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MODULE 5: ASSESSING THE IMPACTS OF RENEWABLE ENERGY:
WIND AND SOLAR POWER
Learning Goals
•

To establish an understanding of the key potential social and environmental impacts of
the rapid development of wind and solar power.

•

To identify the scope and limitations of the quantification and valuation of renewable
energy impacts.

•

To identify the state of international good practice in the assessment of impacts.

Module Outline
1. Overview of recent developments globally in wind and solar power technologies and
economics.
2. Assessment of the potential of wind and solar for Vietnam.
3. Review of the potential impacts of different wind and solar technologies
a. Land based solar farms.
b. Floating solar power.
d. Onshore wind power.
e. Offshore wind power (to be discussed in detail in a separate module).
2. Methods and impact parameters for assessing the impacts of renewable energy on land
resources
a. Overall methodology (covered in an earlier workshop).
b. Agricultural land.
c. Forest land.
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1.

OVERVIEW OF RECENT DEVELOPMENTS GLOBALLY IN WIND AND SOLAR
POWER TECHNOLOGIES AND ECONOMICS

1.1

CHANGING MARKET

One key feature in the context of PDP 8 preparation is the scale and speed of change in global
renewable energy technologies and energy market. Figure 1 shows changes to the global
weighted average levelized cost of electricity (LCOE) for different power generation technologies
between 2010 and 2019. The picture the data in the figure paints is dramatic, with the cost of
solar and wind power both plummeting to a situation where they are more than competitive with
conventional power generation options. All predictions are that this trend will continue, and even
intensify, in the future as technologies improve, production is scaled up and finance is more
secure and less subject to a risk premium. The IRENA report notes that, in 2019, 56% of all newly
commissioned utility-scale renewable power generation provided electricity at a lower cost than
the cheapest new fossil fuel alternative.
Figure 1: Global Weighted Average Levelized Cost ff Electricity from Utility-Scale Renewable Power
Generation Technologies, 2010 And 20191

Note: This data is for the year of commissioning. The thick lines are the global weighted-average LCOE value derived
from the individual plants commissioned in each year. The project-level LCOE is calculated with a real weighted
average cost of capital (WACC) is 7.5% for OECD countries and China and 10% for the rest of the world. The
single band represents the fossil fuel-fired power generation cost range, while the bands for each technology
and year represent the 5th and 95th percentile bands for renewable projects.
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IRENA (2020), Renewable Power Generation Costs in 2019, International Renewable Energy Agency, Abu Dhabi.
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According to PV Status Report 2019,2 for the 9th year in a row, solar power attracted the largest
share of new investments in renewable energies, followed by wind power. According to market
forecasts, the installed PV power capacity of 520 GW at the end of 2018 could reach up to 1.4
TW by 2024. Figure 4 provides the trajectory of PV cell production from 2005 to 2019.

1.2

DECARBONIZATION OPPORTUNITY

The technological and market transformation coupled with a decarbonisation opportunity now
offers a sustainable, low-carbon climate safe foundation for stable, long-term economic
development. Global Renewables Outlook suggest it is possible to cut 70% of the world’s energyrelated carbon dioxide (CO2) emissions by 2050.3 Over 90% of this reduction would be achieved
through renewables and energy efficiency measures. Figure 2 outlines the renewable energy and
energy efficiency pathways to achieve emission reduction by 2050.

2
3

Jäger-Waldau, A. (2019), PV Status Report 2019
IRENA (2020) Global Renewables Outlook: Energy transformation 2050s
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1.3

SOCIO-ECONOMIC BENEFITS

The energy transition can also drive broad socio-economic development, guided by
comprehensive policies to foster the transformative decarbonisation of societies. This holistic
approach would align energy decarbonisation with economic, environmental and social goals.
The proposed European Green Deal – including international support for clean energy – provides
an example. Economic stimuli after the 2020 health crisis could move many societies in a similar
direction.
Renewable energy in increasingly creating new job opportunities worldwide. Employment in
renewable energy worldwide was estimated at 11.5 million in 2019, up from 11 million in 2018.
Women hold 32% of these jobs.4 Most jobs have been created in a small number of countries,
but employment benefits are showing up more widely, especially through the deployment of solar
photovoltaic (PV) technologies. Asia accounted for 63% of total jobs in renewables globally.
The solar PV industry retains the top spot, with 33% of the total renewable energy workforce.
Employment in wind power supports 1.2 million jobs, 21% of which are held by women. Figure 3
presents renewable energy employment by technology.
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IRENA (2020), Renewable Energy and Jobs – Annual Review 2020
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2.

