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Investment Appraisal

• Purpose of financial appraisal
• To determine which investments, among all the

possibilities, make the best use of the money
• To ensure optimum benefits from each investment
• To minimise risk to the enterprise
• To provide a basis for subsequent analysis of

performance of the investment



Investment Appraisal

• Six key steps of financial appraisal of energy
efficiency investment in buildings
• 1. Locate the buildings which have the potential
• 2. Identify the area where a saving can be made & identify

the measures required to release it
• 3. Establish the costs & the savings for each measure &

calculate the key financial indicators
• 4. Optimise the financial return
• 5. Establish how much investment capital is available &

identify new sources of capital
• 6. Decide which projects make best use of the capital



Investment Appraisal

• Review using the financial energy
management matrix (FEMM) (see diagram)
• Identifying opportunities
• Exploiting opportunities
• Management information
• Appraisal methods
• Human resources
• Project funding

• Mark on the levels & construct the profile
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Investment Appraisal

• From the profile of FEMM, assess how
balanced your approach is

• Identify priority areas for action, such as
• Least advanced
• Easiest to implement
• Cheapest to implement
• Have most impact
• Least contentious



Investment Appraisal

• Evaluate the strengths and weaknesses in
managing energy efficiency investment

• Identify key opportunities for improving the
performance

• Sensitivity analysis
• Test (by varying key parameters) how

assumptions made in costs & benefits affect the
cash flow & financial parameters



Investment Appraisal

• Benefits likely to arise
• Reducing cooling/heating energy use
• Reduced electricity use
• Lower maintenance requirements
• Reduced plant supervision
• Improved comfort
• Enhanced property value
• Longer service life of remaining plant



Investment Appraisal

• Appraisal methods
• 1. Evaluate the cash flow (undiscounted)
• 2. Determine the payback period (initial screening)

& other parameters, e.g.
• Gross return on capital
• Net return on capital
• Gross average rate of return
• Net average rate of return (Internal Rate of Return, IRR)

• 3. Net Present Value (NPV)
• Apply a discount factor to future costs & earnings



Investment Appraisal

• Cash flow
• Inflow (positive); outflow (negative)
• Energy efficiency:

• Reduce cash flowing out to pay for energy
• May also produce non-energy cash benefits, e.g.

maintenance savings

• Initial outlay or first cost (a negative cash flow)
• Energy cost savings (a positive cash flow)
• For simplicity, assume one-year intervals
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(Source: EnergyStar Building Manual, available at www.energystar.gov)



Year Initial investment
($)

Energy savings
($)

Cumulative cash flow
($)

0 -20,000 --- -20,000
1 --- 4,000 -16,000
2 --- 4,000 -12,000
3 --- 4,000 -8,000
4 --- 4,000 -4,000
5 --- 4,000 0 *
6 --- 4,000 4,000
7 --- 4,000 8,000
8 --- 4,000 12,000
9 --- 4,000 16,000
10 --- 4,000 20,000

Cash flow analysis (example): simple payback = $20,000/$4,000 = 5 years

* Payback is achieved when the cumulative cash flow reaches zero.



Investment Appraisal

• Simple Payback (undiscounted)
• Advantages:

• Simple to calculate, easy to understand
• Does not require any assumptions about the project

lifetime or interest rates

• Disadvantages:
• Not consider savings achieved after the payback period
• The time value of money is ignored
• Does not consider any residual capital asset value at the

end of the project life



Time Value of Money (TVM)
“An instant dollar is worth more than a distant dollar”

Today 3 years later



* Interest rate is assumed 7%.
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FV = future value
D = initial investment
IR = interest rate (%)
PV = present value
S = value of cash flow

in n years time
DF = discount factor



Year Initial investment
($)

Energy savings
($)

Discount factor
(1 + IR/100)-n

Present worth of
cash flow ($)

