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In summary, we
propose that a
systematic and
comprehensive
approach to
hydropower
planning can help
countries deliver
better development
outcomes for
their people.

Executive Summary

This report examines hydropower development in Myanmar to explore a fundamental
challenge: how can governments make informed decisions about infrastructure
development that will deliver the broadest range of benefits to their people over the long
run? Hydropower provides a clear example of this challenge.

For many countries, hydropower is a strategic resource that could increase energy
supply at low costs and make important contributions to water resources management
and development objectives (potential “co-benefits” of hydropower development and
management). However, current approaches to hydropower development often fail to
achieve this potential for broad benefits and incur high environmental and social costs.
Decisions are often made at the scale of individual projects without a comprehensive
understanding of how these projects fit within the larger context of both infrastructure
systems and social and environmental resources. Short-term and project-focused
decisions are not likely to produce hydropower systems that can fulfill their potential to
achieve broad benefits and balanced development. This is because they will be systems
in name only. In reality, they are groups of individual projects that are not well
coordinated, miss opportunities for more optimal designs, and often cause high social
and environmental costs—contributing to conflict and uncertainty for future
investment. Most governments do not have a process in place to plan true systems and
to strategically select projects that are in the best public interest.

We explore two broad hypotheses. First, hydropower planning at a system scale can help
governments, developers and other stakeholders find better-balanced solutions with
lower impacts and conflicts. Second, countries can adopt system-scale approaches in
ways that avoid creating unacceptable burdens or delays. In summary, we propose that a
systematic and comprehensive approach to hydropower planning and system design can
help countries deliver better development outcomes for their people. We tested these
hypotheses by developing an illustrative framework for hydropower planning and
investment in Myanmar.

HYDROPOWER IN MYANMAR

Myanmar is a lower middle-income country with a large deficit in power supply. Only
one-third of the population has access to electricity and lack of power constrains efforts
to overcome poverty. At the same time, the country has a large undeveloped hydropower
potential, estimated at 100 gigawatts (GW), some of which could be used to satisfy its own
demand while some could be sold as energy exports to generate revenue for the country.

Myanmar’s rivers provide a range of other benefits and resources. Rivers such as the
Irrawaddy support productive fisheries, and Myanmar ranks fourth in the world in
terms of inland fisheries capture. Nationally, freshwater fish harvests produce over 1.3
millions tons per year and employs approximately 1.5 million people. Irrigation, water
supply, and navigation are other importhant uses of the water in the country’s rivers.
About 506 freshwater fish species have been recorded within Myanmar, 56 of which are
endemic.
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Potential sites for hydropower dams (Map 1) vary widely in terms of their technical feasibility, cost, potential for
co-benefits, and impacts on social and environmental resources. Further, project sites could be developed with different
designs (e.g., smaller or larger dams), and reservoirs could be managed with a range of different operating regimes (e.g.,
run-of-river operations, seasonal storage, or daily peaking) and these alternatives also affect the range of co-benefits and
impacts from hydropower. For example, seasonal storage is often a prerequisite for co-benefits such as irrigation, water
supply, navigation or flood control. Different types of operations can vary widely in terms of their impact on a river’s flow
regime and resources affected by flow, such as fisheries. Collectively, decisions about which dams to build and how they are
designed and operated will determine whether hydropower in Myanmar is consistent with broad goals of sustainable
development or if its impacts will cause social and environmental disruptions.

MAP 1. Map of hydropower projects in Myanmar
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The current delivery model for hydropower in Myanmar, as in most other countries, is
not designed to manage these complexities. Recent hydropower development has
generated a great deal of controversy due to environmental and social impacts. Much of
the public perceives that power sector institutions and investors choose individual
projects strictly on technical and financial criteria and give insufficient attention to
cumulative impacts, trade-offs, and the potential for public co-benefits from reservoirs.
The selection process is seen as a black box, with low levels of transparency and
accountability. Given this context, it is not surprising that conflicts have led to
suspensions for some major investments—such as the Myitsone project on the
Irrawaddy River, and other projects have been contested and delayed, resulting in major
costs to developers and to power consumers. These perceptions and conflicts, in
Myanmar and elsewhere, erode public confidence in decision making and increase
uncertainty for investors and funders.

Myanmar’s new democratic government now has to make important choices about
hydropower management and development and it has indicated that it will emphasize
sustainable energy. The objective of this study is to inform these choices. Rather than
looking at the feasibility and sustainability of individual hydropower projects in a
traditional case-by-case manner, we propose an approach for system-scale planning that
compares different hydropower portfolios based on their quantitative performance
across multiple criteria and visualizes this performance in a way that supports informed
policy and investment decisions. Here we define a hydropower portfolio as a specific
combination of existing and/or potential dams, with each dam having a defined location,
design and operation. The planning approach does not presume additional dams
because some portfolios will only include existing infrastructure, including alternative
operating regimes. The criteria to measure portfolio performance should be defined by
stakeholders to represent their interests or benefits from river management (e.g., energy,
fisheries, navigation).

Our illustrative approach recognizes that all relevant stakeholder interests are
legitimate and should be taken into account in a transparent manner and does not
weight or otherwise pre-determine the different interests. The approach would allow
decision-makers to balance trade-offs between different interests and to identify a
combination of infrastructure and operations that will yield the fullest benefits to the
country. It can lead to a better understanding of how to manage risks to the economy,
communities, and ecosystems and point out actionable steps to achieve a broader range
of benefits across economic, social and environmental values.

PHOTO: © Xianzi Tan
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ILLUSTRATING THE BENEFITS OF A SYSTEM-SCALE APPROACH:
ANALYSIS OF OPTIONS FOR THE MYITNGE RIVER

The timeframe and resources available for this study did not allow a comprehensive system-scale planning exercise at
the scale of the country or a major river basin. Instead, we illustrate the potential benefits of system-scale planning by
applying the framework to development options on the Myitnge River, a medium-sized tributary of the Irrawaddy River
(Map 2). Development options within the Myitnge sub-basin are relatively simple, drawn from a potential hydropower
cascade of up to five projects. Ten different stakeholder interests (‘metrics’) were defined: average and firm electricity
generation; investment costs; flood control; navigation; displaced people; forest loss; fishery support; fish biodiversity;
and sediment load. We examined multiple portfolios that represent different combinations of dams and operational
rules. Each portfolio was quantified in terms of performance across all 10 metrics with outcomes simulated over 50 years.
To illustrate that some metrics cannot be accurately measured at the scale of a sub-basin such as the Myitnge (e.g., the
movement of migratory fish throughout a larger basin), some additional analyses were conducted at the scale of the

entire Irrawaddy basin.

