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Financial Aspects of Retrofitting 
Projects
Developed by AdEPorto (Porto Energy Agency)



Module 8 overview

This module explores the financial and economic evaluation of

building energy retrofit projects, emphasizing that investment

decisions require long-term financial viability alongside

technical performance. It examines the European renovation

financing context, key cost concepts such as CAPEX, OPEX and

cash flow, and core indicators including ROI, IRR, NPV and

Payback Period. It also highlights Life-Cycle Cost Analysis and

includes practical applications to support informed decision-

making.



Module 8 contents

Lesson 53 Financing and Economic  Assessment of Building Energy Renovation

Lesson 54 Cashflows, CAPEX, OPEX and Indirect costs

Lesson 55 Economic Indicators

Lesson 56 Life-Cycle Cost Analysis 

Lesson 57 Exercise in  Life-Cycle Cost Analysis



LESSON 53
Financing and Economic  Assessment of Building 

Energy Renovation



Lesson 53 objectives

1. Understand cash flows as the movement of money into and out of a project, reflecting 
financial health and sustainability.

2. Distinguish Capital Expenditure (CAPEX) as upfront investments in assets that enhance 
future performance. 

3. Identify Operational Expenditure (OPEX) as recurring costs for operating and maintaining 
systems.

4. Recognize indirect costs as essential expenses not tied to physical assets, supporting 
feasibility, compliance, and effective operation.

5. Analyse cash inflows and outflows to calculate Net Cash Flow and assess project profitability.



53.1 Introduction to financing and economic assessment of building 
energy renovation

Energy renovation of the European building stock is essential to achieve carbon
neutrality by 2050, as most existing buildings will remain in use but are energy
inefficient. Deep renovations are needed, yet high upfront costs and limited
financial capacity require innovative financing solutions. Economic assessment
using NPV, IRR, Payback, and LCCA supports cost-effective, sustainable
strategies.

Importance of Financing and Economic Assessment of Building Energy 
Renovation

• Buildings are a major source of energy consumption and emissions in the EU
• Most existing buildings will remain in use by 2050, yet are largely inefficient
• Deep renovations are essential for energy efficiency, renewables, and 

digitalization
• High upfront costs and limited financial capacity make financing critical
• Economic assessment (NPV, IRR, Payback, LCCA) guides sustainable, cost-

effective decisions



53.2 Why renovation matters

The building sector plays a crucial role in the European energy system.

• Buildings account for approximately 40% of final energy consumption 
in the EU.

• They are responsible for around 36% of energy-related greenhouse 
gas emissions.

Around 75% of the EU building stock is energy inefficient
Renovation rate currently only ~1% per year

Without acceleration, climate neutrality goals cannot be achieved 
Buildings account for approximately 40% of final energy consumption in 
the EU.



53.3 Building stock age and condition
A large proportion of the European building stock is old and energy inefficient.

• Many buildings were constructed before 1970, when energy efficiency standards were limited or non-existent.

• Approximately 75% of the existing buildings are considered energy inefficient.

• Nearly half of the building stock has EPC ratings worse than class D.

This highlights the urgent need and large potential for energy renovation across Europe

Share of registered EPC ratings across the EU.
https://energy.ec.europa.eu/index_en?redir=1

Average construction period of the residential 
building stock in the EU



53.4 EU policy framework european policy framework for building 
renovation

The European Union has introduced several policies to accelerate the decarbonisation 
of the building sector.

The Energy Performance of Buildings Directive (EPBD) establishes the main regulatory 
framework for improving the energy performance of buildings and achieving a fully 
decarbonised building stock by 2050.

Key targets include:
• Zero-emission buildings for public buildings by 2028
• Zero-emission requirements for all new buildings by 2030
• Reduction of primary energy consumption in the residential sector by 16% by 

2030 and 20–22% by 2035

The Renovation Wave Strategy, launched in 2020, complements this framework by 
promoting:

• Doubling the annual renovation rate by 2030
• Deep energy renovations
• Integration of renewable energy and smart technologies

Together, these policies aim to accelerate renovation and place the European building 
stock on a credible path toward climate neutrality.



53.5 Importance of renovating existing buildings

Around 80% of the buildings that exist today will still be in use 
in 2050.

Therefore, achieving climate neutrality will depend primarily on 
renovating the existing building stock, rather than relying 
solely on new construction

Energy renovation can provide several benefits:
• Reduction of energy consumption and greenhouse gas 

emissions
• Lower energy costs for households and building owners
• Improved thermal comfort and indoor air quality
• Reduced vulnerability to energy poverty
• Increased building durability and resilience to climate change

In addition, renovation can increase property value and stimulate economic activity in the 
construction sector, contributing to job creation and local economic development.



53.6 Deep renovation requirements

Achieving a zero-emission building stock requires comprehensive renovation strategies that significantly 
improve the overall energy performance of buildings.

Deep energy renovations typically involve a combination of measures, including:
• High-performance building envelopes, such as improved insulation, airtightness, and energy-efficient 

windows

• Efficient heating and cooling systems, including technologies like heat pumps and advanced HVAC systems

• Integration of renewable energy sources, such as solar photovoltaic (PV) systems

• Smart energy systems and digital monitoring, which optimize energy consumption and improve building 
management

• Priority is often given to the worst-performing 15–25% of buildings.

Deep renovation focuses on systemic improvements to the building, rather than isolated measures.

Therefore, achieving the EU’s long-term climate targets requires going beyond superficial or incremental upgrades
and adopting integrated renovation strategies.



53.7 Financial challenges

Major barriers to renovation:

• High upfront costs for insulation, heat pumps, windows, and PV systems.

• Limited access to financing, especially for households and small organizations.

• Economic uncertainty: energy prices, interest rates, inflation and equipment lifetime.

• Short-term vs long-term mismatch: benefits occur over decades

Need for innovative financing mechanisms:

• Public subsidies, grants, and tax incentives

• Green loans and favorable financing conditions

• Energy performance contracts and payback schemes

• Public guarantees and risk-sharing instruments



53.8 Investment needs and requirements

Achieving the EU’s building renovation targets requires massive financial 
mobilisation:

• Estimated €275 billion per year in additional investments is needed to 
meet 2030 targets.

• Current renovation investments cover only about one-third of the 
required amount.

• The climate investment gap in the building sector is around €120 
billion annually.

Challenges to meeting investment needs:
• Large variation across countries, building types, and income levels.
• Older buildings, harsh climates, and low-income households face 

higher costs.
• Public and social housing may need extra support due to limited 

operational savings.

Mobilising both public and private financing is essential to accelerate deep 
renovations and put the EU building stock on a net-zero pathway.



53.9 Managing uncertainty

Economic assessments must account for uncertainty and long-term financial parameters.

