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Aim and content of a pre-feasibility study

This document is a guideline to develop pre-feasibility studies for industrial Energy Efficiency (EE) projects in
Vietnam. The guideline is prepared in the context of the Energy Partnership Program between Vietnam and
Denmark (DEPP3)-and.

The pre-feasibility study is a step towards a final management decision regarding allocating funds for investments —
a work sequence that usually comprises several phases:

1. Aninitial energy audit or screening identifies petentialspotential to improve energy efficiency and/or reduce

CO,-emissionsCO, emissions from the company’s operations. { Formatted: Subscript

Separate detailed guidelines for energy audits, feasibility studies and for application for loans for EE

projects have been developed and can be downloaded from the, DEPP3 webpa { Formatted: Font color: Accent 1

Formatted: Not Highlight
2. The purpose of a pre-feasibility study is to define relevant alternative technical solutions to obtain a { gng

certain energy efficiency potential, and to specify each solution in more detail with regards to financial, [ Field Code Changed

environmental and other aspects, such as legal aspects, impacts on production output and product quality
etc. Based on such comprehensive assessment, the management will be in a position to decide on a
preferred solution, which can then be further detailed in a feasibility study.

The pre-feasibility report is usually for internal purposes only, but for large investment projects, the report
might be very useful for a dialogue with possible investors as well as authorities already at this stage.

3. Afeasibility study is carried out to precisely define the preferred solution with regards to al—majerall major
uncertainties remaining from the pre-feasibility study, for example in terms of scope, technical solution,
investments (CAPEX) and operating costs (OPEX) or other. Based on the feasibility study, the
management of the company can finally decide on allocating funds for carrying out the project (Final
Investment Decision — FID). A guideline to feasibility studies can be downloaded from- the DEPP3

webpagePEPP3-webpage. {Formatted: Not Highlight

4. Next step would be a_tendering phase. In the tender document, the approved solution is defined intein an
even greater detail to ensure the desired features and quality of the proposals provided.

5. A contracting phase, where contracts for installations and related works are signed and performance
guarantees for the planned project are defined and settled in the contract(s).

6. Project implementation and commissioning.
The guideline is structured according to proposed structure of the pre-feasibility study report.

The pre-feasibility guideline is sought to be aligned with the current regulation e.g., the construction law 2020, article
53 and 54.
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1 Summary
The summary shall report mainthe main findings and conclusions from the pre-feasibility (pre-fs) study of particular
relevance to the enterprise management and possible external stakeholders.

The summary should outline the alternative solutions investigated and summarize the features of each solution,
including all the characteristics of major importance for the-desisiondecision-making on any next steps.

The section should provide a strategic overview of the results of the individual sections of the report, including key
financial indicators as well as other important impacts, such as:
- Impacts on the competitiveness of the enterprise in the market, for example as a result of a reduced
environmental footprint of the production process
- Impacts on the pollution levels in the local environment
- Impacts on werkingthe working environment

The summary must also make clear the level of risks and uncertainty of the findings. Hlf, for exampleexample, the
project involves a novel application of a-speecifiespecific technology or if there is a considerable uncertainty
areundabout investment costs and similar, such information should be provided in the summary.

Based on this information, the summary should provide a recommendation for selectienthe selection of preferred
selutionsolutions as well as rextthe next steps. Especially when developing complex projects, the pre-fs may still
leave several issues open regarding the preferred solution. These should be clearly listed, and if relevant, a
feasibility study could be recommended in order to resolve these issues.

2 Background, purpose and scope of project
As basis for the pre-feasibility study, the background, specific purpose and scope of the project shall be described.

21 Background
The background section of the pre-fs should include at least the following elements:

Justification of the study
This section should briefly summarize the background for the decision to undertake the pre-fs, for example findings
of a preceding energy audit or screening etc.