MAP 2. Current existing, under construction and planned dams in
the Myitnge River basin
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The results illustrated that some interests are compatible with each other but, for other
interests, there are clear trade-offs. The results, and associated visualizations, can allow
decision-makers and stakeholders to discuss and negotiate alternative development
scenarios. The results and visualizations can also identify portfolios which will allow a
better balance among a set of interests. For example, as generally expected, a larger
number of dams in the Myitnge sub-basin causes increased fragmentation, sediment and
nutrient trapping, and flow alteration, thus reducing the sub-basin’s contribution to the
overall fishery support in the Irrawaddy basin. However, there are several combinations
of dams and operating rules that produce almost the same amount of energy, but with
much lower impacts on fishery support (Figure 1).

FIGURE 1. Trade-off between support for fisheries and mean annual
hydropower generation
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Trade-off between support for fisheries and mean annual hydropower generation. Each point shows
the performance achieved by a combination of infrastructure investments and their operating rules.

This study was focused more on demonstrating the potential for a system-scale approach
to improve decision making rather than trying to inform specific decisions for the
Myitnge. The results from the Myitnge analysis do illustrate the benefits of a system-scale
approach to planning hydropower. The analyses show that different development
pathways will have large differences in performance across important interests and that
some of these differences and opportunities can only be detected by looking at the system
scale, rather than by evaluating projects one-by-one. The products of a system-scale
approach can identify trade-offs to be discussed and negotiated in a rational and
constructive process and point toward win-win solutions. Using a system-scale planning
approach would allow Myanmar to carefully choose which investments it wants to
prioritize in order to achieve portfolios that provide a more balanced or desirable range
of benefits.

PHOTO: © Justin Blethrow
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IMPLICATIONS FOR MYANMAR AND FOR OTHER COUNTRIES

During the period of this study, Myanmar was undergoing an unprecedented phase of
political transition. The new political arrangements, including peace agreements, are
still fragile, and a new economic system is emerging. The outgoing government
intentionally left decisions on contentious hydropower projects to the future. The
transition presented a number of challenges for this study: uncertainties over future
government leaders and the direction they may envision for energy development and
hesitancy of officials to make any commitments until the new leadership sends clear
signals. However, the transition also provided a unique and timely opportunity to
present some hydropower planning approaches and reform options.

The previous government’s approach to hydropower development was to attract the
maximum possible amount of hydropower investment. As a result, essentially all
interested developers were encouraged to go forward with their proposed projects.
However, after an initial wave of development interest earlier this century, relatively few
projects have actually progressed because of security issues in ethnic minority regions,
political uncertainty, and conflicts over environmental and social impacts leading to the
suspension of some large-scale projects. Thus, even from a narrow commercial
perspective, this non-selective, single-project approach seems to have had limited
ability to meet economic needs, let alone to satisfy environmental and social stakeholders.

The Election Manifesto of the National League for Democracy (NLD) suggests that the
new government will take a fresh look at the role that hydropower will play in future
energy plans. Thus, the new government has the opportunity to evaluate the potential
for the system-scale approach described in this report. Whatever decisions the
government makes in terms of managing existing hydropower or developing new
hydropower, those decisions can be informed by a system-scale approach that seeks to
deliver broad development benefits.

The government has the opportunity to make decisions that can move Myanmar toward
a hydropower system that delivers broad benefits while minimizing environmental and
social conflicts. This report suggests that achieving positive development impacts
through hydropower will most likely occur through a system-scale approach that can
identify the best portfolios of projects. A new planning and licensing mechanism will
need to be designed so that the country can select the best combination of projects and
ensure that they are implemented and managed properly.

Building new planning and licensing mechanisms will not be simple, but the
government of Myanmar has two advantages. First, because very few projects have been
built-and none on the mainstems of the Irrawaddy and Salween-the government has
many choices and a wide range of portfolios is still possible. Second, the new
government has a clear mandate to apply high standards to the hydropower sector.

In the short term, the government could apply a relatively simple screening process and
apply some risk-management “rules of thumb.” This process would identify those
projects likely to have the greatest conflicts and would allow the government to focus in
the short term on projects that are likely to have relatively limited impacts, such as
projects within existing cascades. In the medium term, over the next 12-18 months, the

The new government
of Myanmar has two
advantages. First,
because very few
projects have been
built, a wide range of
portfolios is still
possible. Second, the
government has a
clear mandate to apply
high standards to the
hydropower sector.
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Strategic Environmental Assessment (SEA) for the hydropower sector in Myanmar,
funded and contracted by the International Finance Corporation (IFC), will provide an
opportunity to expand the discussion about system-scale issues. In parallel and in the
longer term, government may want to consider building a comprehensive hydropower
planning and selection mechanism, to prioritize projects that are clearly in the public
interest. Bilateral or multilateral funders could support this process.

Several lessons have been learned from the study in Myanmar that are applicable in
other countries, and to other infrastructure sectors. The approach presented in this
study-integrated, quantitative, multi-criteria and multi-project planning, also called
‘Hydropower by Design’ by The Nature Conservancy-is still relatively new. It is part of
an emerging trend and is recognized as the ‘next frontier of hydropower sustainability.’
Here we built on existing examples and combined spatial analysis with water resource
management simulations to compare alternative portfolios of projects and development

pathways. We believe that this approach has shown real potential value and that the
technical analysis at its core could become an important contribution to the planning
toolbox. Although it was relatively quick and inexpensive to apply, largely using publicly
available data from global datasets, the approach was able to generate a plausible first
approximation of development options for a basin.

Further, we improved understanding of the context in which such tools can be applied. A
new planning and licensing mechanism, whether for Myanmar or any other country,
depends not only on improved data. Absent improved decision processes, this would
simply replace one ‘black box’ approach with a more complicated black box. A simulation
model can identify a set of portfolios that are worth discussing, but it cannot replace
political and investment decisions. Rather, we see system-scale planning as an opportunity
to introduce a more accountable and transparent decision-making process that will lead
to greater legitimacy and public acceptance of decisions. Stakeholder engagement is
critical to developing useful models—for example by identifying and calibrating the
metrics to track within the simulations-and stakeholder support will facilitate
implementation of the promising portfolios identified by the planning approach.
System-scale planning is as much a governance challenge as it is a technical challenge.