• Methods such as sensitivity analysis and Monte Carlo simulations help evaluate the robustness of 
renovation investments.

• The discount rate is one of the most influential parameters in economic evaluation.

• Higher discount rates tend to favor short payback investments and reduce the value of long-term 
savings.

• Lower social discount rates, often used by public authorities, consider wider societal benefits such as 
health improvements and emission reductions.



53.10 Evaluation models and financial indicators

Assessing the economic performance of building renovations requires robust models and financial indicators.
Evaluation Models:

• Cost–Benefit Analysis (CBA): Compares all costs and benefits, including societal impacts.
• Life Cycle Assessment (LCA): Focuses on environmental impacts, such as emissions and resource use.
• Life Cycle Cost Analysis (LCCA): Assesses all costs over the building lifecycle, including investment, 

operation, maintenance, replacement, and end-of-life.

Financial Indicators:
• Net Present Value (NPV): Measures overall economic value over time.
• Internal Rate of Return (IRR): Shows financial return as a percentage.
• Payback Period: Time to recover initial investment.
• Discounted Cash Flow (DCF): Organises future cash flows and accounts for the time value of money.

Using these models and indicators helps identify cost-effective, long-term renovation strategies aligned with EU 
climate objectives.



53.11 Why LCCA is the most suitable model

Life Cycle Cost Analysis (LCCA) offers the most comprehensive evaluation:
Includes:
• Initial investment costs
• Operation costs (e.g., energy use)
• Maintenance costs
• Replacement of components
• End-of-life costs
• Residual value (when applicable)

Provides the most robust basis for long-term renovation decisions. 

Environmental impacts can also be assessed by integrating it into a Life Cycle Assessment (CO₂, emissions, and 
materials).

Applies consistent discounting over time

Aligns with:
EPBD cost-optimal framework
ISO 15686-5 standards



53.12 Conclusions
The building sector plays a crucial role in achieving EU climate neutrality by 2050.
• Around 75% of the EU building stock is energy inefficient, while 80% of current buildings will still exist in 2050.
• The current renovation rate (~1%) is far below what is required to meet climate targets.

Major challenge
• The transition requires massive financial investment, estimated at €275 billion annually, with a current investment 

gap of about €120 billion per year.

Key requirement
• Effective economic evaluation and financing mechanisms are essential to support deep renovation.

Final insight
• Life Cycle Cost Analysis (LCCA) provides the most comprehensive framework for evaluating renovation strategies, 

helping policymakers and investors identify cost-optimal and sustainable solutions for the long term.



LESSON 54
Cashflows, CAPEX, OPEX and Indirect costs



Lesson 54 objectives

1. Understand cash flows as the movement of money into and out of a project, reflecting 
financial health and sustainability.

2. Distinguish Capital Expenditure (CAPEX) as upfront investments in assets that enhance 
future performance. 

3. Identify Operational Expenditure (OPEX) as recurring costs for operating and maintaining 
systems.

4. Recognize indirect costs as essential expenses not tied to physical assets, supporting 
feasibility, compliance, and effective operation.

5. Analyse cash inflows and outflows to calculate Net Cash Flow and assess project profitability.



54.1 Introduction to cash flows in project management

In a constantly shifting economic environment, many projects struggle
or fail due to inadequate cash flow management. This highlights the
critical importance of tracking cash inflows and outflows. Effective cash
flow management can significantly impact a project’s success by
ensuring sufficient liquidity, supporting informed investment and
resource allocation decisions, and maintaining smooth operations even
in the face of unexpected challenges.

Importance of Cash Flow in a Retrofit Project
• Ensures liquidity → Covers contractors, materials, permits
• Supports planning → Forecast costs & investments
• Improves efficiency → Identifies bottlenecks & reduces waste
• Enables strategic investments → Fund upgrades without extra 

financing
• Builds stakeholder confidence → Shows financial control & 

reliability



54.2 Cash flows

Cash 
flow

Types of Cash Flows
Operating Cash Flow
• Revenue from sales
• Payment of operating expenses
Investing Cash Flow 
• Purchase or sale of assets
• Investment in equipment or new projects
Financing Cash Flow
• Loans and borrowings
• Debt repayment
• Interest and dividend payments

Interpretation
Positive Cash Flow → Inflows > Outflows
Negative Cash Flow →Outflows > Inflows
Important to assess: Liquidity; Sustainability; 
Project viability

What is the Cash Flow?
Cash Flows represent the movement of money into and out of a company, organization, or project over a specific period of 
time.

Total 
Cash 

Inflow 

Total 
Cash 

Outflow 

= -

Also Known by Net Cash Flow



54.3 Cash Inflows

Interpretation 
Energy cost savings → Reduced electricity or gas bills
Revenue from excess energy → Selling surplus electricity
Incentives & grants →Government support or tax credits
Carbon credits → Selling emission reductions
Residual equipment value → Salvage or resale

Role in Financial Analysis
Revenue → Sales & service income; helps recover the initial 
investment and drives project profitability.
Cost Savings → Reduced OPEX; Improves operating efficiency; lowers 
recurring expenses.
Incentives → Grants & subsidies; Enhances project viability.
Residual Value → Salvage & disposal; Contributes to final cash 
recovery.

What is the Cash Inflows?
Cash Inflows represent the revenues or economic benefits generated over the project’s life and reflect real financial 
value, even if they are not received as direct payments.



54.4 Cash Outflows

Interpretation
Initial Investment → Efficient lighting, HVAC upgrades, solar panels
Operating Costs → Maintenance, calibration, monitoring services
Financing Costs → Loan interest, fees, leases
Administrative & Monitoring Costs → Project management, audits, 
reporting

Role in Financial Analysis
Initial Investment → Major upfront expenditure; largest outflow 
usually in Year 0; critical for enabling project implementation. 
Operating Costs → Recurring costs to keep the system running 
efficiently; impacts yearly financial performance. 
Financing Costs → Interest and fees; affect overall project 
profitability and cash availability. 
Administrative & Monitoring Costs → Management and 
verification expenses; ensure proper execution and compliance.

What is the Cash Outflows?
Cash outflows are expenditures required to implement, operate, and maintain a project, representing real money leaving 
the project.



54.5 Cash Flows - example

Cash Outflows:

Rent payment €3,000

Salaries of employees €7,000

Purchase of new equipment €4,000

Loan repayment €2,000

Utility bills €1,000

Total cash outflow €17,000

Cash Inflows:

Cash Sales €20,000

Invoice clearance from the past €15,000

Money from a bank loan €5,000

Total cash inflow €40,000

Cash 
flow

Total 
Cash 

Inflow 

Total 
Cash 

Outflow 

=

-

Example: Calculate the cash flow for a small business that conducted multiple transactions during March.