ASSESSMENT OF THE POTENTIAL OF WIND AND SOLAR FOR VIETNAM.

2.1

OPPORTUNITIES IN VIETNAM

The global picture is reflected in the latest estimates for Vietnam. As Figure 2 shows, the data
available indicates that wind and solar already have a lower LCOE in Vietnam than fossil fuelbased power generation. This gap in the LCOE of renewables and thermal power generation is
expected to increase over the next ten years, a key period for the preparation of PDP 8. As the
Figure notes, this is true for the direct financial cost of the alternatives, not taking externalities
(which tend to be much higher for thermal power) into account.
Figure 2: Vietnam’s Average LCOE ($/MW hour) 5

The key changes and trend during the PDP 8 period are obvious, a much greater emphasis on
renewables and a consequent decrease in the future role of thermal power, and coal-fired power
generation in particular. The draft report for PDP8, has been prepared by IE and was submitted
to MoIT in the 2nd week of October 2020. The significant expansion of generating capacity, which
is necessary to meet the forecast growth of demand, will be met primarily through the rapid
expansion of renewable energy, though there will be some expansion of thermal power to ensure
5

https://asianinsiders.com/vietnam-bold-ambitions-for-a-greener-future-in-energy-production/
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a balanced and sustainable system in the future. The structure of power capacity set out in the
draft PDP 8 for the years 2030 and 2045 is as follows:
•

Hydropower: 18% in 2030, reduced to 9% by 2045

•

Coal thermal power: 27% by 2030, reduced to 18% by 2045.

•

Turbines gas/ oil: 19% in 2030 increasing to 24% in 2045.

•

Solar power: 14% in 2030 increasing to 20% in 2045.

•

Wind power: 14% by 2020 increasing to 22% by 2045.

•

Other sources (biomass, storage and imports): 8% in 2030 and 7% in 2045.

Table 1: Generation Mix for 2030 of Vietnam’s Power
Development Plans (Megawatts)
PDP 7
(2011)

RPDP 7
(2016)

Draft
PDP 8
(2020)

Generation
capacity 2030

137,388

129,508

137,800

Coal

77,160

55,252

37,200

17,465

19,078

26,200

Natural gas and
oil
Hydropower
Other renewable
energy
Nuclear

This represents a massive change
from the structure of the expansion
of different power generation
sources found in past PDPs (see
Table 1). The trends between the
PDPs are clear: the progressive
decline of coal and the rapid
expansion of renewable energy
between the PDPs.

The trajectory of the PDP 8 is
primarily
influenced
by
4,829
27,199
48,600
environmental concerns over the
continuing development of coal10,700
4,600
0
fired and large-scale hydropower
Imported
6,109
1,508
1,000
plants (and constraints in available
Source: Author’s calculations
financing sources) , the relatively
slow development of the natural
gas industry and the government's decision to suspend nuclear power development, solar and
wind power is generally viewed as a viable alternative to meet Vietnam's future electricity
generation needs. The sector has also been attracting direct investment from overseas as there
are no foreign ownership restrictions that apply to the development of renewable energy projects
in Vietnam.
21,125

21,871

24,800

In addition, Vietnam has great potential for developing solar and wind energy projects.
2.2