0 -20,000 --- 1 -20,000
1 --- 4,000 0.909 3,636
2 --- 4,000 0.826 3,306
3 --- 4,000 0.751 3,005
4 --- 4,000 0.683 2,732
5 --- 4,000 0.621 2,484
6 --- 4,000 0.564 2,258
7 --- 4,000 0.513 2,053
8 --- 4,000 0.467 1,866
9 --- 4,000 0.424 1,696

10 --- 4,000 0.386 1,542
NPV = 4,578

Net present value PV analysis (example)

* Interest rate is assumed 10%.



n Compounding
Process – Finding an
equivalent future
value  of current
cash payment

n Discounting Process
– Finding an
equivalent present
value of a future
cash payment

Economic equivalence between present value (P) and future value (F)

* i = interest rate, N = number of years



Equal Payment Series – Compound Amount Factor
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A = annual energy saving
N = number of years
F = future value



Equal Payment Series – Compound Amount Factor (cont’d)
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Equal Payment Series – Compound Amount Factor
(Future Value of an annuity) (Find F, Given A, i, and N)
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Example:
• Given: A = $5,000, N = 5 years, and i = 6%
• Find: F
• Solution: F = $5,000(F/A, 6%, 5) = $28,185.46
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Equal Payment Series – Compound Amount Factor
(Future Value of an annuity) (Find F, Given A, i, and N)

F =?

0            1             2            3            4          5

$5,000   $5,000 $5,000 $5,000 $5,000

i = 6%

4

3

2
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0

$5,000(1 0.06) $6,312.38
$5,000(1 0.06) $5,955.08
$5,000(1 0.06) $5,618.00
$5,000(1 0.06) $5,300.00
$5,000(1 0.06) $5,000.00
                              $28.185.46
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Investment Appraisal

• Internal rate of return (IRR)
• Closely related to NPV, it is a percentage figure

that describes the yield or return on an investment
(ROI) over a multiyear period

• For a given series of cash flows, the IRR is the
discount rate that results in an NPV of zero*

• Compare IRR to the interest rate on the financing
(i.e. cost of capital in the securities market)

• If IRR is greater than the returns in the financial
markets, the investment is financially worthwhile

(*See also http://en.wikipedia.org/wiki/Internal_rate_of_return)



(Source: EnergyStar Building Manual, available at www.energystar.gov)

Do you
know how
to interpret

them?



(Source: EnergyStar Building Manual, available at www.energystar.gov)



(Source: EnergyStar Building Manual, available at www.energystar.gov)



Investment Appraisal

• Key points to note for the investment analysis
• Choose the right time frame (say, 10 years)
• Consider all of the impacts on cash flow
• Account for interactions among measures
• Include anticipated price changes (energy prices)
• Adjust for taxes (where applicable)
• Examine the sensitivity of results to changes in

key assumptions



Investment Appraisal

• Human resources
• People’s commitment to energy efficiency
• Promote the culture of energy efficiency
• Supportive senior management (board of directors)
• Clear lines of responsibility
• Joint forces with account/finance department



Financing Options

• Funding of energy efficiency projects
• Well prepared proposals
• Energy or environmental policy with board level

backing (senior management commitment)
• Take account of potential risks
• Keep track of investment & accrued year-on-year

savings, e.g. using a capital return budget
• Financing options for private and public

organisations may be different



Public Private
Purchasing
▪ Cash X X
▪ Loans X
▪ Bonds X X (rare)
Leasing
▪ Operating lease X X
▪ Municipal lease X
▪ Capital lease X
Performance Contracting
▪ Guaranteed savings X X
▪ Shared savings X X
▪ Paid-from savings X X
Other
▪ Utility incentives X X
▪ State incentives X X
▪ Foundations and nonprofits X X

Financing options for a public or private organisation



Financing Options

• Purchase by cash
• Makes sense for organizations with cash reserves

and a strong balance sheet
• Disadvantages: reduced liquidity and a potential

for lost investment opportunities that require cash
• Generally cash is most appropriate for relatively

inexpensive, simple efficiency measures that are
likely to pay for themselves quickly