Cash 
flow

€40,000 - €17,000

Cash 
flow

€23,000

=

=

Also Known by Net Cash Flow



54.6 Capital Expenditure (CAPEX)

Interpretation
Equipment: Heat pumps, insulation, efficient boilers, smart meters
Installation & Retrofit: Labor for system upgrades, electrical modifications, ducting 
improvements
Smart Integration: Energy management software, building controls, renewable 
energy compatibility (solar PV, storage)

Role of CAPEX in Energy Efficiency Projects
Reduce energy costs → Lower electricity/gas bills; direct operating costs savings
Enhance asset performance→Upgrade systems, improve comfort, reliability, 
efficiency
Support sustainability & compliance→ Meet regulatory, ESG, or corporate targets
Improve financial returns → Long-term payback, NPV, IRR, and higher ROI
Enable renewable integration → Facilitate solar PV, storage, smart controls
Lower carbon emissions→ Reduce CO₂ and other greenhouse gases

What is the Capital Expenditure (CAPEX)?
Capital Expenditure refers to investments in assets that increase value or performance, leading to enhanced future
cash flows. These are generally long-term, durable investments that require significant upfront spending but
provide predictable returns over time.



54.7 Operational Expenditure (OPEX)

Interpretation
Energy Consumption: Electricity, Gas, biomass costs, or other fuel costs
Operation & Maintenance (O&M): Preventive and Corrective maintenance; Spare parts
replacement; Emergency interventions

Service & Monitoring: Performance monitoring systems; Remote diagnostics; Service 
contracts
Risk & Coverage: Extended warranties; Performance guarantees; Outsourced technical
management

Role of OPEX in Energy Efficiency Projects
Increase financial flexibility →No upfront investment; easier budget approval
Adapt to market conditions → Flexible contracts; scalability; response to energy price volatility
Improve cash flow management → Predictable recurring costs; reduced capital lock-in;
preserved liquidity

Transfer technical risk → Service contracts shift maintenance and performance risk to 
providers
Enhance operational reliability → Continuous monitoring; faster fault detection; 
minimized downtime

What is the Operational Expenditure (OPEX)?
Operational Expenditure refers to the ongoing costs to run, maintain, and manage an energy system throughout 
its life. In energy retrofit projects, OPEX covers all recurring expenses needed to keep the system reliable, 
efficient, and compliant.



54.8 Indirect Costs

Interpretation
Regulatory & Administrative: Permits; environmental approvals; grid connection 
authorization
Technical Assessment: Energy audits (baseline & post-retrofit); feasibility studies
Professional Services: Engineering design; consultancy; financial advisory
Capacity Building: Training of operators; user awareness; operational guidance

Role of Indirect Cost in Energy Efficiency Projects

Enable project feasibility → Ensure legal, technical, and financial viability
Reduce performance gap → Proper design and audits improve savings accuracy
Optimize system integration →Correct sizing and coordination of technologies
Secure incentives & funding → Compliance with EU/national requirements
Support long-term efficiency →Training prevents misuse and efficiency
losses

What are Indirect Costs?
Indirect Costs are expenses that are not directly related to equipment or construction but are necessary to ensure 
that an energy efficiency or retrofit project functions effectively. They help comply with regulations, validate results, 
optimize costs, and ensure long-term performance. Even without generating physical assets, they impact the total 
cost, associated risks, and the energy savings achieved.



54.9 Conclusions
1. Cash flows are essential for project health

Tracking money in and out reveals liquidity, sustainability, and profitability.
Even profitable projects can face financial stress if cash inflows do not cover immediate obligations.

2. CAPEX and OPEX serve complementary roles
CAPEX: Upfront investment in assets that enhance future performance; long-term returns but high initial cost.
OPEX: Recurring operating and maintenance costs; flexible but impact long-term cash outflows.

3. Indirect costs are crucial
Expenses like consultancy, audits, training, and permits support feasibility, compliance, and effective operation.
Neglecting indirect costs may reduce expected savings and project performance.

4. Integrated analysis guides strategic decisions
Evaluating inflows and outflows enables calculation of Net Cash Flow (NCF), Payback Period, NPV, and IRR.
Energy efficiency projects, for example, convert operational savings into positive cash flows to recover CAPEX and sustain OPEX.

5. training and monitoring enhance effectiveness
Proper operator training and performance monitoring ensure systems deliver expected savings and extend asset life.



LESSON 55
Economic Indicators



Lesson 55 objectives

1. SPP – Simple Payback Period (Perceive: shows how long it takes to recover the initial investment; Compare short-
term projects and choose the one that recovers money fastest Overview of typical commercial HP units using this 
cycle.)

2. DPP – Discounted Payback Period (Perceive: shows how long it takes to recover the investment considering the 
time value of money; Evaluate risk and liquidity adjusted for time and money value.)

3. NPV – Net Present Value (Perceive: indicates whether the project generates profit above the investment; Compare 
projects and choose the one that creates the most value over time.) 

4. IRR – Internal Rate of Return (Perceive: shows the annual return rate of the project; Select projects offering a return 
higher than the minimum expected.)

5. ROI – Return on Investment (Perceive: measures investment efficiency, how much return it generates relative to 
cost; Quickly compare different projects or alternatives.) 

6. Using indicators together (Perceive: each indicator shows a different aspect (payback time, profit, profitability); Use 
all together to make more balanced and informed investment decisions.)



54.1 Introduction to economic indicators

Financial indicators (SPP, Discounted Cash Flow, Discounted Payback Period, NPV, IRR,
ROI, SPP) are fundamental in the analysis of retrofit or energy efficiency projects
because they transform technical energy savings into profitability and economic
feasibility metrics, enabling investors to justify the initial investment and compare
alternatives.
These projects almost always involve a high upfront investment cost to generate energy
savings over several years. Without this analysis, it would be impossible to determine
whether the savings generated justify the cost.

Importance of Economic Indicators for Project Feasibility Assessment
• Ensure Liquidity →Cover contractors, materials, permits
• Support Planning → Forecast costs, investments, and payback
• Improve Efficiency → Identify bottlenecks & reduce waste
• Enable Strategic Investments → Fund upgrades without extra financing
• Build Stakeholder Confidence → Show financial control & reliability
• Justify Upfront Costs →Translate energy savings into clear profitability



55.1 Simple Payback Period

𝑺𝑷𝑷 =
𝑰𝒏𝒊𝒄𝒊𝒂𝒍 𝑰𝒏𝒗𝒆𝒔𝒕𝒆𝒎𝒆𝒏𝒕

𝑨𝒏𝒏𝒖𝒂𝒍 𝑪𝒂𝒔𝒉 𝑰𝒏𝒇𝒍𝒐𝒘

Interpretation
The shorter the payback period, the more attractive the project.
It indicates liquidity and how quickly the invested capital is recovered.