RENEWABLE ENERGY POTENTIAL

Vietnam has great potential for developing wind energy projects, having high degree of solar
irradiation which in some areas can exceed 4 kilowatt hours (kWh) per square meter (m²) per day
on average; and a coastline of over 3,400 kilometers (km) with average wind speeds ranging from
4.5 meters per second (m/s) onshore to 10 m/s in certain offshore areas. The technical potential
for the development of wind and solar power in Vietnam has been estimated to be over 600
gigawatts (GW in) aggregate.6
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Hohan Lovells (2020) Renewable energy projects in Vietnam 2019 in review and the horizon for 2020 March 2020
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2.2.1

Solar Power:

The latest data shows that a total of 332 solar projects have been registered with the total capacity
of 26,290 megawatt peak (MWp), including 121 projects (7,234MWp total capacity) that will begin
to generate electricity by 2020 and 211 (13,069MWp) awaiting approval. Solar energy projects,
including rooftop solar, are viewed as one of the major solutions to reduce pressure on the
electricity sector.
Vietnam’s potential for solar projects is reportedly very attractive as it benefits from natural solar
energy intensity of 5kWh per m² on average. Theoretically, the potential for solar in Vietnam is
60-100 GWh per year for concentrated solar power and 0.8-1.2 GWh per year in case of
photovoltaic systems.
Figure 3: Planned solar projects in Vietnam

Source: Challenges and Opportunities in the Vietnamese Solar Market, GIZ Energy Support Programme
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2.2.2

Wind Power:

Vietnam has enormous potential for developing wind energy projects, having a coastline of over
3000 kilometers with an average wind speed of 6 meters per second. The country’s technical
potential for wind power is assessed at 27 GW. However, there are currently very few operational
wind power plants in Vietnam.
Figure 4: Planned project in Vietnam

Source: Ministry of Industry and trade /GIZ Energy support programme

2.3

ENABLING POLICY ENVIRONMENT

The significance of renewable energy development is recognized not just in energy sector
policies, but also as central to Vietnam’s overall development policies. Core policies such as the
Vietnam Green Growth Strategy, the Sustainable Development Strategy, the 2016-2020 Socio-
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Economic Development Plan, the Law on Environmental Protection and the Nationally
Determined Contribution (NDC), for the Paris Climate Change Accord, all recognize the role of
renewable energy and energy efficiency and many contain specific targets for them. The same is
true for the energy sector policies such as the Law on Electricity, the Decision on the Renewable
Energy Strategy, several Decisions on individual RE resources, the Law and Decree on the
Economical and Efficient Use of Energy and the recently-initiated National Programme on Energy
Efficiency and Conservation for the Period 2019-2030 (VNEEP3).
The need to reorient the power sector to reflect these national policy aspirations was consequently
identified as a core issue for the development of the sector (and the PDP); a sector that faces a
series of new challenges and a changing international capital and power technology environment.
The Outlook Report gives a clear perspective on them:
“To embrace these opportunities for the development of its energy system, Vietnam is facing
new challenges: how to ensure an efficient use of domestic energy resources; how to
overcome the barriers for energy efficiency; how to utilize the economic potential for
renewable energy while securing a stable power supply, and how to successfully contribute
to mitigating climate change and air pollution” (page 14).
With Vietnam government pilot FiT rates for projects implemented between June 2017 and June
2019, the country has raised as a regional (South East Asia) leader in photovoltaic power
generation. The regulations set feed-in-tariffs in the wind and solar sectors, which are linked to
the U.S. dollar (although payable in Vietnam dong). For the first half of 2019, the solar tariff was
fixed at 9.35 U.S. cents/kWh. In the wind sector the tariff is set at 8.5 U.S. cents/kWh and 9.8 U.S.
cents/kWh for onshore and offshore, respectively. This represents an increase – including an
uplift for offshore wind projects – on the flat tariff of 7.8 U.S. cents/kWh that had been in effect
until November of the prior year.
Biggest fears remain in the bankability of EVN PPA’s agreement and reliable access to the grid.
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3.

REVIEW OF THE POTENTIAL IMPACTS OF DIFFERENT WIND AND SOLAR
TECHNOLOGIES

Renewable energy development provides tremendous environmental benefits. Vietnam
Renewable Energy Sector Review estimate that Vietnam would cut its CO2 emission by 57% or
59mn tons by 2030 if the additional coal-fired power capacity is fully replaced by green and
renewable energy sources such as solar and wind. 7 The table below gives the estimates of CO2
emission reduction for replacing coal by renewable energy sources in Vietnam.

