

Water supply Quantity and security of supply (mains or borehole), the quality and treatment needed for
process and potable use, and resilience against interruption

Effluent & trade Dairy effluent is high-strength; on-site treatment and/or a trade-effluent consent are usually
waste required, with charges that materially affect operating cost; anaerobic digestion can cut load
and recover energy

Solid waste & Packaging and general-waste routes, zero-to-landfill targets, and valorising side-streams
by-products (whey, permeate, sludge) into product or energy rather than disposal

Build your silos on site — don’t ship air. Large shop-built tanks shipped from a factory move mostly empty volume, plus abnormal-load
haulage and craneage. Field-erecting silos on the plinth removes that cost and lifts the practical size limit — a decision that belongs in site
and infrastructure planning.

Confirm power, water and effluent capacity with the authorities at feasibility stage. These are the
constraints most likely to add cost, delay a programme, or rule a site out entirely — and the ones most often
discovered too late.
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4. Capital requirements (CAPEX categories)

A realistic capital figure is built bottom-up across the categories below, not guessed as a rate per litre. The
categories most often under-estimated are utilities and energy, automation, and contingency.

Category What it covers

Land & site Acquisition, access, drainage, ground works, planning

Buildings & civil Process hall, hygienic floors and finishes, warehousing, offices, external works
Process plant & Reception, separation, pasteurisation, evaporation, drying, fermentation, filling and
equipment packing as applicable

Tanks & tank farm Silos, process and CIP tanks, pipework, valve matrices

Utilities & energy centre Heat/steam, refrigeration, compressed air, water treatment, electrical supply &

distribution, effluent treatment, renewables

Automation & MES Control system, instrumentation, SCADA/MES, data, traceability

Professional fees Design, project management, validation, legal, planning, environmental

Working capital Raw materials, consumables, stock and cash to reach steady-state operation
Contingency An allowance scaled to the estimate class — larger early, smaller as design firms up

5. Cost modelling & viability assessment

Capital is only half the picture; viability depends on production cost and return. A sound model links a process
mass and energy balance to costs and revenue, and reports — and stress-tests — the following:

* Production cost per unit — raw material, energy, labour, packaging, overheads and depreciation.

* Yield and losses — the single biggest lever on dairy profitability; losses made explicit.

* Energy cost & carbon — a major, volatile cost, modelled alongside carbon exposure.

» Capital efficiency — capital cost per unit of capacity, benchmarked against comparable plants.

* Return metrics — payback, net present value (NPV) and internal rate of return (IRR) over asset life.

* Sensitivity & scenarios — how return moves with milk price, energy cost, throughput, price and capital
over-run.

6. Sustainability & green credentials

For any dairy built today, sustainability is a primary design driver that shapes capital cost, operating cost and
market access — customers, lenders and regulators increasingly require a credible decarbonisation path, and
the cheapest place to build one in is at design stage. Dairy processing is energy- and water-intensive, so the
choices below have a direct and lasting effect on both cost and carbon.

Lever High-level design opportunities

Energy & heat Regenerative heat exchange on pasteurisation; mechanical vapour recompression (MVR)
recovery on evaporators; heat recovery from refrigeration, compressors and dryers; heat pumps to
upgrade low-grade heat; high-efficiency thermal design
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Lever High-level design opportunities

Decarbonising heat Electrified heat (heat pumps, electrode/electric boilers), low-carbon or green steam, and
biogas; designing the energy centre for future fuel-switching

Renewable & on-site  Solar PV, wind where viable, anaerobic digestion to biogas/CHP, power purchase
energy agreements; electrical infrastructure sized for a renewable-led operation

Water stewardship Recovery and re-use of condensate and evaporator/dryer “cow water”, CIP water recovery
cascades, rainwater harvesting, lower water use per litre

Refrigeration Natural refrigerants (ammonia, CO2) for low global-warming-potential and F-gas
compliance, with heat-recovering design

Effluent & Anaerobic digestion for biogas and reduced load; valorising whey, permeate and
by-products side-streams; nutrient recovery; zero-to-landfill
Carbon & reporting Measuring and minimising Scope 1, 2 and 3 emissions; reducing embodied carbon; aligning

with science-based / net-zero and customer ESG requirements

Designed in early, these measures cut operating cost and carbon together and protect market access. A
new build is the best opportunity a dairy business has to set its energy, water and carbon baseline for the next 25
years — and increasingly the difference between winning and losing blue-chip customers whose net-zero
commitments flow down to suppliers.