Advantages
Simple and easy to calculate.
Useful for short-term projects.
Does not require complex estimates (e.g., discount rates).

Limitations
Ignores the Time Value of Money (TVM).
Does not consider cash flows after the payback period.
Does not assess overall profitability or future risk.
Not suitable for comparing projects with different lifespans.

What is the Simple Payback Period (SPP)?
It measures the time required to recover the initial investment.



55.1 Simple Payback Period - example

𝑆𝑃𝑃 =
𝐼𝑛𝑖𝑐𝑖𝑎𝑙 𝐼𝑛𝑣𝑒𝑠𝑡𝑒𝑚𝑒𝑛𝑡

𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑎𝑠ℎ 𝐼𝑛𝑓𝑙𝑜𝑤

Example: If installing a €10,000 heat pump saves €2,000 per year in energy costs, what is the payback period, and 
what happens to the savings after that period?

Cash flow diagram 

𝑆𝑃𝑃 =
10.000

5 × 2.000

𝑆𝑃𝑃 = 5 𝑦𝑒𝑎𝑟𝑠

The simple payback period is 5 years (or 5 periods), and after that, all savings contribute directly to net benefits.



55.2 Time Value Money

Why does money lose value over time?
Inflation
Prices increase over time, so the same amount of money buys fewer goods and 
services in the future.

Opportunity Cost
Money available today can be invested to earn interest or returns. If you receive 
it later, you lose the opportunity to earn those returns.

Risk and Uncertainty
Future money is less certain. There is always some risk that expected payments 
may be delayed or not received.

What is the Time Value Money (TMV)?
The concept that a certain amount of money is worth more today than the same amount in the future due 
to its earning potential in the meantime.



55.3 Discount rate
What is the Discount rate (r)?
The discount rate is the percentage (%) used to convert future cash flows into today’s value.

It reflects:
The time value of money.
Inflation.
Investment risk.
The opportunity cost of capital.

Why does it matter?
A higher discount rate → future cash flows have a lower present value → the investment becomes less attractive.
A lower discount rate → future cash flows have a higher present value → the investment becomes more attractive.

Would you like to have an idea of how much you should consider for the discount rate?
Check the discount rates here.

https://competition-policy.ec.europa.eu/state-aid/legislation/reference-discount-rates-and-recovery-interest-rates/reference-and-discount-rates_en


55.4 Present Value (PV) 

Interpretation
Shows how much future money is worth today.
Helps compare money received at different times.
Based on the Time Value of Money (TVM).

Advantages
Considers the Time Value of Money.
Useful for comparing future cash flows.
Simple financial concept.

Limitations
Depends on the discount rate chosen.
Sensitive to estimation errors.
Does not measure overall profitability.

What is the Present Value (PV)?
Present Value (PV) is a financial concept used to determine the current worth of a future amount of money or a 
series of cash flows, discounted at a specific interest rate.

𝑷𝒓𝒆𝒔𝒆𝒏𝒕 𝒗𝒂𝒍𝒖𝒆 =
𝑭𝑽

(𝟏 + 𝒓)𝒕

FV - Future value (euros); r - discount rate per period (%)

T - number of periods (years, months, days, etc.)



55.5 Accumulated Present Value

Why use it?
Saves time.
Avoids calculating each instalment individually.
Useful for loans, savings plans, and annuities.

How it works?
Repeats the same payment (CFcte).
Updates it using the discount rate.
Calculates the total accumulated value directly.

CFcte -periodic payment that will be repeated and updated each 

period; r - discount rate per period (%) t - number of periods (years, 

months, days, etc.)

What is the Accumulated Present Value?
The Accumulated Present Aalue is a way to determine the total accumulated value of a present amount while 
considering regular payments, without the need to calculate each annual instalment.

= 𝑪𝑭𝒄𝒕𝒆×
𝟏 − (𝟏 + 𝒓)−𝒕

𝒓

𝑨𝒄𝒄𝒖𝒎𝒖𝒍𝒂𝒕𝒆𝒅
𝑷𝒓𝒆𝒔𝒆𝒏𝒕 𝑽𝒂𝒍𝒖𝒆



55.6 Present Value – example 

Example: An individual will receive €2,000 per year for 5 years (total €10,000).
The annual interest rate is 8%. A) Calculate the present value (PV) of the last €2,000 payment (received at the end of year 5), discounted to 
today (year 0). B) Calculate the total (accumulated )present value of all five payments at year 0.

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 = 𝐶𝐹𝑐𝑡𝑒 ×
1 − 1 + 𝑟 −𝑡

𝑟

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 = 2,000 ×
1 − 1 + 0.08 −5

0.08

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 = €7,985,4

𝑃𝑉 =
𝐹𝑉

1 + 𝑟 𝑡

𝑃𝑉 =
2,000

1 + 0.08 5

𝑃𝑉 = €1,361

A) B)

The present value of the final €2,000 payment at the end of year 5 is €1,361, and the total present value of all five 
payments today is €7,985.40.



55.7 Discounted Cash Flow (DCF)

𝐶𝐹1represents the cash flow for year one, 𝐶𝐹2 represents the cash flow 
for year two, and 𝐶𝐹𝑛 represents the cash flow for the subsequent years, 

r – discount rate 

What is the Discounted Cash Flow (DCF) 
Discounted Cash Flow (DCF) is a financial model used to estimate the present value of an investment by 
projecting its future cash flows and discounting them back to today’s value using a specific discount rate.

𝑫𝑪𝑭 =
𝑪𝑭1
1 + 𝒓 1

+
𝑪𝑭2
1 + 𝒓 2

+⋯+
𝑪𝑭𝒏
1 + 𝒓 𝒏

PV for year 2PV for year 1 PV for year n

Interpretation
DCF tells the current value of future cash flows from a project or 
investment.
DCF > Investment → profitable.
DCF < Investment → not profitable.

Advantages
Uses specific cash flow projections.
Can be applied to different investment sizes and periods.
Useful for evaluating projects with extended cash flow periods.

Limitations
Accuracy depends on estimating future cash flows correctly.
Doesn’t account for market conditions, strategic value, or qualitative 
benefits
Requires detailed financial data and assumptions.
Small changes in r can significantly alter results.



55.8 Discounted Payback Period (DPP) 

𝐼0 - the initial investment; 𝑡 represents the last year in which the 
cumulative PV is still less than the initial investment; 𝑃𝑉(𝑡+1) is the 

present value of the cash flow in the following year.

What is the discounted payback period (DPP)?
The Discounted Payback Period measures how long it takes for an investment to recover its initial cost, 
accounting for the time value of money. Unlike the simple payback period, it discounts future cash flows before 
calculating the break-even point.

Interpretation
Shorter DPP = faster recovery → lower risk.
Shows when a project breaks even in present-value terms.