• Large and complex projects are best funded with
debt or off-balance-sheet financing



Financing Options

• Purchase by loans
• From banks or lenders (debt financing)
• An ideal way for an organization to avoid

expending cash on the project
• A borrower’s ability to negotiate favorable terms

(down payment, soft costs, interest rate, payment
structure) depends largely on the lender’s
perception of the risk



Financing Options

• Purchase by bonds
• Bonds are debt instruments sold by public- and

private-sector organisations to borrow money
from capital markets

• Complex agreements and therefore have high
transaction costs

• Common in the public sector to raise money with
bonds to create pools of money for funding
smaller projects



Financing Options

• Leasing
• A lease is essentially a loan in which the lessor

(the lender) retains legal title to the property being
leased (i.e. the possession of this asset)

• Leases are quick and easy to set up and administer
• Operating leases (lessor owns the equipment &

rent it to the lessee)
• Capital leases (installment purchases of equipment)
• Municipal leases (a tax-exempt lease purchase

agreement)



Financing Options

• Performance contracting
• An agreement with an energy service company

(ESCO) to manage a group of efficiency projects
• Especially well suited for financing large and

complex projects, with a large savings potential
• Advantages:

• No up-front costs and no debt to the balance sheet
• Minimize the burden on contracting

• Disadvantages:
• A significant portion of the savings goes to the ESCO
• It can be complex and take a long time to negotiate

Risk transfer & risk sharing



Debt Financing Model 1: End-user as Borrower

Energy
End-user

Equipment
Supplier or
Contractor

Financial
Institution

Loan
Loan payments

Capital $
Project
purchase
price

Turnkey energy
efficiency project
installation &
services

Energy
Services
Agreement



Debt Financing Model 2: ESCO as Borrower
(typical performance contracting structure)

Energy End-users

ESCO

Financial Institution

Energy services or
energy sales agreement:
turnkey project
installation & services
(ESCO owns system)

Payment based on
“savings” or delivered
energy units

Debt service payments;
assignment of project
revenues & assets as
loan security

Loan agreement: capital
for project installation

Two alternatives to Model 2:
• Bank loan to ESCO; with matching fixed payments from end-user
• ESCO loan to end-user; ESCO sells this payment stream to bank, factoring or forfeiting



Financing Options

• How to obtain financing at a min. cost and risk
• Major evaluation factors:

• Total cost of the project
• Constraints on internal capital availability
• Owner’s balance sheet impact (e.g. off-balance sheet)
• Initial payment (initial capital outlay)
• Payment structure (to receive financial benefits)
• Preferred ownership status
• Tax deductions (e.g. for loan interest)
• Performance risk (who bears the risk of failure)



(Source: EnergyStar Building Manual, available at www.energystar.gov)



(Source: http://www.wbdg.org/design/use_analysis.php)

Economic Analysis Process

Objective Alternatives Assumptions Cost/Benefit
Compare

Costs/
Benefits

1. Define the problem and the objective.
2. Identify feasible alternatives for accomplishing the objective, taking into

account any constraints.
3. Determine whether an economic analysis is necessary, and if so, the level

of effort which is warranted.
4. Select a method or methods of economic analysis.
5. Select a technique that accounts for uncertainty and/or risk if the data to

be used with the economic method are uncertain.
6. Compile data and make assumptions called for by the economic analysis

method(s) and risk analysis technique.
7. Compute a measure of economic performance.
8. Compare the economic consequences of alternatives and make a decision,

taking into account any non-quantified effects and the risk attitude of the
decision maker.