The project has been made possible by a financial contribution from the United
Kingdom’s Department for International Development (DFID) as well as in-kind
contributions from The Nature Conservancy (TNC) and WWF; the organizations and
individuals that were part of this collaborative effort are listed in Annexes 1 and 2.

HOTO: © Xianzi Tan
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Chapter 1: Introduction

This study addresses a fundamental challenge: how can governments make informed decisions about infrastructure
development that will deliver the broadest range of socio-economic benefits to their people over the long run? Further,
given urgent needs for economic development, how can governments take this strategic and comprehensive approach in
away that does not result in unacceptable delays for planning? Hydropower provides a clear example of this challenge.
While hydropower can increase energy supply and make other important contributions to development, decisions about
individual projects are often made without considering the broader context of water management and river functions.
These short-term and fragmented decisions can result in inefficient outcomes, create unnecessary conflicts, and
constrain future options for systems that will deliver broader benefits. Yet most governments do not have decision
processes or regulations in place to strategically select projects that are in the best public interest.

We explore two broad hypotheses. First, hydropower planning at a system scale will inform consensus-building and
decision-making processes which are more transparent and accountable, helping governments, developers and other
stakeholders find better-balanced solutions. Second, system-scale approaches can be adopted by countries in ways that
avoid creating unacceptable burdens or delays. In summary, we propose that a systematic and comprehensive approach

to hydropower planning and investment can help countries deliver better development outcomes for their people.

PHOTO: © Joerg Hartmann
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Access to electricity
is one of the main
bottlenecks for
development in
Myanmar.
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HYDROPOWER DONE RIGHT COULD MAKE SIGNIFICANT
CONTRIBUTIONS TO SUSTAINABLE DEVELOPMENT

The challenges of sustainable energy and water infrastructure development are well
illustrated by Myanmar, a lower middle-income country with a large deficit in power
supply. Only one-third of the population has access to electricity, and lack of power is
holding back efforts to overcome poverty. At the same time, the country has a large
undeveloped hydropower potential, estimated at 100 gigawatts (GW), some of which it
could use to satisfy its own demand and some of which could be used to generate
revenue through exports.

Alack of electricity-including an overall lack of supply and a lack of reliability of supply-
undermines socio-economic development in various ways. Businesses (for example,
farmers relying on electric irrigation pumps) invest less when they do not expect power
to be available, and lose production due to short-term blackouts. They may have to
spend more to provide their own alternative or back-up power generation (for example,
diesel pumps and generators). Generally, studies show a high willingness of consumers to
pay for reliable electricity supply, significantly higher than the costs of actually delivering
power. Estimates of the cost of ‘unserved power’ vary widely between countries and
between commerecial, residential and other types of consumers (World Bank 2009).
While there are no specific estimates of the cost of unserved power for Myanmar, it is
safe to say that access to electricity is one of the main development bottlenecks.

There is also broad agreement among energy planners that hydropower can be one of
the cheapest and most flexible sources of electricity. While initial capital costs are high,
operating costs are very low and well-run projects can deliver services for many decades.
Different types of hydropower projects can deliver base load and peak load power, and
provide a proven technology for storing power when grid demand is low. Thus, they are
also a valuable part of a future low-carbon generation mix that includes intermittent
renewable sources such as wind and solar. Almost all countries with a significant
hydropower potential have moved to base their power systems on this source. Funding
constraints can usually be overcome where there is a clear economic and commercial
case for investing in hydropower. Water storage offered by hydropower reservoirs can
also be used for other purposes, such as domestic water supply, irrigation, flood control,
navigation, recreation and fisheries, and dams often are managed for several of these
purposes. These co-benefits often do not generate significant direct revenues and would
not be delivered without investments in hydropower.

BENEFITS AND DRAWBACKS ARE HIGHLY SITE SPECIFIC

In addition to the multiple benefits described above, hydropower can have several
serious disadvantages. Inflows to the reservoir are naturally variable, between seasons
and between years, and are likely to become more so with climate change. Creating more
storage space to deal with this variability is costly, and not only in monetary terms. The
costs include land lost to the reservoirs, access roads and transmission lines, with all its
human uses and ecosystem values. They also include far-reaching changes to rivers
downstream of reservoirs, again with negative impacts both on human users and on
aquatic ecosystems. One example for a negative impact is related to the fragmentation of
river systems. Each project-with its dam, reservoir and/or dewatered stretch below the
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dam-acts as a barrier, which is at best partially permeable to the downstream and
upstream movement of fish. Fragmentation also affects other activities and processes
such as navigation and sediment transport, with sediment and its associated nutrients
being extremely valuable for downstream agricultural areas and for the stability of river
channels, banks and deltas. Furthermore, while reservoirs can be used for multiple
purposes, these are rarely fully compatible with each other (often even conflicting), and
often lead to additional complexities in financing, design and operations.

The range of positive and negative impacts across individual projects is much larger for
hydropower than for other sources of power. A gas-fired power plant can be bought ‘off
the shelf’ and is fairly straightforward in its economic, environmental and social
impacts, with only minor differences between locations. By comparison, no two
hydropower projects are the same. They are individually designed and operated for each
site, and show wide variations in their costs and benefits. Myanmar has sites available

that are located between two existing dams, benefit from upstream storage and require
no resettlement, with minimal downstream impacts. But the country also has sites
available with major storage capacity, and major population displacement and
fragmentation implications.

Finally, a significant development issue is the distribution of positive and negative
impacts among population groups. While local communities may recognize larger
benefits for the nation, few are willing to sacrifice and accept negative impacts, such as
displacement by a reservoir, if they do not share in these larger benefits more directly.
This could be through local access to power, a local share in the royalties, or significant

The range of positive
and negative impacts
across individual
projects is much larger
for hydropower than
for other sources

of power.

community development initiatives. An unfair distribution of benefits and costs is likely
to trigger or aggravate regional conflicts. Benefit sharing should be applied to all projects,
and is not generally seen as a criterion for choosing between projects.