Advantages
Accounts for time value of money.
Allows scenario testing and sensitivity analysis.
Helps compare projects by risk and liquidity

Limitations
Based on estimated cash flows → uncertainty.
Ignores cash flows after payback.
Sensitive to discount rate and assumptions.

𝑫𝑷𝑷 = 𝒕 +
𝑰0 − 𝑪𝒖𝒎𝒖𝒍𝒂𝒕𝒊𝒗𝒆 𝑷𝑽 𝒂𝒕 𝒕

𝑷𝑽𝒕+1



55.9 DPP and DCF - example

Example: An investment in a heat pump costs €10,000 and is expected to generate €2,000 per year in energy savings for 7 years. Using a
discount rate of 5%, determine each discounted cash flows, the accumulative present value, and the discounted payback period.

Cash flow diagram 

𝐷𝑃𝑃 = 𝑡 +
𝐼0 − 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑃𝑉 𝑎𝑡 𝑡

𝑃𝑉𝑡+1

𝐷𝑃𝑃 = 5 +
10,000 − 8,659

10,151
≈ 5.9 𝑦𝑒𝑎𝑟𝑠

𝐷𝑃𝑃 ≈ 5.9 years

= 𝐶𝐹𝑐𝑡𝑒×
1 − (1 + 𝑟)−𝑡

𝑟

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒

=2.000 ×
𝟏−(𝟏+0.05)−7

0.05

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒

≈ €11,573𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒

DCF



55.10 Net Present Value (NPV)

𝐼0 - the initial investment; CF – represent the cash flow; r - discount 

rate, n - represents the life time of the project.

What is the Net Present Value (NPV)?
The Net Present Value is the difference between the present value of all future cash inflows and the initial 
investment. It measures the total value a project creates over its lifetime, considering the time value of money.

Interpretation
NPV > 0 → Project is financially viable (creates value)
NPV = 0 → Project breaks even
NPV < 0 → Project destroys value (not recommended)
A higher NPV indicates greater profitability

Advantages
Considers the time value of money.
Includes all project cash flows.
Measures overall profitability.
Useful for comparing different investment options.
Supports long-term investment decision-making.

Limitations
Requires accurate cash flow projections.
Does not include non-financial factors (e.g., environmental or social impacts).
Sensitive to the discount rate chosen.
Can be complex to calculate.

𝑵𝑷𝑽 =
𝑪𝑭𝟏

(𝟏 + 𝒓)𝟏
+

𝑪𝑭𝟐
(𝟏 + 𝒓)𝟐

+⋯+
𝑪𝑭𝒏
𝟏 + 𝒓 𝒏

− 𝑰𝟎



55.9 Net present value - example

Example: Assuming an investment in a heat pump of €10,000 that generates annual energy savings of €2,000 over seven years, with a discount 
rate of 5.0%, the present value of all discounted savings amounts to approximately €11,572. Subtracting the initial investment, the Net Present 
Value (NPV) is €1,573. This positive NPV indicates that the investment not only recovers its cost but also provides an additional financial return 
equivalent to €1,573 in today’s money. Therefore, when considering the time value of money, the heat pump project can be regarded as 
financially viable and value-generating.

DCF

𝑵𝑷𝑽 =
𝟐, 𝟎𝟎𝟎

(𝟏 + 𝟎. 𝟎𝟓)𝟏
+

𝟐, 𝟎𝟎𝟎

(𝟏 + 𝟎. 𝟎𝟓)𝟐
+

𝟐, 𝟎𝟎𝟎

(𝟏 + 𝟎. 𝟎𝟓)𝟑
+

𝟐, 𝟎𝟎𝟎

(𝟏 + 𝟎. 𝟎𝟓)𝟒
+

𝟐, 𝟎𝟎𝟎

(𝟏 + 𝟎. 𝟎𝟓)𝟓
+

𝟐, 𝟎𝟎𝟎

(𝟏 + 𝟎. 𝟎𝟓)𝟔
+

𝟐, 𝟎𝟎𝟎

(𝟏 + 𝟎. 𝟎𝟓)𝟕
− 𝟏𝟎, 𝟎𝟎𝟎

𝑵𝑷𝑽 = €𝟏, 𝟓𝟕𝟐

𝑵𝑷𝑽 =
𝑪𝑭𝟏

(𝟏 + 𝒓)𝟏
+

𝑪𝑭𝟐
(𝟏 + 𝒓)𝟐

+⋯+
𝑪𝑭𝒏
𝟏 + 𝒓 𝒏 − 𝑰𝟎

PV for year 1 PV for year 2 PV for year 3 PV for year 4 PV for year 5 PV for year 6 PV for year 7

Cash flow diagram 



55.10 Internal Rate of Return (IRR)

𝐼0 - the initial investment; CF – represent the cash flow; r - discount 

rate, n - represents the life time of the project.

What is the Internal Rate of Return (IRR)?
The Internal Rate of Return (IRR) is the discount rate that makes the Net Present Value of an investment equal to 
zero. In simple terms, it is the annualized rate of return a project is expected to generate over its lifetime, based 
on its projected cash inflows and outflows. Interpretation

IRR can be compared to the required rate of return or cost of capital:
If IRR > required rate of return → The project is acceptable.
If IRR < required rate of return → The project should be rejected.

A higher IRR generally indicates a more profitable investment (assuming similar risk levels).

Advantages
Easy to interpret – Expressed as a percentage, making it intuitive.
Time value of money is considered – It discounts future cash flows.
Useful for comparison – Allows comparison of projects with different durations.
Widely used – Common in business and financial decision-making.

Limitations
Multiple IRRs: Unconventional cash flows can produce more than one IRR or no real solution.
Mutually exclusive projects: Can conflict with NPV when comparing different-scale projects.
Ignores size: A smaller project may have a higher IRR but create less total profit.
Reinvestment assumption: Assumes cash flows are reinvested at the IRR, which may be 
unrealistic.

𝑵𝑷𝑽 = 0 =
𝑪𝑭1

1 + 𝑰𝑹𝑹 1 +
𝑪𝑭2

1 + 𝑰𝑹𝑹 2 +⋯+
𝑪𝑭𝒏

1 + 𝑰𝑹𝑹 𝒏 − 𝑰0



55.10 Internal Rate of Return (IRR) – Example 

Example: A company is considering investing €10,000 in a heat pump that generates annual energy savings of €2,000 per year for 7 years. If the 
discount rate is 5%, calculate the IRR and determine whether the project should be accepted.

An IRR of 9.20% represents the project’s effective annual rate of return over its lifetime. Since 9.20% is higher than the 5% discount rate, the 
investment generates a return above the required rate and should therefore be accepted.

IRR Plot



55.10 Return on Investment (ROI)

𝐹𝑉𝐼 − Final Value of the Investment; IVI − Initial Value of the.