Financing Options

• The financier’s perspective
• Risks:

• Risk assessment and risk control
• Each of the key risks involved allocated and

priced
• Returns:

• Calculate return on investment
• =>Risk/return profile

Risk

Return

Invest

Do not
invest



Building Economic Analysis

• Learning Unit 05 from the  “Increasing Energy
Efficiency in Buildings Project, China”*
• Energy consumption & cost analysis
• Payback analysis
• Life-cycle cost analysis

• With real-life examples & case studies in
Mainland China, e.g. Tianjin and Harbin

* Jean-Louis,M.-J., Paré, M. and Nichols, L., 2002. Learning Unit 05: Building Economic Analysis,
Increasing Energy Efficiency in Buildings Project, China, Dessau-Soprin Inc., Montreal, Canada, pp. 1-17.
(www.mech.hku.hk/bse/MEBS6016/building_economic_analysis.pdf)



Building Economic Analysis

• The project analysis depends on how to
consider the expenditures and the savings
• Short-term approach

• Focus on initial costs (the tips of the iceberg)

• Long-term approach
• Show complete building costs (hidden portion too)

• Determine when to spend more money now in
order to save more money in the long term





Building Economic Analysis

• The cost of energy consumption
• Represents the largest portion of operating costs
• Can be calculated using building energy

simulation tools
• Important to build a reference model

• Analysis of building retrofit: represent the
behaviour of the existing buildings

• Evaluation of new building design: represent the
behaviour of the building to be constructed



Building Economic Analysis

• Payback analysis methods
• How quickly the initial investment on a project

can be recovered
• Ignores all costs, savings & residual value

occurring after the payback time (time value of
money)

• Should be used only a screening method that are
clearly economical



Building Economic Analysis

• Types of payback methods
• Simple payback (SPB) method

• Time it takes to get back the initial investment
• Limitations:

• Does not effectively consider the time-value of money
• Does not consider the life periods
• Often uses an arbitrary short payback period

• Return-on-investment (ROI) method
• Simple rate of return or investor’s rate of return
• % of the investment that can be recuperated each year



Building Economic Analysis

• Types of payback methods
• Discounted payback (DPB) method

• Consider value of money saved over time
• Discount rate

nr
DF
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1
+
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Discount factor (DF)



Building Economic Analysis

• Case Study: Tianjin Demonstration Project
• Single-family dwelling

• Reference model: based on the traditional Chinese
construction method for this area

• Building parameters evaluated:
• Types of window
• Infiltration rate
• Composition of the exterior wall and roof
• Boiler efficiency
• Type of energy source used by the boiler
• Type of heating and cooling system



天津







Building Economic Analysis

• Case Study: Harbin Demonstration project
• Retrofitting an existing apartment building

• Reduce energy consumption by 50% as stipulated in the
JGJ 26-95 Standard, while ensuring the retrofit cost be
within 10% for a new building of the same type

• Two types of wall system were considered: a rain
screen system and an EPS wall

• Compare also material and labour costs between China
and Canada



哈爾濱









Building Economic Analysis

• Life-cycle cost (LCC) analysis, or LCCA
• A long-term approach
• Takes into account the total cost of the building

over its lifetime
• All costs, from owning, operating, maintaining,

and disposing of a building are considered
• Reference:

• NIST (U.S. National Institute of Standards and
Technology) Handbook on LCC method

• www.wbdg.org/ccb/NIST/hdbk_135.pdf



Building Economic Analysis

• Key steps for applying LCC analysis
• 1. Define the problem and state the objectives
• 2. Identify the feasible alternatives
• 3. Establish common assumptions and parameters
• 4. Estimate costs and times of occurrence for each alternative
• 5. Discount future costs to present values
• 6. Compute and compare LCC for each alternative
• 7. If required, compute supplementary measures for project

prioritization
• 8. Assess uncertainty of input data
• 9. Take into account effects for which dollar costs or benefits

cannot be estimated
• 10. Advise on the decision



Building Economic Analysis

• General life cycle cost (LCC) equations

• Ct = sum of all relevant costs occurring in year t
• N = number of years in the study period
• d = discount rate used to adjust cash flow to

present value
• PWF = present worth factor
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Building Economic Analysis