Existing situation
Brief introduction to the part of the enterprise relevant to the pre-fs, including
o Process diagram(s),
Technologies used (observations regarding age, efficiency etc.)
Operation schedule (number of hours per day/week/year)
Availability of the—existingthe existing system: Planned and unplanned outages
Possible issues with capacity, quality of product output, working environment or others.

o O O ©O

Expected enterprise developments relevant to the project

The section should outline the development plans of the industrial enterprise. Such plans could have an important
impact on the feasibility of a given energy efficiency project. If for example the enterprise plans to expand the
production capacity to an extent where the capacity of the current boiler will not be sufficient, it might not be relevant
to upgrade the existing boiler, even if it is very inefficient. On the other hand, replacementthe replacement of an
existing boiler with a new, bigger and more efficient would provide two benefits: increased capacity and reduced
energy supply costs. This would increase the attractiveness of such investment significantly.
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The chapter should also briefly explain the policy and priority given to energy efficiency.

Outline of relevant alternative interventions

In many cases, a given set of objectives, including increased energy efficiency, may be obtained erin various
different ways. For example, a drier system can be optimized in several different ways.

FirstThe first step should be to consider whether the-steamsteam consumption could be reduced. This could be
achieved from such measures as improved process control, insulation of hot surfaces, or use of waste heat from
other sources, such as air compressors.

In some cases, the use of steam can be efficiently replaced by other processes. For example, low-temperature
processes may more efficiently be supplied by heat from a heat pump.

If steam-willsteam will still be needed, the option of improving the efficiency of the boiler, or replacereplacing it bywith
another boiler with higher energy efficiency and possibly for use of a different fuel (such as biomass)_could be
considered.

As shown, many different solutions can contribute to the same aim, but with very different implications. In some
cases, the best solution is more or less obvious, but in other cases, the choice of solution needs a-clesercloser
investigation.

The pre-fs should take a full-system perspective on the opportunities to unfold all relevant opportunities and to be
able to identify the best solution. For example, if the heat supply system is inefficient, the analysis should not only
include an optimization of the heat supply system. It needs to consider also the consumption of heat:

- Are the thermal processes in the facility efficient? — consider energy losses and assess based on expert

experience and of needed: measurements and analysis

- Could the process temperatures be reduced, for example through improved process control?

- Could part of the process heat be met by use of waste heat from other parts of the facility?

- Could input materials be modified (for example with reduced water content)?

- Ete.

If such assessmentan assessment identifies important improvement opportunities in the process itself, the solutions
suggested should include both the heat supply system as well as the thermal processes supplied.

When identifying alternative interventions, due consideration should also be given to not only energy efficiency but
also the possible non-energy benefits. For example, replacing a boiler with heat pumps would eliminate emissions of
SOx and NOx into the environment, helping to comply with current environmental regulationregulations. Improving
the control system of a drier could reduce drying time and perhaps improve product quality.

From this analysis, the report will list the options that could be relevant to consider — based on expert experience. At
this stage, each option will be described just very briefly to be sure;sure that all relevant options have been taken

into consideration.

The rappertreport will then select 1-3 options, which at this point in the analysis could all be preferred options,
depending on the results of the more detailed analysis.

From this list, the report will identify one as the preferred solution to be examined in detail first as the base case.

In some cases, the preferred solution could be obvious. In such easecases, the analysis should consider possible
variations over the solutions. If for example it is obvious that there is no alternative to steam supply for the

PAGE 6 OF 16



processes, and if the current boiler needs to be replaced, alternative options could include such elements as
selection of fuel, implementation of a heat exchanger to recover waste heat in the process etc.

3 Analysis of baseline project

The level of detail of the description of the business case should be decided based on the situation. Remember that
the purpose of the pre-fs is to allow the enterprise to decide whether to invest in a feasibility study of one selected
solution. The analysis should only take the steps necessary to facilitate such a decision.

The analysis should be designed to reduce the level of uncertainty regarding the costs and benefits of the project.
HIf, for exampleexample, the preferred solution has already been implemented in several other facilities and if the
data efon costs etc. are available, this could be key information, possibly supplemented with analysis of possible
specific concerns if implemented in the enterprise. On the other hand, if there is no strong reference case, the pre-fs
may have to involve quite detailed analysis of the entire process to establish the capacities needed, investment
costs, the energy consumption required, maintenance costs etc.