What is the Return on Investment (ROI)?
The Return on Investment is a financial metric used to measure the profitability and efficiency of an 
investment. It compares the net gain from an investment to its initial cost, usually expressed as a percentage.

Interpretation
Shows how much profit is earned relative to the investment.
Higher ROI indicates better profitability.

Advantages
Simple to calculate and easy to understand.
Enables quick comparison between projects of different sizes.
Supports fast decision-making for resource allocation.
Provides a clear measure of profit relative to investment.

Limitations
Ignores the time value of money.
Does not consider the timing of cash flows.
Assumes uniform gains, which may be unrealistic.
Can be influenced by how costs and returns are measured, 
leading to potential misinterpretation.

𝑹𝑶𝑰 =
𝑭𝑽𝑰 − 𝑰𝑽𝑰

𝑪𝒐𝒔𝒕 𝒐𝒇 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕
× 𝟏𝟎𝟎 %

𝑹𝑶𝑰 =
𝑵𝒆𝒕 𝒓𝒆𝒕𝒖𝒓𝒏 𝒐𝒏 𝑰𝒏𝒗𝒆𝒔𝒕𝒆𝒎𝒆𝒏𝒕

𝑪𝒐𝒔𝒕 𝒐𝒇 𝑰𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕
× 𝟏𝟎𝟎 %

𝑶𝒓



55.10 Return on Investment (ROI)

Example: An investment in a heat pump costs €10,000 and generates discounted savings of €11,572 over 7 years at a 5% discount rate. Calculate 
the ROI of this investment.

𝑅𝑂𝐼 =
𝑁𝑒𝑡 𝑟𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝐼𝑛𝑣𝑒𝑠𝑡𝑒𝑚𝑒𝑛𝑡

𝐶𝑜𝑠𝑡 𝑜𝑓 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡
× 100%

ROI = 
11,572−10,000

10,000
× 100%

𝑅𝑂𝐼 = 15.7%

In this case, ROI of this investment will be 15.7%. This

means that, when accounting for the time value of money,

the investment in the heat pump generates a total return

of 15.7% over its lifetime relative to its cost.



LESSON 56
Life-Cycle Cost Analysis



Lesson 56 objectives

1. What LCCA is and its main features

2. How to calculate life-cycle costs step by step

3. Practical examples and case studies

4. How to avoid common mistakes



56.1 Introduction to Life-Cycle Cost Analysis

Life-Cycle Cost Analysis (LCCA) evaluates the total cost of an asset over its entire 
life, including initial investment, operation, energy use, maintenance, replacement, 

and disposal. It helps compare alternatives and identify the option with the 
lowest long-term cost, supporting smarter, more sustainable decisions in 
buildings, energy systems, and industrial projects.

Importance of using Life-Cycle Cost Analysis in retrofitting projects: 
• Evaluates total long-term costs of retrofit options, not just initial 

investment
• Helps select the most cost-effective upgrade over the building’s remaining 

life
• Identifies energy savings and operational cost reductions
• Supports better comparison between retrofit alternatives
• Improves investment planning and budgeting for building upgrades
• Reduces risk of unexpected maintenance or replacement costs
• Encourages energy efficiency and sustainability improvements
• Increases building performance, reliability, and asset value



56.2 What is Life Cycle Cost Analysis 
Evaluates the total cost of upgrading or renovating a building/system over its remaining life, from retrofit investment to disposal or 
replacement.

Key Considerations for Retrofitting
• Full life-cycle evaluation – includes energy savings, maintenance reduction, 

and longer-term operational costs
• Comparison of alternatives – e.g., traditional HVAC replacement vs. energy-

efficient upgrade
• Intangible benefits – occupant comfort, productivity, environmental impact, 

improved building reputation
• Cost annualization – methods like Net Present Value (NPV) ensure fair 

comparison across options with different lifespans

Applications in Retrofitting:
Building envelopes: insulation, windows, roofing
Energy systems: efficient HVAC, solar panels, battery storage
Industrial systems: equipment upgrades, material replacements, smart 
technologies

Benefits
Optimised long-term costs
Improved energy efficiency and sustainability
Informed decision-making for retrofit investments



56.3 Importance & benefits of Life-Cycle Cost Analysis

Economic Benefits Environmental Benefits Strategic Value

Reduces operational and maintenance 
costs

Avoids unnecessary replacements

Example: High-efficiency HVAC → higher 
initial cost but lower energy & 
maintenance costs over 20 years

Promotes energy efficiency and 
sustainability

Reduces greenhouse gas emissions and 
resource use

Supports corporate sustainability goals
and Strategic Value

Enhances occupant comfort & productivity

Increases asset lifespan and reliability

Improves long-term planning, budgeting, 
and risk management

Example: Retrofitting with LCCA → avoids 
mid-life replacements, optimizes upgrades, 
boosts overall facility value

Why LCCA Maters?

Traditional cost analysis focuses on initial investment, often ignoring long-term costs.
LCCA evaluates all costs over the asset’s life, enabling informed decisions that balance short-term and long-term impacts.



56.4 Cost Components in Life-Cycle Cost Analysis

1. Initial Costs (Cin) – Purchase, design, installation, and commissioning

Example: New HVAC system installation

2. Energy Costs (Cₑ) – Electricity, fuel, or energy used during operation
High-efficiency systems may cost more upfront but reduce bills 
long-term

3. Operating Costs (Cₒ) – Labor, consumables, and daily operations
Includes monitoring, cleaning, minor consumables

4. Maintenance & Repair Costs (Cₘ) – Preventive and corrective 
maintenance

Scheduled servicing and part replacements

𝑳𝑪𝑪 = 𝑪𝒊𝒏 + 𝑪𝒆 + 𝑪𝒐 + 𝑪𝒎 + 𝑪𝑟 + 𝑪𝒆𝒏𝒗 + 𝑪𝒅 + 𝑪𝑠

Key Cost Components

5. Replacement / Rehabilitation Costs (Cᵣ) – Major upgrades or 
component replacements

Example: Mid-life compressor replacement or control system 
retrofit

6. Environmental Costs (Cₑₘᵥ) – Emissions, carbon footprint, waste 
management, regulatory compliance

Encourages sustainable decision-making

7. Disposal / End-of-Life Costs (C𝒹) – Decommissioning, recycling, or 
remediation

Safe disposal of HVAC refrigerants or electronic components

8. Downtime / Loss of Production Costs (Cₘ) – Financial impact of 
equipment being offline

Critical for industrial systems



56.5 Steps and practical implementation of the Life-Cycle Cost 
Analysis method

1. Identify all costs for each alternative: Initial investment, 
operating & maintenance, replacement, end-of-life.

2. Discount future costs to present value (NPV).

3. Sum costs to determine total life-cycle cost.

4. Visualize comparisons using tables or charts: Show 
costs, carbon emissions, and intangible benefits side by 
side.

5. Interpret results carefully: Lowest initial cost ≠ lowest 
total cost; Consider environmental and intangible 
factors.