However, it is important to understand the negative impacts of renewable energy and especially
wind and solar power, in terms of its sizeable land footprint requirement. There is almost no
experience in assessing these impacts and costs of externalities. The limited availability of
alternative lands means that it is likely to compete with that agricultural land, raising a severe food
security concern. In addition, there are several other environmental externalities associated with
its project cycle and technology specific life cycle. The figure below highlights the negative
environmental impacts associated with the development of renewable energy project. Similarly,
the table below provides the land requirement by type of technology. The technology specific
environmental impacts for solar and wind power is discussed in the section below.

7

Yuanta Research (2019) Vietnam Renewable Energy Sector Review
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Source: Dhar, A. et al (2019) Perspectives on environmental impacts and a land reclamation strategy for solar
and wind energy systems Science of the Total Environment.

Source: Stevens, L. et al (2017) The footprint of energy: land use of US electricity production Strata.
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3.1

LAND BASED SOLAR

The sun provides a tremendous resource for generating clean and sustainable electricity without
toxic pollution or global warming emissions.
The potential environmental impacts associated with solar power—land use and habitat loss,
water use, and the use of hazardous materials in manufacturing—can vary greatly depending on
the technology, which includes two broad categories: photovoltaic (PV) solar cells or
concentrating solar thermal plants (CSP); and the scale of the system—ranging from small,
distributed rooftop PV arrays to large utility-scale PV and CSP projects—also plays a significant
role in the level of environmental impact.8
3.2

LAND USE

Depending on their location, larger utility-scale solar facilities can raise concerns about land
degradation and habitat loss. Total land area requirements varies depending on the technology,
the topography of the site, and the intensity of the solar resource. Estimates for utility-scale PV
systems range from 3.5 to 10 acres per megawatt, while estimates for CSP facilities are between
4 and 16.5 acres per megawatt.
Unlike wind facilities, there is less opportunity for solar projects to share land with agricultural
uses. However, land impacts from utility-scale solar systems can be minimized by siting them at
lower-quality locations such as brownfields, abandoned mining land, or existing transportation
and transmission corridors. Smaller scale solar PV arrays, which can be built on homes or
commercial buildings, also have minimal land use impact.
The figure below illustrates the land footprint of solar power development.

One of the major concerns of the large scale solar farm development is the competition with the
agriculture production. As illustrated by the case in North Carolina, agricultural landowners earn
greater income from leasing land to a solar developer than from traditional agriculture operations.
Solar companies typically make annual rent payments between$500 and $1,400 per acre,
whereas the average 2015 rent in North Carolina for crop and pastureland is much lower, only
ranging from $27 to $102 per acre. While the average revenue generated from traditional
agricultural production is slightly higher than solar rents, the costs landowners incur from leasing

8

UCSUSA (2013). Environmental Impacts of Solar Power. https://www.ucsusa.org
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out land are likely considerably lower than operational costs of farms, as the primary costs of
leasing land to solar developers are income and property taxes.9
3.3

WATER USE

Solar PV cells do not use water for generating electricity. However, as in all manufacturing
processes, some water is used to manufacture solar PV components.
Concentrating solar thermal plants (CSP), like all thermal electric plants, require water for cooling.
Water use depends on the plant design, plant location, and the type of cooling system.
CSP plants that use wet-recirculating technology with cooling towers withdraw between 600 and
650 gallons of water per megawatt-hour of electricity produced. CSP plants with once-through
cooling technology have higher levels of water withdrawal, but lower total water consumption
(because water is not lost as steam). Dry-cooling technology can reduce water use at CSP plants
by approximately 90 percent. However, the trade-offs to these water savings are higher costs and
lower efficiencies. In addition, dry-cooling technology is significantly less effective at temperatures
above 100 degrees Fahrenheit.
Many of the regions in the United States that have the highest potential for solar energy also tend
to be those with the driest climates, so careful consideration of these water trade-offs is essential.
(For more information, see How it Works: Water for Power Plant Cooling.)
3.4