3.1 Purpose of project
What isare the reasons behind and origin of the project, i.e. for which purpose is the project proposed, for example
- improved energy efficiency
- replacement of existing worn-out equipment

- capacity expansion
- reduced SO2-emissionsCOp emissions or other environmental objectives { Formatted: Subscript
- Etc.

Often energy efficiency projects will meet several of such purposes. The defined purpose of the project should guide
the pre-fs, and the conclusions of the report should include an assessment of how well the proposed solutions meet
the purposes.

3.2 Scope of the project
The scope of the project includes all physical and logistic elements that will be affected by the proposed project.

- List all the main areas, installations etc. to be affected by the project, such as indoor or outdoor space,
equipment etc.

- List the utilities (electricity, water, heating, cooling, ventilation,—cempressedventilation, compressed air) that
could be affected by the project, for example changes in the need for utilities.

- List the adjoining processes, buildings etc. that might be affected by the project.

- List any possible relation to development plans of the enterprise, (expansion; new products or processes
etc.).
If the project has a major impact on systems supplying other parts of the enterprises, such as a cooling system,
compressed air systems etc., it should be considered to expand the scope of the project to include the whole of such
system, not only the supply to the project area. For example, the new project might involve a reduced temperature
requirement on a refrigeration plant, possibly enabling an increase in cooling compressor suction pressure, which in
turn would increase efficiency of cooling throughout the plant.
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3.3 Design basis for the project
Any development of energy efficiency projects shall at best be founded on a clear and solid understanding of current
and future energy consumption and operating situation for a facility (baseline situation), assuming that the project
under investigation in the pfre-fs report will not be undertaken.

The pre-feasibility study as such shall present a design basis for the project in the following areas.

Present and projected capacities
Depending on the character of the proposed project, an expected future production volume for the facility and the
impact from this on the project area in focus should be described.

This might be a question of eapasitythe capacity of relevant processes and equipment, but it might also be a
question of introducing new processprocesses and utility parameters to meet a future energy demand.

Present and projected baseline data

The pre-fs report shall describe current and projected energy and projected consumption and — if relevant — also
water consumption at the facility in total and for the specific project area in focus.

First the total annual consumption of each fuel / energy carrier (electricity, steam) should be summarized for the last
3 years and — if needed data is available — the projected energy consumption for the coming years.

Then, for the area and installations to be affected by the project, all relevant costs to be affected by the project
should be listed.

Next to direct costs for energy and water, other operating costs for the area in focus might be relevant for the project
development, for example, costs of labor, maintenance, raw materials, utilities, taxes etc.

Regarding projection of energy prices, it might be relevant to include an assumption on prices of carbon credits,
which are expected to be implemented from 2028.

In addition, the baseline data should include current and projected CO2 emission data, including direct emissions
from combustion of fossil fuels as well as indirect emissions from electricity consumption. MONRE updates annually
the average CO, emission factor for electricity’.

If relevant, also other greenhouse gas emissions should be accounted for, such as methane or refrigerants with high

global warming potential.

Table 1 outlines how this data could be presented in the report.

2023 2026 2030

Annual product output (tons)

Annual operation hours (hours)

Fuel consumption

Electricity consumption

Water consumption (m?) { Formatted: Superscript

Cooling consumption (MWh)

Compressed air consumption (Nm2) { Formatted: Superscript
‘_—FinaI_ReporT on the Study and Development of Emission Factor for Vietnamese Electric_al Grid in 2018, prepared by Ozone La_ ere——— [Formatted: Justified
Protection _and Low Carbon Economy Development Center, Department of Climate Change. MONRE. Access link:
ttss//q.vn/wocontent/ugloas/2920/(3/inort Emission Fctor_ E.Ddf [ Field Code Changed

{ Formatted: Highlight
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Fuel price (VND/ton)
Electricity price (VND(MWh)
Water price (VND/m2)

Annual fuel costs (million VND)

Annual water costs (million VND)

Annual utility costs (million VND)

Annual labor costs (million VND)

Annual maintenance costs (million VND)

(Other costs affected by the project) (million VND)
Annual CO, emissions (tons)

Table 1-. Outline of summary of projected product output and related costs of energy, utilities and other costs.