Ensures selection of the alternative with the best combination of 
economic efficiency, sustainability, and strategic value.

Step-by-Step Approach: Define the
Problem & 
Objectives

Identify
Alternatives & 

Parameters

Estimate
Costs & 

Discount
Future Costs

Compare 
Alternatives

Sensitivity & 
Risk Analysis

Include
Intangible/Non

-Monetary
Effects

Make Final 
Recommend

ation



56.6 Important Parameters & Assumptions in LCCA

a. Asset & Study Duration
Expected service life of the asset
Study period over which costs are projected and compared

b. Timeline Definitions
Base date: reference point for converting all costs to present value
Service date: when the asset begins operation

c. Financial Factors
Discount rate: converts future costs to present value
Inflation rate: accounts for increasing costs over time

d. Operational Costs
Energy, water, consumables, and other supplies relevant to asset operation

Key Parameters

Clearly defining parameters ensures transparent, consistent, and reliable 
comparisons across retrofit alternatives.



56.7 Integration with Life Cycle Assessment for sustainability

Define the study objective, function, 
functional unit, and system boundaries
Examples of boundaries:

Gate-to-Gate: e.g., product production 
only;  Cradle-to-Grave: from raw 
material extraction to end-of-life.
Focus can be on the use phase or the 
entire life cycle.

Goal & Scope Definition1

Collect quantitative data on:
Inputs: raw materials, energy, 
consumables.
Outputs: emissions, waste to air, water, 
soil.

Normalise data according to the functional unit.

Life Cycle Inventory (LCI)2

Life Cycle Impact Assessment 
(LCIA)
Quantify environmental impacts using 
databases (e.g., EcoInvent, Agribalyse) and 
software (OpenLCA, SimaPro, One Click 
LCA).
Assess multiple impact categories: Carbon 
footprint / GHG emissions; Resource use: 
fossil fuels, water, minerals; Emissions to air, 
water, and soil.

3

Identify environmental hotspots; Suggest 
measures for improvement; Support 
decisions for more sustainable retrofit 
alternatives.

Interpretation of Results4

Integrating LCA with LCCA allows evaluation of both economic and environmental 
impacts, enabling sustainable, cost-effective retrofit decisions.



56.8 Best practices & common pitfalls in LCCA
Common Pitfalls

• Focusing only on initial costs, ignoring long-term expenses

• Poorly defined scope or inconsistent methodology

• Using unverified or unrealistic data

• Errors in units, conversions, or datasets

• Lack of review and documentation

Life Cycle Inventory (LCI) Best Practices

• Define standards and methodology at the start of the study

• Clearly establish system boundaries and scope

• Consider the full life cycle of the asset (investment, operation, maintenance, replacement, disposal)

• Apply an appropriate discount rate to account for time value of money

• Use reliable and validated data for costs, energy use, and maintenance

Quality Assurance

• Perform sensitivity and risk analysis to test key assumptions (e.g., energy prices, service life)

• Document all assumptions, data, and calculations for transparency

• Conduct peer review or expert consultation

• Communicate results clearly, including limitations and uncertainties



56.8 Conclusions

• Life-Cycle Cost Analysis (LCCA) is a key decision-making tool for evaluating retrofit 
investments by considering all costs over the asset’s life cycle, not only the initial 
investment.

• By including installation, operation, maintenance, replacement, and end-of-life costs, 
LCCA provides a more accurate comparison of alternatives.

• The use of financial tools such as Net Present Value (NPV) and annualized cost allows 
future costs to be converted into present value, ensuring fair evaluation.

• When combined with Life Cycle Assessment (LCA), LCCA supports decisions that balance 
economic efficiency, environmental sustainability, and long-term performance.

Overall, applying LCCA in retrofitting projects helps organizations optimize 
investments, reduce long-term costs, improve energy efficiency, and 

support sustainable building management!



LESSON 57
Exercise in  Life-Cycle Cost Analysis



Lesson 57 objectives

1. Locate and summarize information: Identify relevant data and organize key points clearly.

2. Collect data: Gather financial, energy, and environmental data for the LCCA.

3. Analyse results: Interpret financial (LCC, NPV, payback, ROI, IRR) and environmental (CO₂) 
outcomes.

4. Use visuals: Present trends and costs with graphs, tables, and charts.

5. Draw conclusions: Assess feasibility and provide recommendations based on cost-
effectiveness and sustainability.



57.1 Introduction to Life-Cycle Cost Analysis problem resolution

This lesson analyses heating and cooling systems in residential buildings using Life Cycle
Cost Analysis (LCCA). It involves identifying system issues, collecting financial, energy, and
environmental data, and entering them into an LCCA calculator. Results are evaluated
through costs, performance, and emissions, enabling comparison of alternatives to
identify the most cost-effective and sustainable solution.

Advantages of Knowing How to Perform and Interpret LCCA in Retrofitting Projects

• Improves decision-making allowing selection of the most cost-effective retrofit 
solution.

• Identifies long-term savings, considering energy, operation, and maintenance 
costs.

• Supports better project planning, helping adapt retrofit designs based on life-
cycle performance.

• Reduces financial risks, by anticipating future costs such as replacements or 
repairs.

• Promotes sustainable retrofits, balancing economic efficiency with 
environmental benefits.



57.2 Problem example – option 1

A contractor responsible for building a single-family house is offering two alternative heating and cooling

systems for the interior of the house. Both options use a 200-liter domestic hot water storage tank with an

electric circulation and control system rated at 0.5 kW, which will operate in parallel with the main heating

system. For the house, it is estimated that approximately 3,000 hours of heating and around 1,500 hours of

cooling will be required. The house has a heating demand of 36 kW and 24 kW cooling demand power.

Option 1 – Natural gas heating with Split AC Cooling:

This option involves a 36 kW natural gas boiler with a combustion efficiency of 95%, costing €2,500. Cooling will
be provided by wall-mounted split AC units in three rooms, each with a COP of 2.0, costing €2,000 in total. The
installation cost for these two systems is estimated at €1,200. Annual preventive maintenance is estimated at €50
for boiler cleaning and €100 for refrigerant recharge. Over 15 years, the system is expected to require mid-term
replacement of the burners at a current cost of €300 and the replacement of one of the room AC units at €650.
The total decommissioning cost of the system will be €150 after 15 years. The total estimated carbon footprint
for this solution is 0.9 tCO₂eq.