HAZARDOUS MATERIALS

The PV cell manufacturing process includes a number of hazardous materials, most of which are
used to clean and purify the semiconductor surface. These chemicals, similar to those used in
the general semiconductor industry, include hydrochloric acid, sulfuric acid, nitric acid, hydrogen
fluoride, 1,1,1-trichloroethane, and acetone. The amount and type of chemicals used depends on
the type of cell, the amount of cleaning that is needed, and the size of silicon wafer. Workers also
face risks associated with inhaling silicon dust. Thus, PV manufactures must follow U.S. laws to
ensure that workers are not harmed by exposure to these chemicals and that manufacturing
waste products are disposed of properly.
Thin-film PV cells contain a number of more toxic materials than those used in traditional silicon
photovoltaic cells, including gallium arsenide, copper-indium-gallium-di-selenide, and cadmiumtelluride. If not handled and disposed of properly, these materials could pose serious
environmental or public health threats. However, manufacturers have a strong financial incentive
to ensure that these highly valuable and often rare materials are recycled rather than thrown
away.
3.5

LIFE-CYCLE GLOBAL WARMING EMISSIONS

While there are no global warming emissions associated with generating electricity from solar
energy, there are emissions associated with other stages of the solar life-cycle, including
manufacturing, materials transportation, installation, maintenance, and decommissioning and
dismantlement. Most estimates of life-cycle emissions for photovoltaic systems are between 0.07
and 0.18 pounds of carbon dioxide equivalent per kilowatt-hour.