PROJECT SELECTION BY DEVELOPERS IS UNABLE TO DEAL
WITH COMPLEXITIES

Given this wide variety of project options with variable costs and benefits, the selection
process for individual projects becomes very important. Project selection generally
starts with engineering surveys, which identify technically possible projects and provide
first estimates of costs. Traditionally, these would then be reviewed and the most
promising sites for meeting estimated power demand would be selected, through a
government-led least-cost master planning process. Because this process generally
rested in the hands of a single agency (e.g., the Ministry of Energy), these master plans
typically focused on a narrow range of resources and values.

Most countries have now deregulated their generation sectors, and this master-planning
approach has largely been superseded by developers identifying preferred projects.
Typically, they then obtain an exclusive temporary right to prepare a site, through a
Memorandum of Understanding (MoU) with government. As the last step in the
selection process, they apply for an environmental license, which comes with a number
of conditions for mitigation actions attached. Additional mitigation actions may be
taken to satisfy safeguards formulated by financiers, or as part of voluntary corporate
social responsibility commitments.

PHOTO: © Joerg Hartmann
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There are a number of
key problems with
having developers
‘cherry pick’ projects.

PHOTO: © Ralf-André Lettau

Developers’ preferences may be for the lowest costs per kilowatt hour (kWh), a certain
installed project capacity, low risks or any other combination of project features.
However, there are a number of key problems with having developers ‘cherry pick’
projects in this way:

In the absence of master plans that provide a comprehensive evaluation of all
project options, developers draw on incomplete information and may not
actually be able to identify an option that best conforms to their own search
criteria.

Even if they are able to identify the ‘cherries’, their preferences are not
necessarily the same as those of the host country. Developers want projects
they can build while, ultimately, a government wants the best overall system of
energy and water management. It is possible, for example, that a developer

can only obtain finance for a small project at a given site, while the best
development option for that site would actually be a larger project.
Construction of the small project precludes the larger project and the better
overall system that the larger option would make possible.

Developers often assume that mitigation solutions can be found for any site,
and thus, environmental and social risks can be evaluated in a separate, later
step. However, experience shows that site selection is the most important
decision in terms of environmental and social impacts, and poor site selection
can lead to impacts that cannot be effectively mitigated. Thus, even after
mitigation, large performance differences remain between projects, and this
exposes them to regulatory and public-acceptance risks. By the time
environmental and social problems or negative impacts on other economic
sectors become apparent, developers and politicians may have already made
significant commitments, leaving no easy way out.

Related to the previous issues, a developer is generally only responsible for
one site. However, in a region with multiple existing and planned projects, the
economic, environmental and social implications can only be properly
evaluated by looking at the cumulative impacts at the system scale. Treating
all projects as if they were stand-alone almost certainly leads to sub-optimal
(i.e., economically inefficient) outcomes.

While not developing a project is a reversible decision, developing a project is
largely irreversible and can create path dependencies. A certain preferred
configuration of projects is no longer possible once one project is built in the
‘wrong’ place (or, as described above, the wrong project is built at a site).

Developers generally have a shorter time horizon than governments should
have, which can be related to their higher cost of capital or the limited
duration of licenses and concessions. As the near future is more predictable
than the distant future, developers may not aim to select and design projects
that perform well under a range of uncertain future conditions.

14 SYSTEM-SCALE PLANNING: MYANMAR 2016



GOVERNMENTS ARE LOOKING FOR OPTIONS TO REFORM PROJECT SELECTION

Growing awareness of these problems is leading an increasing number of countries to re-consider their project selection
mechanisms. In many countries, hydropower planning and ownership are dominated by the public sector. These public
utilities or state-owned enterprises are expected to act in the public interest, although in practice, their experience and
incentives are often oriented towards technical and financial criteria.

The following case studies from Brazil, Chile, Colombia, Norway and Iceland, illustrate examples of the different ways
governments have tried to improve hydropower planning. There are positive elements from each case that ought to be
considered, but also clear flaws that should be avoided.

Learning from Experience: Brazil - Public Project Selection Weakened by Insufficient
Stakeholder Consultation

Brazil has kept the selection of projects in the public domain, and only invites developers to bid on projects once
these have been identified through a systematic planning process. While this process does consider cumulative
impacts and is conducted at the basin level, it is seen as quite technocratic with insufficient attention to a range
of environmental and social issues, and has not led to full acceptance by stakeholders. Some Brazilian projects
such as Belo Monte, have suffered multiple interruptions due to stakeholder protests and interventions by the
courts; the costs of these interruptions are estimated at several million US dollars per day.

Learning from Experience: Chile - The Costs of a Failed Project

Planning reforms are sometimes triggered by major conflicts over projects. Such conflicts cause financial costs of
delays and cancellations, but also opportunity costs of unserved power, administrative and political costs, and
reduce the attractiveness of a country for investors. In Chile, developers have repeatedly failed to convince the
public, the administration and the courts that their projects are in the public interest. They had already spent
more than US$320 million on the largest project (HidroAysén with 2,750 megawatts [MW]) when the incoming
government canceled it in 2014. By that time, different government agencies and stakeholders had already spent
an unknown amount of resources on dealing with the project; the Environmental Licensing Agency’s project
website alone had more than 11,000 documents. HidroAysén had also become a political issue, and arguably was
one of the reasons for the change in government.

As a consequence, risk perceptions for investments in the Chilean power sector have increased, power supply is
failing to keep up with demand, and costs to consumers are rising. In an attempt to overcome past problems, the
current government in Chile is now upgrading its sustainability standards and making relevant information
easily accessible for all rivers. However, it remains to be seen how that will influence project selection.
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Learning from Experience: Colombia - Thorough Project-Level Evaluation Could Be
Improved by Multi-Project Assessment

In Colombia, the licensing process for hydropower provides some opportunity to consider multiple impacts,
values, and alternatives during the early stages of project selection. Developers are required to submit several
high-level design or siting alternatives for consideration by the Ministry of Environment, and the chosen
alternative is then evaluated through a detailed feasibility study and environmental impact assessment (EIA).
However, this process compares alternative options for a single project rather than comparing different projects
with each other and prioritizing among them. In its annually updated generation expansion plan, the Ministry of
Energy treats equally all technologies and all projects registered by developers.

Colombia also illustrates how improved information and mitigation policies can contribute to system-scale
approaches. Within Colombia, The Nature Conservancy has developed a “conservation blueprint” for the
Magdalena River that can guide system-scale decisions for hydropower, including siting of projects, priorities for
conservation, and application of a new mitigation policy that includes compensation or “conservation offsets.”