The current and projected situation is to be considered as a baseline for the project.

Other relevant data

The key process data should be reported when relevant. These are parameters critical to the process itself, which
should be maintained (and — if relevant optimized) in the proposed project. Such parameters could include pressure,
temperature, mass flow etc.

Other relevant data might include possible expected upcoming regulation;regulations that could affect the facility,
such as environmental regulation, international market developments and many more.

The areas listed above might not be complete and will depend highly on the project in focus.

Other relevant environmental impacts
Typically, EE projects would have a-rumber-ofseveral environmental impacts, which could be grouped into the below
categeriescategories below. For any given project, only a few of the categories may be of relevance.

Pollution of air:- This relates to emissions of dust, particles, carbon monoxide, NOx and other
substances potentially harming the health of people in the facility as well as in the surroundings and/or
plants and animals.

Pollution of water: ;This relates to harmful substances into water streams or into the ground. AlseAlso
thermal pollution in the form of heating up water in a stream, for example when using this water for
process cooling, can be harmful to life in the stream.

Impacts on extraction / production of raw material / input material: If the project involves adding or
removing input material, which have considerable environmental impacts during production and
transport, such impacts should be at least mentioned in the report. Ir-many-cases

4 Solution description

The planned project (base case) should be described in more detail. If there is more than one possible solution to be
assessed, one specific solution should be selected for detailed assessment. The alternative solutions should then be
described by the ways in which they differ from the main solution (chapter 5).

For the base case, the following should be described:

- The solution principle
- Main equipment and installations to change and/or install
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- Assessment of necessary investments (CAPEX)

- Assessment of changes in operating costs (OPEX)
- Assessment of environmental impacts

- Assessment of non-energy benefits

In addition, the project’s impact on other areas and activities in the facility should be described.

4.1 Solution principle
The overall principle of the base case should be described and outlined graphically, indicating the main installations
as well as the main eperationoperating parameters, see example in figure 1.

0il cooling
Compressed loop
air
. Multiple

Alr 80°C different heat

compressor
consumers

Intake air

Accumula-

80 °C tion tank

Heat pump X

Cooling system
Figure 1. Example of principle diagram for heat recovery project

4.2 Key equipment
A summary of the key equipment to install or change should be provided to describe key elements of the project —
firstof-allfirst for the solution itself, including process equipment, utilities, process control systems etc..—secondly,
secondly for other works regarding electrical installations, buildings construction, foundations etc.

An overview table with key equipment and capacities and data for each of these can establish a good overview of
the project.

Equipment Technology Capacity Operating Comment
data

New boiler Steam boiler 8 ton/hour 6 bars Additional capacity needed and with a
new boiler the energy efficiency will
increase

Building - - - Necessitate changes in the building for

modifications installing the new boiler.

New stack New stack for condensing operation
and including noise reduction
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New steam Supply to new workshop
distribution

Water Additional capacity needed and a better
treatment water quality is desirable
Project costs Management, design, construction

sitesites, insurance etc.
Table 2. Example of summary of key elements for project (example new larger boiler installation)

Often energy efficiency projects necessitate changes in other areas than the key equipment itself, i.e. electrical
works, changes of control and automation systems etc. An overview of such implications shall be presented in this
section of the pre-fs report.

4.3 Assessment of necessary investments (CAPEX)
Based on the overview of the solution and related works as summarized above, an estimate for the expected
investment level (CAPEX) shall be established, as illustrated in table 3.