9

Aldina, R. et al (2017) North Carolina Solar and Agriculture NC Sustainable Energy Association, Raleigh.
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Most estimates for concentrating solar power range from 0.08 to 0.2 pounds of carbon dioxide
equivalent per kilowatt-hour. In both cases, this is far less than the lifecycle emission rates for
natural gas (0.6-2 lbs of CO2E/kWh) and coal (1.4-3.6 lbs of CO2E/kWh).
Box 1 Dual Land Uses to minimize land-use competition in Viet Nam
Over the last 30 years, Viet Nam has managed a remarkable development of its agricultural sector
and its energy sector. However, challenges remain in both sectors. Low productivity, a lack of
market development and communication as well as pressure on the income security of farmers
are persisting challenges in the agricultural sector. Furthermore, climate change poses an ever increasing threat to agriculture production, necessitating the development of more renewable
energy sources in the sector to reduce its Greenhouse Gas emissions.
Recently, a new challenge has arisen at the nexus of both sectors, involving land-use conflicts
caused by the increasing influx of wind and solar energy investments in particular. Viet Nam’s
renewable energy resources are vast and largely untapped. With the new support schemes for
wind and solar energy, around 300 renewable energy projects are under development, among
them 285 solar projects representing 23,000 MWp of capacity.
The already large and growing number of new solar PV investment projects in particular has
raised concerns particularly in the Vietnamese “food basket “provinces in the South with regard
to potential land-use conflicts. Provincial leaders of the Mekong Delta are now seeking solutions
for the combined use of renewable energy and agricultural or aquacultural production on the same
land or water area.
Solar PV dual-use or Agri voltaic concepts can resolve this land-use conflict between energy and
agriculture production, by combining both on the same site. Developed in the early 1980’s in
Germany, the concept has been implemented in a number of countries with hundreds of (mainly
small scale) projects and applications. Recently, a growing number of larger, commercial projects
have been implemented in countries such as China, Japan, Italy or France. For example, one
solar developer, has integrated solar PV with sheep grazing at 6 of their 10 solar installations in
North Carolina. This a great example of the mutually beneficial relationship between these two
industries. Electricity is successfully generated on the same land on which sheep are raised. This
affiliation between these two businesses demonstrates the viable business of a technology use
and a traditional use.
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Solar dual-use provides multiple socio-economic benefits that are mainly based on the key
concept of the increased land productivity of the combined system, compared to the single use of
the same area of land. The increase of this Land Equivalent Ratio (LER) through dual-use
applications has been proven by pilot projects in different countries.
Further benefits of solar dual-use for farmers and the public include energy cost savings (solar
self-consumption), additional income of local farmers with potentially higher investments and tax
revenues, improved marketing opportunities and competitiveness (sustainable production/supply
chain), potentially improved agricultural practices, the reduction of (peak) energy demand, a
reduction of CO2 and hazardous local emissions from conventional thermal power plants (such
as coal), and the development of a more competitive sustainable agricultural sector in general
(for domestic and export markets).
The analysis of international best practice and scientific monitoring of pilot projects provides the
necessary background to identify a number of crops and aquacultural products in Viet Nam
suitable for dual-use applications. Among them are popular crops such as rice, corn/maize,
cassava, vegetables of various kinds, soybean, coffee, tea, low growing fruit trees and fish /
shrimp production in ponds.
The application of this concept in a case study for Can Tho shows great potential for solar dual
use. Suitability for solar dual-use (Agri voltaic) applications could be identified for nine agricultural
and aquaculture products (rice, corn/maize, soybean, sesame, vegetables, cassava/starch roots,
livestock, fish and shrimp).
Based on these crops, an overall “realistic” technical potential (as such realizable within the next
5-8 years) could be calculated for Can Tho. Excluding rice production, this potential is in the range
of 700 to 1,100 MWp, equalling an electricity potential of 1 to 1.5 TWh. This solar electricity
generation would cover 46% to 70% of Can Tho’s annual electricity demand.
Including dual-use application on rice production areas, the “realistic” potential would increase to
7,500 to 11,300 MWp or 10.5 to 16 TWh. This amount of clean electricity far exceeds the city’s
electricity demand and could thus contribute to the demand of the wider Mekong Delta region and
further neighbouring provinces.
Regarding the costs of solar power from dual-use applications, a conservative assessment was
made based on assumptions derived from the limited available international data. According to
this assessment, the solar dual-use LCOE are estimated at 9.07 USct/kWh in a base case
scenario, with a range between 8.40 USct/kWh (low cost case) and 9.81 USct/kWh (high cost
case) and therefore roughly within the range of the current FiT in Viet Nam (9.35 USct/kWh) or
about 1.5 USct/kWh above the current avoided cost tariff for Southern Viet Nam (7.48 USct/kWh).
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3.6

FLOATING SOLAR POWER

The evidence available suggests that the environmental impact of FPV on man-made reservoirs
is negligible and that there can even be environmental benefits associated with reduced water
loss and the suppression of algal blooms.
In contrast, FPV on natural water bodies will in many cases have considerable negative
environmental impacts. This is particularly true where the natural water bodies are shallower
and/or are biologically rich with active and complex (but often fragile) ecosystems. The major
potential negative impacts of FPV on natural lakes and wetlands are:
•

The shading effect of the FPV rafts will greatly reduce possible photosynthesis, with a
negative impact on the growth of water plants that will affect all levels of the feeding chain
and compromise the viability of key plant and animal species;

•

The rafts will greatly reduce the levels of oxygen absorption by the water body, reducing
dissolved oxygen (DO) levels and potentially resulting in eutrophication. This is where
reduced biological breakdown of organic waste materials in a water body (because of lower
levels of oxygen-dependent insects, microbes and other species) results in overly-rich
nutrient content that in turn leads to anaerobic (not dependent on oxygen) algae that create
an ecosystem hostile to oxygen dependent species;

•

FPVs on natural water bodies have much higher infrastructure costs as roads, maintenance
facilities and connections to the transmission system do not already exist and will have to
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be constructed. This in turn requires land on the shores of the water body which in turn can
be ecologically important, so that the greater externality costs for the infrastructure are also
found in addition to greater financial costs;
•

There can be wider biodiversity impacts, as natural water bodies are often the breeding
grounds for species whose adult life is elsewhere, and many are important stopover points
for long-distance migratory birds and other species.