Learning from Experiences: Norway and Iceland - ‘No-Go Areas’

A number of countries have improved stakeholder acceptance by setting aside no-go areas. Responding to
emerging concerns, Norway conducted a country-wide master-planning exercise in the 1980s, applying two
criteria (unit costs and conflict potential, with several sub-criteria) to several hundred potential sites. The plan
was ratified by parliament and designated approximately half of the remaining hydropower potential as open for
development, while the other half was declared protected from dam development to maintain other values.

There are a number of other countries which have identified no-go areas. Iceland regularly updates its master
plan, and divides the remaining hydropower and geothermal potential into three categories (open for
development, protected from development, and left for future consideration). Every four years, the new
parliament appoints a stakeholder and expert committee, and at the end of the term, votes on the committee’s
proposal. Some countries, like the United States with its “Wild and Scenic Rivers’ legislation, have created their
own protected areas category for no-go rivers. These approaches help to increase legitimacy and transparency in
the selection process, assure stakeholders that not all rivers will be developed, and thus help to reduce tensions.

Convincing stakeholders that only the best projects will be selected appears to be especially important in
countries that export a large share of their power, either directly or, like Iceland, in the form of power-intensive
products like aluminum. In these cases, stakeholders are likely to insist that special care be taken to not impose
unnecessary domestic impacts for the sake of hydropower developed primarily for export revenues and royalties
rather than domestic supply.
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WHAT SHOULD A MODERN APPROACH TO PLANNING INCLUDE?

The complexities of selecting hydropower projects that are in the best public interest
should not be underestimated. An effective process will require data acquisition,
analysis, dialogue and decision-making - all conducted within an institutional
framework that can represent and balance various stakeholder interests.

We are proposing planning that follows an integrated, quantitative, multi-criteria and
multi-project approach; also described as “Hydropower by Design” by The Nature
Conservancy [TNC; Opperman et al. 2015):

BOX 1. Hydropower by Design

Hydropower by Design - An integrated, quantitative multi-criteria and
multi-project planning approach

* Integrated because it considers all relevant criteria simultaneously, rather
than sequentially; by comparison, most assessments, whether at the project
level (EIA) or above the project level (cumulative and strategic environmental
assessments), are implemented after technical-financial studies;

* Quantitative rather than qualitative, to increase the rigor of the analysis and
the confidence in comparing multiple options;

e Multi-criteria because of the multi-faceted positive and negative impacts of
hydropower; and

e Multi-project (or system scale) because cumulative positive and negative
impacts of multiple projects are difficult to predict from a sequence of
project-based assessments and a portfolio of hydropower investments that
offer the broadest range of benefits can generally only be identified at a
system scale, rather than project-by-project.

We are proposing an approach that strives to design an overall system of water and energy
management, one composed of individual projects that work together and are designed
to collectively produce a broader range of benefits to society than could be achieved by an
approach characterized by uncoordinated decisions about individual projects. It is worth
bearing in mind that the proposed approach differs significantly from traditional
planning and assessment instruments, as shown in Table 1 below.

TABLE 1. The scope of existing planning and assessment instruments

Single Project Multiple Projects

Technical and Financial * Pre-Feasibility Study * Master Plan
Criteria * Feasibility Study
* Financial Model
» Designs and Tender

Documents
Environmental, Social » Environmental and Social * River Basin Management/
and Impact Assessment Development Plan
Economic Criteria » Cost-Benefit Analysis » Strategic Environmental Assessment
* HSAP Assessment » Cumulative Impact Assessment
* Environmental and Social * RSAT Assessment
Management Plans » High Conservation Value

Assessment/ Conservation Blueprint

We are proposing an
approach that strives
to design an overall
system of water and
energy management,
one composed of
individual projects that
work together and are
designed to
collectively produce a
broader range of
benefits to society
than could be achieved
by an approach
characterized by
uncoordinated
decisions about
individual projects.
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Hydropower by Design
aims to consider
multiple criteria and
multiple projects from
the beginning, in an
integrated way.
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The preparation of individual projects through feasibility studies and subsequent EIAs
does consider multiple criteria, but frequently misses opportunities to run these studies
in parallel and iteratively improve siting, design and operational rules to identify overall
best-fit solutions. An increasing number of countries and financiers also require
assessments of cumulative impacts. However, again these are generally done after most
important project decisions have been made. Because they are an approvals
requirement, rather than a planning instrument, they typically focus on the incremental
impact of the project under consideration against the background of other projects,
instead of on the total impact of all projects in the region, and how it could be reduced.
Further, these processes’ emphasis on impacts—whether individual or cumulative-does
not address the potential for planning well-balanced systems for water and energy
management that maximize a broader range of benefits.

Traditional master planning for hydropower, as conducted in many countries up to the
1970s or 1980s, did look at multiple projects. However, it did so using a small subset of
the criteria that would be considered necessary today; generally only technical
feasibility, cost per kWh (levelized cost of energy) and cost per installed kW, and average
and firm generation. Strategic environmental assessments are sometimes proposed to
bring additional criteria to bear on hydropower master plans. They are often qualitative,
or use relatively simple project-by-project metrics (such as, installed MW per km? of
reservoir area, or number of displaced people). In some cases, as in Vietnam, these have
been used to reconsider the ranking or sequencing of projects. In principle, SEAs could
also apply water resource or energy modeling approaches to generate more
comprehensive quantitative and cumulative insights.

Using tools beyond those in the upper left cell of Table 1 will add more information and
context, and will improve project quality. It would be significant progress if all countries
regularly used a broad range of these available tools. However, Hydropower by Design
goes one step further. To avoid a sequential process—in which environmental, social and
economic criteria are introduced only after all important project or program decisions
have already been taken—-Hydropower by Design aims to consider multiple criteria and

multiple projects from the beginning, in an integrated way.
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ACCOUNTABILITY LEADS TO PUBLIC ACCEPTANCE

The transparency and legitimacy of decision-making processes provides an important
final distinction between traditional planning and assessment approaches and our
proposed approach.