• Simplified LCC equation: (for energy projects)*
• LCC = I + Repl – Res + E + W + OM&R
• Where:

• LCC is the total LCC in present-value dollars of a given alternative
• I is the present-value investment cost
• Repl is the present-value capital replacement cost
• Res is the present-value residual value (resale value, scrap value,

salvage value) minus the disposal costs
• E is the present-value energy cost
• W is the present-value water cost
• OM&R is the present-value non-fuel operating, maintenance, and

repair costs

May be estimated by building
energy simulation

* Need to use engineering judgment when estimating these costs



Building Economic Analysis

• Example of HVAC system cost over 30 years:
• Energy cost = 50%
• Maintenance cost = 4.7%
• Replacement cost = 2.3%
• HVAC first cost = 43%

• Residual value:
• Based on value in place, resale value, salvage

value, or scrap value, net of any selling,
conversion, or disposal costs



Building Economic Analysis

• Other financial indicators
• Net Savings (NS): are a relative measurement of

the economic performance for investments, which
reduces operational cost (= operational savings
less difference in capital investment costs)

• Adjusted Internal Rate of Return (AIRR): is a
relative measure of annual percentage yield from a
project investment over the study period and must
be measured with respect to a base case



Building Economic Analysis

• Other financial indicators (Cont’d)
• Savings-to-investment (SIR) ratio: is defined as

being a relative measure of economic performance
for a project alternative expressing the relationship
between its savings and its increased investment
present value cost as a ratio

• Justified if SIR > 1
• Used to rank projects with other independent projects as

a guide to allocate limited investment funding



Building Economic Analysis

• Evaluation Criteria
• SPB, DPB < than study period (for screening

projects)
• NS > 0 (for determining cost-effectiveness)
• SIR > 1 (for ranking projects)
• AIRR > discount rate (for ranking projects)
• Lowest LCC (for determining cost-effectiveness)

• Uncertainty assessment, e.g. using sensitivity
analysis and break-even analysis





Building Economic Analysis

• Case study: LCCA method
• Purchase of a central air conditioner for a house

• To select a new central air conditioner for installation in a house
with a design-cooling load of 38.0 MJ/hr (36,019 Btu/hr) in a
region with approximately 1,500 fullload cooling hours per year

• Seasonal energy efficiency ratio (SEER)
• Assumptions:

• Electricity rates = $0.08/kWh (summer rates), with no demand
charge, and are expected to increase at about 3% per year

• Discount rate = 8%
• All three systems have an expected life of 15 years and

approximately the same maintenance costs



Lowest total LCC w/o rebate Lowest total LCC w/ rebate



Whole Life Costing

• Definition: Whole Life Cost (WLC)* is the analysis
of all relevant and identifiable financial cashflows
regarding the acquisition and use of an asset (i.e. a
wider economic analysis)
• A technique that quantifies financial values for buildings

from inception and throughout the building’s life
• A systematic approach balancing capital with revenue

costs to achieve an optimum solution over a buildings
whole life, considering risk management

• A critical step for organisations wishing to move towards
sustainability

(*Also known as through-life costs or total ownership costs)



Whole Life Costing

• Life cycle cost (LCC) & whole life cost (WLC)
• LCC are those associated directly with

constructing and operating the building
• WLC include other costs such as land, income

from the building and support costs associated
with the activity within the building

• The expertise of the construction industry is best
placed to deliver life cycle costs, which its clients
can then use to calculate whole life costs

(See also http://en.wikipedia.org/wiki/Whole-life_cost)



(Source: Adapted from BS ISO 15686-5)

Life cycle cost (LCC) & whole life cost (WLC)

Construction Maintenance Operation End of Life

Environmental cost

Non-
construction

Costs
IncomeExternalities Life Cycle Cost

(LCC)

Whole Life
Cost

(WLC)