58.3 Problem example – option 2

Option 2 – Reversible heat pump (More Expensive but More Eco-Friendly):

This alternative involves installing a reversible heat pump costing €9,000, which will provide heating with a COP of 
3.0. Cooling will be provided by three ceiling-mounted fan coils in the three rooms, each costing €250 each, with 
the heat pump achieving a COP of 2.5 in cooling mode. 
The heat pump guarantees the heating and cooling power demands of 36 and 24 kW, respectively. Annual 
preventive maintenance is estimated at €75 for boiler cleaning and €100 for refrigerant recharge. Over 15 years, 
the system is expected to require a mid-term replacement of the heat pump compressor at €500, as well as the 
replacement of one fan coil. The total decommissioning cost of the system will be €150 after 15 years. 
The total estimated carbon footprint for this solution is 1.5 tCO₂eq. Energy prices are expected to grow at a rate of 
3% per year for natural gas and 2% per year for electricity. The contractor guarantees preventive maintenance at 
the specified costs, with an annual update of 2.5%. A discount rate of 6% per year should be applied. Current 
prices are approximately €0.175/kWh for electricity and €0.080/kWh for natural gas. Associated emissions are 
estimated at 0.204 kgCO₂eq./kWh for natural gas and 0.208 kgCO₂eq./kWh for electricity.



57.4 Schematic of heating and cooling options



57.5 Initial entry of the LCCA calculation sheet
Open the provided file and:
• Enter project location (province and city) in the Excel file.
• Define the study duration (maximum 40 years); 15 years used in this case.
• Typical equipment lifespan: 15–20 years with normal maintenance.
• Select the reference system (A) and the alternative system (B) for comparison.

Systems analysed:
System A: Gas boiler + AC split      System B: Reversible heat pump



57.6 Initial Costs
Initial Investment
System A: €2,500 (gas boiler) + €2,000 (AC split units) + €1,200 installation.
System B: €9,000 (heat pump) + €750 (AC split units) + €1,500 installation.



57.7 Preventive maintenance 
Preventive maintenance (annual)
System A: €50 boiler cleaning + €100 R-gas refill
System B: €75 heat pump filter cleaning + €100 R-gas refill



57.8 Corrective maintenance
Corrective maintenance
Mid-life interventions expected to maintain system performance all the interventions will happen in the year 7
System A: burner replacement (€300) + possible split unit replacement
System B: compressor replacement (€500) + possible fan coil replacement (€200)



57.9 Disposal or decommissioning costs
Decommissioning / disposal
Disposal or decommissioning costs.



57.10 Operating conditions and energy performance
System A – Gas Boiler + AC Split
Heating: 36 kW boiler, 3,000 h/year, efficiency 0.95 → 108,000 kWh 
thermal
Cooling: 25 kW split AC, 1,500 h/year, COP 2.0 → 40,500 kWh thermal, 
20,250 kWh electricity
Control unit: 0.5 kW × 3,000 h/year → 1,500 kW; efficiency 1

System B – Reversible Heat Pump
Heating: 36 kW, COP 3.0 → 108,000 kWh thermal, 36,000 kWh 
electricity
Cooling: 27 kW, COP 2.5 → 40,500 kWh thermal, 16,200 kWh 
electricity
Control unit: 0.5 kW × 3,000 h/year → 1,500 kWh;  efficiency 1

Note: Both systems meet same heating and cooling demand



57.11 Energy costs for LCCA
Energy Prices:
Natural Gas: €0.08/kWh
Electricity: €0.185/kWh

System A – Gas Boiler + AC Split
Heating: 113,684 kWh gas → €9,094.74/year
Cooling: 20,250 kWh electricity → €3,746.25/year
Control unit: 1,500 kWh → €277/year

System B – Reversible Heat Pump
Heating: 36,000 kWh electricity → €6,660.00/year
Cooling: 16,200 kWh electricity → €2,997.00/year
Control unit: 1,500 kWh → €277/year

Note: Energy costs are critical inputs for LCCA calculation



57.12 Financial & environmental parameters

Financial Assumptions:
Natural Gas Price: +3%/year
Electricity Price: +2%/year
Preventive Maintenance Cost: +2.5%/year
Discount Rate: 6%/year

Emission Factors:
Electricity: 0.208 kgCO₂/kWh
Natural Gas: 0.204 kgCO₂/kWh

Carbon Emissions:
System A: 0.9 tCO₂eq
System B: 1.5 tCO₂eq

Note: Emission factors depend on energy source and project location.



57.12 Results output
LCCA Results – system Comparison (15-year life)

Initial Investment (Cin)
System A: €5,700
System B: €11,250

Maintenance Costs (Cm)
Preventive + Corrective

System A: €1,895
System B: €2,311

Disposal Costs (Cd)
Both systems: 
€62.59

Energy Costs (Ce)
System A: €134,825
System B: €108,886

Total Life Cycle Costs (LCC)
System A: €142,483
System B: €122,510



57.13 Cash Flows

Cash-flow plots

Some information from the Cahs flow Plots
Cash flows include recurring operational costs and one-time costs (replacements, end-of-life).
Energy consumption is the largest cost component.
System B (high-efficiency) has significantly lower energy-related outflows than System A.
Visualization highlights how cost categories contribute to total LCC over time.
Supports comparison of alternatives based on both magnitude and timing of costs.



57.14 Life Cycle Cost

LCC Plot – Present Values

The Life Cycle Cost will be given in Present Value

Cost Categories (both systems):

Initial Investment Costs (Cin)

Preventive Maintenance Costs (Co)

Corrective Maintenance Costs (Cr)

Decommissioning / End-of-Life Costs (Cd)

Energy Costs (Ce)

LIFE CYCLE COST
In presente values



57.15 Financial indicators – system B vs. A

Payback period plot IRR plot

Discounted Payback Period (DPP):
4.01 years
Net Present Value (NPV):
€15,171 → positive return on extra investment

Internal Rate of Return (IRR):
26.02% → well above discount rate
Return on Investment (ROI):
135% → strong financial benefit



57.16 Life Cycle Costs Analysis  

LCCA Plot

Key Insight:

Solution B reduces energy consumption by ~60%.

CO₂ emissions cut by ~61%, supporting sustainability goals.

LCC savings of €19,973 over 15 years.

Despite higher initial cost, Solution B is both financially and 

environmentally advantageous.



57.16 Conclusions

• Use complete and consistent data (investment, operation, maintenance, energy, decommissioning, emissions).

• Apply the same criteria and analysis period to all alternatives for fair comparison.

• Distinguish CAPEX (initial costs) from OPEX (operational costs).

• Consider time value of money using discount rates (NPV, IRR).

• Evaluate multiple financial indicators: NPV, IRR, ROI, Payback.

• Include environmental and social impacts (energy use, emissions).

• Base conclusions on objective numerical comparisons.

• Use tables and graphs to clearly present key results.

• Consider uncertainty and sensitivity analysis (energy price, inflation, maintenance).
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