All these approaches (Table 1, page 17) can be, and often are, conducted by groups of
experts in a closed process. Many countries involve stakeholders only in a formal and
cursory manner, and do not make studies available to the public. Often these processes
are largely managed by a single department, agency or ministry. At best, the process may
allow some input from other government departments who, in theory, represent
different stakeholder interests. The ultimate decision generally rests with a powerful
government department such as the Ministry of Energy, generally with strong influence
from developers. Very rarely are hydropower projects stopped through the
environmental licensing process. Indeed, if agencies raise and sustain objections, their
leaders may be more likely to resign or be removed. Sometimes authoritarian
governments see no need to further explain decisions or to address the lack of
participation; sometimes it is argued that the selection problem is technically too
complex to allow substantial stakeholder involvement, or that it is more important to
keep investment flowing into the sector. The ‘black box’ nature of this process generates
stakeholder distrust and frustration, and with good reason: even where decision-makers
try to optimize outcomes, for example through cost-benefit analysis, this involves many
expert opinions and value judgments that are not shared with stakeholders. Rather than
being at the center of attention, trade-offs can easily be hidden by assuming that if there
is an overall benefit, losers will either be directly compensated by winners or will
somehow gain from trickle down benefits.

The alternative is to organize the planning and decision-making process with the
objective of developing a ‘shared vision.” The guiding principles would be transparency,
awillingness to consider multiple perspectives and the trade-offs between them, and an
interest in finding balanced outcomes. Stakeholders would be involved in formulating
the objectives, sharing data, building trust in the analytical tools and participating in the
decisions. If a government is not yet prepared to open up decision processes to interest
groups, it could at least organize an interagency process, perhaps chaired by a neutral
institution such as a planning agency or a water resources commission.

BOX 2. Our Hypothesis

Integrated, quantitative multi-criteria and multi-project assessment and
planning (Hydropower by Design) can identify portfolios of projects that
collectively perform better than those produced by more limited approaches; but
just as importantly, by being conducted in the open, it can help stakeholders find
compromises and identify win-win solutions and generate a consensus in society.
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Chapter 2: System-Scale Planning
of Hydropower

This chapter provides a conceptual framework to guide system-scale planning before we apply the approach to
Myanmar in the following chapters.

THE OVERALL OBJECTIVE OF SYSTEM-SCALE PLANNING IS SUSTAINABLE DEVELOPMENT

At the most general level, the objective of system-scale planning is to inform and catalyze a balanced and sustainable
development trajectory for a region or country. Applied directly to rivers, this means that a region or country should
maintain a system of rivers that can provide a broad range of socio-economic benefits to people. This can be
accomplished by designating rivers, or sections of rivers, as “healthy” and “working”. Healthy rivers deliver a range of
ecosystem services, including productive fisheries that have high economic and cultural value, particularly in large,
tropical rivers. Working (managed) rivers can contribute to development objectives for energy, navigation, flood-risk
reduction, and water supply. Sometimes the same river reach can be considered both healthy and working; sometimes
different parts of a river system get assigned different functions, with protected (healthy) and highly developed
(working) reaches in different parts of the river system.

In their recent report about healthy rivers, Parker and Yates (2016) identify some key findings of relevance to
hydropower planning (Table 2).

TABLE 2. Key concepts from “How do healthy rivers benefit society” working paper

How do healthy rivers benefit society

Rivers provide a wide range of benefits, yet are often exploited to deliver a relatively narrow range of objectives; the scope for
attaining more benefits in many basins is large.

Economic benefits (e.g., commercial agriculture or hydropower) imply trade-offs amongst themselves, and with other benefits
such as environmental goals. Understanding these trade-offs is a helpful step towards integrated water management.

Some benefits are more easily linked to economic outcomes, which should not preclude others.

Disservices such as flood risk also have to be managed.

The realization of benefits is often enhanced by human interventions (infrastructure, institutions, etc).

Groups and sectors typically benefit unequally from rivers, so tracking benefits incurred throughout the basin over space and time
is an important part of arriving at water management interventions that achieve broad support.

Source: Parker and Yates, 2016

Construction and operation of reservoirs and hydropower infrastructure in a river basin will be an important
determinant of river health and productivity. Dams and reservoirs—through their location, design and operation-change
the physical processes of the river basin and affect the other economic and engineering functions within that basin.
Collectively, a group of hydropower projects in a river basin will constitute a system, whether or not it was intentionally
designed as a system or whether it evolved through a series of uncoordinated, project-level decisions. The impact of
hydropower systems will vary widely depending on how projects were selected. This ranges from poor results, where
benefits in one sector come at the high expense of other values, to high-performing, healthy and productive systems that
can achieve balanced and equitable development for a country.
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The overall goal of system-scale hydropower planning is to ensure that hydropower projects act together to advance
economic, social, and environmental goals in their region. This central goal leads us to formulate three core questions
about strategic hydropower system design:

* Has the overall hydropower system been designed such that it cost-effectively meets regional power demands,
consistent with a sustainable approach to energy development for that country?

* Have trade-offs between hydropower production and other stakeholder-defined economic, environmental and
social objectives been identified, quantified, deliberated and balanced?

* Does the planned portfolio of hydropower projects achieve robust and resilient performance under a wide range of
plausible futures (i.e. considering both supply and demand uncertainty due to unknown future climate, economic,
demographic and institutional changes)?

If the answer to each of these questions is yes, effective system-scale planning of hydropower has been achieved. The
following sections of this chapter outline a proposed process and approach to arrive at affirmative answers to these
questions.

HOW CAN A HYDROPOWER SYSTEM BE DESIGNED?

Effective system-scale planning begins with understanding the role hydropower could play in meeting national or
regional energy demands. Once target levels of hydropower production have been set, different hydropower projects
that alone or in combination could meet those targets are represented within a river basin model.

In some cases, that model can be relatively simple. For example, if the main interest is in balancing hydropower
development and the connectivity of the river system, it may be sufficient to compare scenarios with different dam
locations to understand trade-offs between energy and fragmentation. An ecological model could then predict how fish

are affected by fragmentation. If the main interest is in balancing hydropower development and the loss of land, it may
be sufficient to identify the areas inundated by reservoirs, and the values associated with them. These might be highly
productive agricultural lands, indigenous communities’ lands, or protected areas. Some examples for such analyses from
Mexico, Colombia and Brazil are presented in TNC’s 2015 Power of Rivers report.

PHOTO: © GUnther Grill
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Understanding
how hydropower

alternatives affect
other users of water
will require a river
basin simulation
model.
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Understanding how hydropower dam alternatives affect other users of water will
require a river basin simulation model that can track flows and storage of water over
time and predict the energy production of a particular hydropower system design as well
as system performance across a range of other resources. These models can also be
combined with the spatial analyses described above. The spatial analyses can either be
an intermediate step towards calculating a particular performance metric; for example,
fragmentation can be an input to a metric for fishery support. Or they can directly
provide one of the performance metrics; for example, loss of forest land.

