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A B S T R A C T

Small hydropower (SHP) has a global reputation as a ‘green’, low-carbon energy source that improves rural
livelihoods and contributes to local economic development. In China, SHP has grown rapidly since the early
2000s, particularly in the water-rich provinces in the country’s southwest. However, because SHP plants in China
are privately-operated and approved by local governments, there is an incentive to construct large, multiple-
cascade systems to generate as much power as possible. In many areas, this has led to over-development of SHP
and associated negative environmental and social impacts. In this paper, we identify the factors that shape
geographies of SHP over-development, what we refer to as ‘shades’ of green energy. We then analyze the direct
and indirect impacts of over-development. We draw on interviews and electricity generation data from six
prefectures in Yunnan province, one of the world’s largest hydropower producing regions. We find that pre-
fectures that operate in a semi-autonomous way in electricity management and industrial planning are most
prone to over-develop SHP, since they depend on hydropower revenues from electricity generation and local
energy-intensive industries. We also find that over-development of SHP causes streamflow reductions and un-
stable electricity generation, and in some areas, drives an increase in environmentally-destructive mineral
processing and reduces irrigation water access. These findings suggest a need for coordinated river basin
planning on small watersheds and a reassessment of the role of SHP in local economic development.

1. Introduction

Small hydropower (SHP) is often promoted as a ‘green’ energy
source that drives rural electrification and climate change mitigation
without the ecological footprint of large hydropower or fossil fuels
(UNIDO and ICSHP, 2013; Nautiyal et al., 2011; Huang, 2009; Hicks,
2004). For areas without access to the power grid, SHP can provide
relatively stable, low-cost electricity in place of traditional fuels such as
firewood and charcoal (Gurung et al., 2012; Mahapatra and Dasappa,
2012; Nautiyal et al., 2011; Byrne et al., 2007). Unlike large dams,
many SHP plants are ‘run-of-river’ diversion-type schemes that have
negligible reservoir regulation. For many low-income countries, SHP is
the only renewable energy source that can be developed economically,
since it does not require investment in large-scale electricity infra-
structure. For these reasons, SHP construction is booming across large
parts of the world (Ferreira et al., 2016; Mishra et al., 2015; Dursun and
Gokcol, 2011), making it extremely important for rural energy provi-
sion and local economic development globally.

There is no international consensus on the definition of SHP. SHP

systems range from micro-turbines that power only a few households or
villages, to permanent facilities that produce large amounts of elec-
tricity. This lack of agreement causes large variances in national sta-
tistics and makes it difficult to compare SHP between countries. The
International Center for Small Hydropower, which publishes the World
Small Hydropower Development Report, refers to SHP as <10megawatts
(MW) installed capacity. Using this definition, at the end of 2012 there
were more than 75 gigawatts (GW) of SHP installed in 148 countries
and territories (UNIDO and ICSHP, 2013).

China is the world leader in SHP development, boasting nearly half
(∼35GW) of global installed SHP capacity using the definition of
<10MW. The Chinese government itself defines SHP as <50 MW; using
this definition, China has 73GW of installed SHP capacity as of end 2014.
This latter figure is comparable to the entire installed hydropower capacity
of Canada or the U.S., which rank third and fourth in the world in nations
with the most installed hydropower capacity. Fig. 1 provides an overview
of installed SHP and hydropower capacity in selected countries, using both
the <10MW and <50MW definitions. For the remainder of this paper,
we use the Chinese definition of SHP as <50MW.
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The Chinese government first deployed decentralized SHP in the
1950s for household rural electrification in mountainous regions, and
over time SHP became a primary electricity source for rural towns and
industries. Preferential policies made SHP an attractive investment for
local governments, who could become self-sufficient in electricity while
reducing household firewood collection (Li, 2012; Zhou et al., 2009). In
the early 2000s, the Chinese government reformed and privatized en-
ergy generation, prompting a boom in private SHP construction that has
seen a three-fold increase in installed capacity in ten years (Cheng et al.,
2015). Unlike their public predecessors, private SHP plants generate
electricity for sale to the grid, which can incentivize investors to build
big and ignore environmental regulations. Indeed, recent studies of SHP
in China (Hennig, 2016b; Pang et al., 2015; Hennig et al., 2013; Kibler
and Tullos, 2013) and India (Premalatha et al., 2014; Abbasi and
Abbasi, 2011) highlight that rapid over-development of SHP can have
adverse environmental impacts, suggesting that SHP may not be ‘green’
after all.

Here, we define over-development as a rapid, uncoordinated in-
crease in the size, number, and operating hours of SHP in a location
where there is either 1) insufficient electricity demand or 2) more
suitable energy alternatives to SHP. This results in an oversupply of
electricity that cannot be taken up by the grid. Over-development can
occur in the context of a watershed or river basin, or in the context of
the electricity grid at different administrative levels (e.g. county, pre-
fecture).

Other studies have recognized this over-development trend, but
have tended to focus only on specific aspects, such as increase in plant
size (Li et al., 2013), cascade development by different companies
(Wang et al., 2015), or dispatching issues (Cheng et al., 2015; Yang,
2011). While these studies help identify local contextual factors that

lead to over-development, they do not analyze how these factors in-
teract with each other and with national policy, nor why they lead to
over-development in some places and not in others. Moreover, while
the direct environmental impacts of SHP cascades have received some
scholarly attention (Pang et al., 2015; Kibler and Tullos, 2013), the
indirect impacts that result from energy-intensive industries that use
SHP electricity have so far been ignored. In short, focusing only on
specific problematic issues and direct environmental impacts misses the
multiple geographies of SHP development and their varied effects on
the water-energy nexus (Hennig et al., 2016; Keskinen et al., 2016;
Biggs et al., 2014). Such analysis is crucial if SHP is to be managed as a
‘green’ electricity source that contributes to environment and devel-
opment goals without causing ecological harm.

This article has three purposes. The first is to identify and analyze
the local contextual factors that shape geographies of SHP, resulting in
what we refer to as ‘shades’ of green energy. The second is to construct
a typology of SHP based on these factors, and identify the specific types
that are prone to over-development. The third is to discuss the direct
and indirect impacts that over-development of SHP causes, placing
special emphasis on the indirect consequences of energy-intensive in-
dustries that use SHP electricity. We present this typology and analysis
as not only a study of SHP in a specific region of China, but as ap-
plicable to SHP development in many parts of China and other devel-
oping countries where SHP is being promoted through national policy.

We chose Yunnan province in southwest China as the location of
this study for two reasons. First, Yunnan has the highest SHP installed
capacity of any province in China, and is the world’s largest SHP-pro-
ducing region. However, it remains highly under-studied, both its hy-
dropower resources and its economic development trajectory. Second,
unlike other provinces in China, Yunnan’s electricity grid is not yet fully
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Fig. 1. Overview of global hydropower development in 2014. Includes data for countries with hydropower production >20 TWh per year, an installed hydropower capacity >5GW, or
an installed SHP capacity >500MW.
Data sources: (BP, 2015; Hennig, 2016a; IHA, 2015).
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