Equipment CAPEX Source of Level of certainty Comments
(Mill. VND) | information of nent

New boiler 30,000 Quotation +/- 5% Cheapest from three
bidders

Building 2,000 Estimate +/- 40% Own estimate

modifications

New stack 4,000 Quotation +/- 5% Quotation from one
vendor

New steam 6,000 Budget prices +/- 25% From one contractor

distribution based on a site visit

Water treatment 5,000 Quotation +/- 5% Cheapest from two
bidders

Project costs 5,000 Estimate +/- 25% Estimation of all costs
related to the project

Contingency 6,000 Chosen greater than
uncertainty

Total 58,000 +H-11% Weighted uncertainty

Table 3. Example of overview of CAPEX-elements (hardware)

The sources of this information can be inputs from suppliers of equipment, experiercesexperience from previous
facility projects, inputs from service partners and electricians etc. or inputs from experienced specialists and
consultants.

No matter what, the project has not been engineered in detail at this stage and uncertainties should therefore be
included in the CAPEX-budget as “contingencies”.

Next to expected hardware costs, it is however important also to include an overview of other project related costs,
by example:

- Own resources for project management

- Assistance from consultants and specialists
- Fees and costs related to approvals etc.

- Other non-energy related cost impacts
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The total costs of the project (CAPEX) should be presented with an accuracy of +/- 25% or better at this stage of the
project. In any case, the level of accuracy must be indicated in the report.

4.4 Energy savings
Information about energy consumption after implementation of the base case project may again be obtained from
reference cases. If such are not available, the report must provide an assessment based on assumptions regarding
efficiency and other key parameters. Again, the report should clearly state the assumptions and indicate the level of
uncertainty.

Energy cost savings

Future energy costs should be calculated based on the projected energy prices as outlined in chapter 3. The energy
cost savings should be assessed for the economic lifetime of the project (the number of years of writing off the
investment). Often, assumptions regarding future energy prices may have a significant impact on the financial
viability of the project. In such easea case, the report should show a few different scenarios of price development
(sensitivity analyses), indicating how they affects the cost savings.

Assessment of changes in operating costs (OPEX)
Most often, energy efficiency and CO»-reduction projects aim at reducing energy consumption and therefore are
associated with a cost saving and a payback period/return of investment.

As a result of the pre-fs work, results for change of operating costs (OPEX) should be reported summarizing all
major elements of the cost picture, i.e.:

- Savings from reduced energy consumption (Mill. VND/year)

- Changed costs from change of energy supply source (Mill. VND/year)?

- Changed maintenance costs, within as well as outside of the project area, such as utilities
- Savings from reduced consumption of water (Mill. VND/year)

- Ete.

Quantification of the value of non-energy benefits
An energy efficiency project might have a number of non-energy benefits, for example:

- Improved sustainability profile - Reduced CO2 emissions might increase the competitiveness of the
enterprise in a market where clients are expecting sustainable manufacturing. Possibly the market division
of the enterprise can quantify the value of this.

- Reduced outage hours - Replacement of outdated equipment may reduce planned or unplanned outage
hours of the production. The value of this may be quantified by the enterprise.

- Competences — a solution might necessitate new skills and competences of operators, purchasers of raw
materials etc., which should be stated as a part of the basis for the project. The associated costs should be
quantified.

To the extent that the value of these impacts can be quantified, those values should be included in the financial
analysis of the project.

2 In case fossil fuel is substituted with electricity for heat pumps, an increased cost for energy can be seen. This
could be offset by cost savings from improved product quality, increased production capacity and others.
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4.5 Financial analysis of the solution
In order for the management to be able to evaluate the financial benefits of the project, the pre-fs should make a
calculation of the key financial indicators: Simple pay-back period, Net Present Value (NPV) and Internal Rate of
Return (IRR). In addition, the analysis could show the cash flow, but this may not be required at the pre-fs stage.

A detailed guide to financial analysis can be found in the Guidance for Fe

[ Formatted: Font color: Accent 1

o

4.6 Other non-energy benefits
In addition to the above-mentioned non-energy benefits that can be valued, there may be a number of impacts which
cannot easily be monetized, but which may nevertheless be of great importance to the final decision on how to move
forward.

Examples of such impacts are:

- Capacity gains directly on the specific system, but also on related systems
- Quality gains

- Flexibility improvements

- Spacerequirements

- Reduced labor costs

- Future expansion opportunities

- Extension of lifetime

- Reduced waste

- Compliance with regulation

- Space requirements — new installations might require more or less space
- Ete.