The river basin simulation model should be built in collaboration between a broad group
of stakeholders so there is confidence that it is an accurate representation of the river
basin and its resources and of its potential future infrastructure and management.
Stakeholders should also lead or inform development of a comprehensive list of
performance metrics that they agree quantify the relevant economic, social and
environmental impacts of the river basin’s management. The model is therefore able to
predict performance across a diverse set of metrics for any possible system design. In
addition to using current or historical conditions, design performance can be compared
in terms of robustness and resilience under differing plausible futures. Finally, model
output should be able to be displayed with clear visual graphics to facilitate dialogue and
deliberation of trade-offs. Deliberation of trade-offs sets the scene for informed
negotiation of designs by the major stakeholders in the final decision-making stage.

The approach chosen for the analysis in Myanmar and described in Chapter 4 combined
both spatial analysis and a river basin simulation model. The remaining sections of this
chapter focus on the river basin simulation model, describing specific components of
the modeling approach. To illustrate how the model works and how it can inform
decision making, the chapter includes brief summaries of two previous applications of
similar models.

Energy System Planning

In the proposed approach, we assume that an energy planning exercise has been
conducted which identifies anticipated energy demands and sources, with a goal of
meeting a country’s realistic future demand in a way that can meet economic, social, and
environmental objectives, including for greenhouse gas emissions. This high-level
planning can identify a target for hydropower production levels for one or more time
horizons that will be consistent with a sustainable plan for energy development.

Hydrological and Ecological Analysis

Accurate hydrological information on river flows will be an important part of any study,
as planners will want to estimate production based on the best available hydrological
data. If future hydrological uncertainty is to be considered (e.g., in relation to future
climate change), a diverse set of hydrological inflows should be developed. In addition to
hydrological time-series analysis, spatial work should be completed (e.g., to be able to
measure hydrological connectivity and other hydro-ecological metrics). Products such
as a conservation blueprint can improve understanding of the geographic distribution of
important social and environmental resources.
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River Basin Modeling

The performance of hydropower projects depends on factors such as river flows, water management rules, and upstream
and downstream water use. The river basin simulation model (or simulator) acts as an impact model, which estimates
various measures of performance for any given hydropower portfolio. Here we define a hydropower portfolio as a
combination of existing and potential dams, each with a defined location, design and operation. An open and inclusive
approach to managing the river basin simulator should be followed so that a broad range of stakeholders are co-owners
of the model and support its credibility and accuracy.

Participatory Identification of Performance Metrics and Uncertainties

In addition to financial capital and operating costs, and engineered quantities like firm and total energy yield, the river
basin model should track various metrics of system performance relevant to other sectors. Examples could include
irrigated agricultural production, ecological indices (e.g., fisheries), navigation, sediment transport, number of people
displaced by dams, loss of high conservation value areas and indigenous lands, etc. Stakeholders are likely to suggest
metrics that directly measure the extent to which their interests are being met. Some metrics may make more sense to
experts who understand causal relationships. For example, some basic knowledge of fluvial gecomorphology is required
to interpret the relevance of sediment transport, and some basic knowledge of fish biology is required to interpret the
relevance of river fragmentation. Models can use intermediate metrics (e.g., fragmentation) or metrics that result from
one or more intermediate metrics (e.g., fisheries productivity could be the result of various habitat metrics, such as
fragmentation).

PHOTO: © Paola Bernazzani
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Trade-off plots show
the benefits achieved
by the best performing
alternatives.
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Trade-Off Analysis

In this step, we filter through many plausible hydropower portfolios to identify the most
efficient ones (i.e., those where subsequent improvement in one metric can only come at
the expense of another metric). To filter through plausible portfolios, the simulator is
linked to a search engine to perform computer-assisted filtering and produce results in
the form of sets of high-performance portfolios, which can be visualized as trade-off
curves or surfaces. Trade-off plots show the benefits achieved by the best performing
alternatives (also called the Pareto-front or ‘efficiency frontier’ - see the black points in
Figure 2). These are the alternatives that cannot be further improved in any dimension
without losing some other benefit(s).

FIGURE 2. Performance of hydropower system portfolios
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Plot showing how each system portfolio of different hydropower investments (each point) produces

a different combination of environmental and hydropower benefits. The black points denote the
non-dominated, highest performing asset combinations (Pareto-efficient), the grey points are the
dominated portfolios (Pareto-inferior). The dark points trace a curve that will typically be of interest
to system planners and decision-makers. Note the inflection or tipping point in this plot, beyond which
more hydropower production comes with a greater relative decline in environmental performance.

Robustness Analysis

In this step, the search process seeks to evaluate hydropower system portfolios not just
over historical data, but against a diverse ensemble of plausible future scenarios. One
way to achieve this via a search process is to link the search to not a single simulation of
historical conditions, but to a range of plausible scenarios. In such a way the robustness
of a portfolio can be evaluated. Due to time and data constraints, this step was not taken
for the exercise in Myanmar, but would be an important part of a fuller application of
this approach.

Deliberation, Negotiation and Decision-Making

The output from the simulator should provide clear and visual results illustrating
trade-offs, providing a solid foundation to inform the dialogue and decision processes of
amulti-stakeholder group. Each group would be armed with the ability to compare
portfolios and advocate for those which best meet their goals. This multi-stakeholder
group should include direct representatives of groups that will be affected by decisions,
representatives of government departments with responsibilities for different sectors
and issues, representatives of different regions, or a combination of those.
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WHAT VARIATIONS OF THIS APPROACH HAVE BEEN TESTED?

The key tools to implement a process as described above include hydrological and GIS spatial data analysis tools, a
generalized river-basin management simulation model, a search technology, and visual analytics software to enable
stakeholder understanding and negotiation.

Different variations of the analyses above have been conducted in various countries. The case study boxes below
summarize two examples for trade-off analyses from Nepal and Kenya.