Construction
▪ Professional fees (incl. design)
▪ Temporary works
▪ Construction
▪ Initial adaptation or refurbishment
▪ Taxes
▪ Other (Contingencies)

Maintenance
▪ Replacements of major systems
▪ Adaptation or refurbishment
▪ Repairs and minor replacements
▪ Maintenance management
▪ Cleaning
▪ Grounds Maintenance
▪ Redecoration
▪ Taxes
▪ Other (user definable) (optional)

Components of life cycle cost (LCC)
Operation

▪ Rent
▪ Insurance
▪ Cyclical regulatory costs
▪ Utilities
▪ Taxes
▪ Future regulation
▪ Other (user definable) (optional)

End of Life
▪ Disposal inspections
▪ Disposal and demolition
▪ Reinstatement
▪ Taxes
▪ Other (user definable) (optional)



Externalities
▪ Costs associated with an asset which are
not necessarily reflected in the transaction
costs between provider and consumer
▪ Many negative externalities are related
to the environmental consequences of
production and use. For example, air
pollution from burning fossil fuels causes
damages to crops, (historic) buildings and
public health.
▪ Positive externalities are beneficial
externality or external benefit. For
example, a beekeeper keeps the bees for
their honey. A side effect or externality
associated with her activity is the
pollination of surrounding crops by the
bees. The value generated by the
pollination may be more important than
the value of the harvested honey.

Non-construction Costs
▪ Land and enabling works
▪ Finance
▪ Strategic property management
▪ User charges
▪ User support costs
▪ Taxes
▪ Other (user definable) (optional)

Income
▪ Income from sales
▪ Third party income
▪ Taxes

Life Cycle Cost

Components of whole life cost (WLC)



Whole Life Costing

• Whole life cost ratios (typical)*
• Capital Cost : Cost in Use : Business Costs
• =  1   :   5   :   200

• Cost of initial investment: 1
• Additional cost for operation & maintenance during the

life cycle: 5
• Economic value embodied over the same period

(function and staff load, quality of life, working
ambience, comfort & health): 200

* Source.: "The long term costs of owning and using buildings" – published by The Royal Academy of
Engineering (November 1998).



Build

2 Years

Design

1 Year

$
17%

$
3%

Operate

25 Years

Run / Maintain
$  40%

Repair
$  30%

Periodic
Replacement / Refurbish

$  10%

Total

Total

Dispose

1 Year

100%

Cost of
Ownership

$
?%

Whole life cost – the Big Picture

(Source: www.wlcf.org.uk)



Typical Airport Terminal

Revenue
80%

Capital
20%

Typical Shopping Centre

Revenue
55%

Capital
45%

Typical Office Block

Capital
40%

Revenue
60%

Whole life cost – Rules of Thumb

(Source: www.wlcf.org.uk)



(Source: www.wlcf.org.uk)
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Admin services

Security
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Management
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Whole Life Costing

• Design stage
• Design service life planning
• Design environmental life-cycle assessment
• Whole life-cycle cost planning
• Whole life risk & risk responses

• Construction and occupancy stages
• Whole life risk & risk responses (construction & operation)
• Whole life-cycle costing (operation)
• Whole life costing of building assets occupancy



Further Reading

• ETSU, 1995. Financial Aspects of Energy
Management in Buildings - A Summary, Good
Practice Guide 75, Energy Efficiency Best Practice
Programme, Energy Technology Support Unit
(ETSU), Oxfordshire, UK, 6 pages.
• http://www.mech.hku.hk/bse/MEBS6016/GPG075.pdf

• Whole Building Design Guide
• Use Economic Analysis to Evaluate Design Alternatives

http://www.wbdg.org/design/use_analysis.php
• Life-Cycle Cost Analysis (LCCA)

http://www.wbdg.org/resources/lcca.php
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2002. Learning Unit 05: Building Economic
Analysis, Increasing Energy Efficiency in
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• www.mech.hku.hk/bse/MEBS6016/building_econ

omic_analysis.pdf
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