More details regarding non-energy benefits can be found in this guideline®.

5 Alternative solution strategies
It is a central part of a pre-fs project to consider and document alternative solutions strategies:
- Are widely different solution technologies available seen from a “helicopter view"?
- Is the scope of the project defined tetoo narrowly?
- Are solutions with higher energy efficiency available?
o In terms of boundaries for the project?
o Interms of solution scope?
o Interms of auxiliary equipment (motors, fans etc.)?
- Can capacity demand for energy-using equipment be reduced by expanding project scope?
o Is the project scope too narrow to also include efficiency in related processes and equipment
- Can new technologies (BAT) be considered to cover the whole or parts of the project scope
- Etc.

The assessment of each of the alternative solutions should follow the same principles as described in chapter 4.

The summary should present any relevant alternative solution strategy and which impact this will have on the
business case with special attention to investment costs, long-term operating costs and net-present value: NPV, IRR

3
https://ec.europa.eu/research/participants/documents/downloadPublic?’documentlds=080166e5bd4f4af7&appld=PP
GMS
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and payback period. The key-data for alternative solutions should be compared directly to the base-case (“no project
situation”).

Scenario Investment | Operating IRR NPV COp emission Other impacts compared { Formatted: Subscript
costs costs (VND) | (VND) | reductions to base case
ICAPEX /OPEX compared to
(VND) (VND/year) baseline

Main

solution

Alternative A

Alternative B

Table 1. Economic and COp-comparision of alternative solution strategies { Formatted: Subscript

5.4 Other project development questions
Depending on the character of the project, many other questions might be relevant to address in the pre-feasibility
phase. Below, some of these are described.

Risk assessment and sensitivities
For the preferred base case and — if relevant — selected alternative scenarios, risks associated with the business
case shall be assessed —i.e. if the business case will be significantly impacted by:

- Changes in energy prices

- Changes in production volumes and production mix
- Introduction of CO2-abetement costs

- Increasing complexity

- Introducing new technology

- Education of staff or lack of knowledgeable staff

- Ete.

For the most important areas, sensitivity analysis should be carried out to assess to which degree the business case
will be affected by changing pre-conditions.

The project may also involve certain other risks that the management needs to be aware of before making a
decision. For example, there could be techrolegytechnological risks associated with the new technology, if the
application of the technology is not tested under the-spescificspecific conditions. Such risks could include impact on
the product quality, the costs and time for maintenance and more.

For long-term investments, there may be the risk that the market situation makes the technology obsolete before
endthe end of economic lifetime.

The pre-fs should carefully address all such risks that could be foreseen.

Stakeholders and permits
The pre-feasibility report shall report any relevant stakeholder question that reedneeds to be addressed in the
feasibility study, for example, any question related to:

- Neighbors

- Customers

- Supply chain

- Local and governmental authorities
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Stakeholder questions can be related to:
- Increased emissions of dust
- Wastewater
- Noise
- Traffic

For certain projects, required building permits, environmental permits etc. should be d in the pre-feasibility
phase and described in the report.

6 Financing strategy
For large projects, a financing strategy shall be assessed if the company cannot cover investments via its own funds.

The project developer should be aware that sustainability projects with high CO»-saving potentials might have
access to more attractive loan-schemes in banks than projects based on fossil fuels.

7 Conclusions on preferredthe preferred solution and further
steps

The conclusions from the pre-feasibility phase shall be described, first to conclude on a preferred project scope and
the most attractive alternative solutions.

Along with these conclusions, recommended further work shall be described-, comprising by example:
- Plan for further activities and technical clarifications
- Which resources are necessary in the feasibility phase
- Which competences are to be involved in further work
- Should external experts and specialists be involved
- Should preferred supplies take a role in further project development
- Final decision on project scope
- Clarification of financing questions
- Dialogue with stakeholders and authorities regarding approvals and permits
- Clarification of own resources and funds for project development
- Clarification of internal milestones and approvals
- Clarification of internal project owner in further project development
- Etc.

An expected time schedule for further project development shall be presented.
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