Kenya - New Hydropower and Irrigation Investments on the Tana River

In Kenya’s Tana basin there is competition for water between key economic sectors and the environment. The
basin has 4.4 million inhabitants, 567 MW of installed hydropower capacity, 33,000 ha of irrigation, and
ecologically important wetlands and forests. This study sought to identify and help decision-makers visualize
reservoir management strategies that result in the best possible (Pareto-optimal) allocation of benefits between
sectors. The study also seeks to show how trade-offs between achievable benefits shift with the introduction of
new proposed rice, cotton and biofuel irrigation projects.

The management decisions investigated here are the volume-dependent reservoir release rules for the three
major dams, and the extent of investment in new irrigation schemes. These decisions are made to maximize the
provision of water supply and irrigation, energy generation, and maintenance of ecosystem services, which
underpin tourism and local livelihoods. Ecosystem services depend on floods which inundate floodplains in the
lower Tana basin. Trade-off plots help stakeholders assess multi-reservoir rule-sets and irrigation investment
options by visualizing their impacts on different beneficiaries. Results quantify how economic gains from
proposed irrigation schemes trade-off against disturbance of the ecosystems and local livelihoods. Full
implementation of the proposed schemes is shown to come at a high environmental and social cost (Hurford and
Harou, 2014).

FIGURE 3. Infrastructure configurations and trade-offs
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Trade-offs implied by different operating modes of key existing and planned infrastructure in Kenya's Tana basin.
Source: The University of Manchester, WISE-UP to Climate project
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Nepal - New Hydropower Investments in the Koshi Basin

FIGURE 4. Planned hydropower projects in the Koshi basin study
Nepal — New Hydropower Investments in the Koshi Basin
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Source: World Bank, 2016

This study used a river basin impact model to simulate the Koshi basin hydropower system and its operation
over a 30-year period. The system simulation includes various run-of-river and storage hydropower dams under
consideration. Metrics considered included hydropower generation, the reliability and resilience of irrigation,
water supply allocations, and environmental flows.

The system simulation model was linked to a multi-criteria search algorithm that filtered billions of possible
combinations of investments and their operating modes to identify a small set of high-performing portfolios
(the most efficient and robust combinations of options), given a range of uncertainties. This high-performing
group of proposed projects and the trade-offs between their benefits was assessed visually (e.g. Figure 5 below,
which shows the trade-off between the number of expected negative environmental events and hydropower
generation).

FIGURE 5. Koshi basin study trade-off
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Koshi basin study trade-off between the number of environmental flow failures over a 30-year period and the annual power
generation with colour of points representing the capital costs of new hydropower projects. Source: World Bank, 2016
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These case studies underscore how basin-scale assessments of hydropower systems are most useful when
interdependencies exist between various parts of the environmental-economic system and/or when the various possible
interventions are contested. In this case, system-scale trade-off analysis (Geressu and Harou, 2015) can help bring
clarity about the performance of different bundles of proposed projects. System-scale assessment of hydropower
investment is especially useful when the following apply:

* Various hydropower investments are being considered at multiple sites and they might impact each other, as well
as existing uses and infrastructure projects.

* Diverse benefits are expected from the water system (e.g., hydroelectric generation, municipal and agriculture
supply, flood control and others), development will cause negative impacts, and trade-offs between these interests
and their stakeholder groups need to be managed to reduce conflict and achieve broadly shared development
benefits.

* Decisions about new hydropower projects are sensitive to uncertainties such as climate change, future energy
demands, energy prices, etc.

Because almost any part of a system can affect the performance of many or all other parts, system-scale analysis can
reveal insights that are surprising and would not emerge from simpler, independent analyses of individual projects.

PHOTO:© Gunther Grill
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Chapter 3: Water Resources and
Hydropower Development in Myanmar

This study adapted the generic approach described in the previous chapter to the specific situation in Myanmar and its
Irrawaddy River basin, with primary focus in a selected sub-basin, that of the Myitnge River. This chapter provides
background information that was used to build the model and that will help to interpret model results and the
conclusions drawn in the final chapter. It should be kept in mind that there is very little publicly available information
on planned hydropower projects, their water resource management implications, and environmental and social impacts.
Myanmar has only recently introduced formal EIA requirements, and EIA documents and license conditions are not
easily accessible.

MAP 3. Topographical Map of the Irrawaddy Basin
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MYANMAR IS RICH IN WATER RESOURCES

Myanmar is a lower middle-income country with a population of 53 million and an
income per capita (PPP) of US$4,706 per year. The country encompasses 676,590
square kilometers (about the size of France), and has abundant natural resources with
46 percent forest cover and 1,003 billion cubic meters per year of renewable internal
freshwater resources. Per capita, this is more than twice as much water as the United
States and more than 15 times as much as China. About 506 freshwater fish species have
been recorded, 56 of which are endemic, and Myanmar is the world’s fourth country in
terms of inland fisheries captures.

Myanmar’s two main rivers, the Irrawaddy and Salween, are part of a group of rivers—-the
others include the Brahmaputra, Mekong, Yangtze, and their tributaries—that arise in
the eastern Himalayas and are fed by tropical monsoons. The Brahmaputra, Irrawaddy
and Salween are also some of the world’s largest and longest remaining free-flowing
rivers, providing habitats to many freshwater species and important ecosystem services.
Due to the monsoon climate, river runoff is highly variable between the seasons and also
from year to year. There are about 13,000 square kilometers of permanent waterbodies
in Myanmar, and 70,000 square kilometers of seasonal floodplains.

Myanmar’s two main rivers, the Irrawaddy and Salween, are highly revered by its people.

The Irrawaddy rises from the northern border regions with China, populated by Kachin
people, and then flows through the heartland of the majority Bamar population. The
Salween (also called the Thanlwin, and the Nu Jiang in China) forms in China and flows
through a narrow valley for most of its course, forming the boundary between Thailand
and Myanmar after it leaves China, and then becoming fully within Myanmar’s borders.
Itis the main artery in the east of the country, populated by Shan and other minorities.
Ethnic divisions and conflicts over natural resources, such as timber and minerals, have
led to many conflicts in the region, some of which are unresolved.

The Irrawaddy (also called the Ayeyarwady) carries between 2,300 and 32,600 cubic
meters per second and, especially during tropical cyclones, can cause major flood
damage in the lowland floodplains and the delta (such as occurred in 2015). The fertile
delta is 22,000 square kilometers large and is maintained by a large sediment load,
estimated at 360-400 million tons per year. The delta coastline has remained largely
stable since sufficiently precise records are available, suggesting equilibrium between
sediment deposition and erosion. T