7. Hygienic design, food safety & compliance

Food safety and compliance must be designed into the plant, not inspected in afterwards. Hygienic design to
recognised standards, cleanable layouts, well-engineered CIP, allergen and high-care/low-care segregation, and
product flow that supports HACCP all belong in the concept and detailed-design stages — as does the regulatory
map: planning and environmental permitting, product and labelling regulation, and, for export or high-care
products such as infant formula, the specific regimes of the target markets. Compliance retro-fitted after build is
among the most expensive mistakes a dairy project can make.

8. Automation, digitalisation & data

The right level of automation depends on product, scale and the labour market, and is far cheaper to specify than
to add later. A modern plant is designed with a coherent control, SCADA and MES architecture and the
instrumentation to deliver traceability, yield, energy and OEE reporting from day one — the same data that
underpins both food-safety assurance and continuous improvement. Data resilience and cyber-security are part
of that design, not a bolt-on.

9. Futureproofing & flexibility

A plant should be sized and laid out for the validated growth plan, not just the opening line: utilities and an energy
centre with headroom, a footprint and structure that allow a planned phase two, services routed for expansion,
and enough product-mix flexibility to follow the market. The cost of leaving space and capacity at design stage is
small; the cost of rebuilding a constrained plant a few years later is not.
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10. Common costly mistakes — and how they are avoided

These are the failures seen most often on new dairy projects. Each is avoidable, and each is far cheaper to
prevent at feasibility or concept stage than to correct later.

Common failure Consequence if not caught early

Optimistic demand / volumes Plant sized wrong; capital stranded or capacity short

Capital under-estimated Funding gap, delay, or value-engineering that damages the plant

Site / utilities constraints found late Re-siting, costly grid or effluent works, or a stalled programme

Energy & utilities under-designed No headroom for growth or decarbonisation; expensive retrofit
Sustainability bolted on late Lost customers and lenders; far higher cost to add later

Wrong process route locked in early Re-design, re-procurement, and a plant that never quite fits the product
Hygienic design compromised by Cleaning, contamination and recall risk built into the fabric

cost

Commissioning treated as an Slow, troubled start-up; missed launch dates; lost confidence
afterthought

11. Questions to answer before you commit

If you cannot answer these confidently, the project is not yet ready for the next gate. They are a fast way to see
where a new-build or expansion is exposed — and where independent input will earn its fee many times over.

Is your volume and market forecast independently validated, not just internally optimistic?

Has your shortlisted site been confirmed for power, gas, water and effluent capacity with the network and water
authorities?

Is the process route fixed, with a mass and energy balance, before any detailed design or equipment is
committed?

Are utilities, the energy centre and the footprint sized for your phase-two growth, not just the opening line?
Do you have an energy, water and carbon strategy a blue-chip customer would accept?

Is the capital estimate built bottom-up by category, with an honest contingency for its stage?

Does the financial model stress-test milk price, energy cost, yield, throughput and capital over-run?

Is hygienic design, allergen and high-care segregation built into the layout from the start?

Is the regulatory path for your products and markets mapped, including any export requirements?

Is commissioning and validation planned, resourced and budgeted — not left to the end?

OoOodoodoo o o

Are equipment and contractor selections judged independently of the suppliers’ own sales claims?
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12. How Watson Dairy Consulting can help

Equipment vendors and turnkey contractors design to sell their own kit; an independent advisor has no such
incentive. Watson Dairy Consulting supports owners, boards and investors across this whole path —
independently of any vendor or contractor — so the advice serves the project, not a supplier’s order book.

Where independent input pays for itself. A modest advisory fee at the right decision points protects a far larger
capital sum: validating the volumes and the site, fixing the capacity basis and process route, shaping the energy
and sustainability strategy, sizing utilities and effluent, and judging equipment and contractor proposals on their
merits. The earlier the input, the greater the leverage.

Ways to engage
e Feasibility review — an independent read on volumes, site, process route and the headline numbers before
you commit.

e Stage-gate assurance — independent review at each gate so the project only proceeds when it is genuinely
ready.

e Full project support — owner’s-engineer input from feasibility through design, procurement, commissioning
and validation.

Discuss your project with John Watson
Independent Dairy Processing Consultant - Fellow, Institute of Food Science & Technology (FIFST)

Mobile +44 7931 776 499 « Office +44 1224 861507

Email jw@dairyconsultant.co.uk
Web dairyconsultant.co.uk
LinkedIn linkedin.com/in/dairyconsultant ¢ Aberdeen, Scotland

Disclaimer: This framework is a free educational resource reflecting general industry practice. It is not a project design, cost estimate, energy
assessment or financial forecast for any specific plant, and the factors, levers and metrics described must be quantified from site-specific
data by competent persons. To the fullest extent permitted by law, Watson Dairy Consulting and John Watson accept no liability for any loss
arising from use of, or reliance on, this document. Nothing in this notice excludes or limits any liability that cannot lawfully be excluded.
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