•

One possible issue for FPV on reservoirs is that anchoring is a problem where there is a
wide range of reservoirs water level heights during the hydropower operations. FPV is not
likely to be viable where this is that case, something that must be assessed on a reservoir
by reservoir basis.

These factors are widely recognized and are a major reason that FPVs have to date been mainly
developed on man-made reservoirs. This is a principle that should be adopted for Vietnam and it
is strongly recommended that FPV development on natural water bodies is prohibited and, in
contrast, FPV development on hydropower and other reservoirs is encouraged, with further
exploration of the costs and technical characteristics of this option undertaken.

Source: Electricity Generation Authority of Thailand website www.egat.co.th

3.7

ONSHORE WIND POWER

Harnessing power from the wind is one of the cleanest and most sustainable ways to generate
electricity as it produces no toxic pollution or global warming emissions. Wind is also abundant,
inexhaustible, and affordable, which makes it a viable and large-scale alternative to fossil fuels.
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Despite its vast potential, there are a variety of environmental impacts associated with wind power
generation that should be recognized and mitigated. 10 For example, figure below shows bird
fatalities due to wind turbine in South Africa.

Source: Department of Energy (undated) Impact of wind energy on environment, agriculture, birds, bats, climate
and humans Fact Sheet 2, Department of Energy, Republic of South Africa.

3.8

LAND USE

The land use impact of wind power facilities varies substantially depending on the site: wind
turbines placed in flat areas typically use more land than those located in hilly areas. However,
wind turbines do not occupy all of this land; they must be spaced approximately 5 to 10 rotor
diameters apart (a rotor diameter is the diameter of the wind turbine blades). Thus, the turbines
themselves and the surrounding infrastructure (including roads and transmission lines) occupy a
small portion of the total area of a wind facility.
A factor lying behind cases of coexistence between agricultural land and wind power generation
is the fact that a smaller plot of land is needed to construct a generation facility for its capacity.
Especially, the foundation of a facility requires quite a small area for which exclusive land use is
necessary. A survey by the National Renewable Energy Laboratory of large wind facilities in the
United States found that they use between 30 and 141 acres per megawatt of power output
capacity (a typical new utility-scale wind turbine is about 2 megawatts). However, less than 1 acre
per megawatt is disturbed permanently and less than 3.5 acres per megawatt are disturbed
temporarily during construction . The remainder of the land can be used for a variety of other
productive purposes, including livestock grazing, agriculture, highways, and hiking
trails. Alternatively, wind facilities can be sited on brownfields (abandoned or underused industrial
land) or other commercial and industrial locations, which significantly reduces concerns about
land use.
Similarly, Figure 5 shows the area of land that a wind power plant actually needs for construction
in Japan. For a wind turbine with a capacity of 2 MW, a rough estimate shows that it can be
constructed on a foundation of 3 6m² built on a leased land of 400 m², and that an average area
of 1,600 m² requires modification for the construction, leaving an area of app. 4,000 m² occupied
exclusively by a blade above the ground. As shown in the cases mentioned below, the site of a
wind turbine, other than parts on which foundations are constructed for structures for its direct
10

UCSUSA (2013). Environmental Impacts of Wind Power. https://www.ucsusa.org
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use, is left available for other uses, meaning that any wind turbine needs to exclusively occupy
quite a limited part of the land on which it is built.

Source: Kitakaze, R. & Aikawa, T. (2017) For Greater Deployment of Wind Power -- Examining Land Use
Regulations and Environmental Impact Assessment Renewable Energy Institute Tokyo

3.9

WILDLIFE AND HABITAT

The impact of wind turbines on wildlife, most notably on birds and bats, has been widely document
and studied. A recent National Wind Coordinating Committee (NWCC) review of peer-reviewed
research found evidence of bird and bat deaths from collisions with wind turbines and due to
changes in air pressure caused by the spinning turbines, as well as from habitat disruption. The
NWCC concluded that these impacts are relatively low and do not pose a threat to species
populations.
Additionally, research into wildlife behaviour and advances in wind turbine technology have
helped to reduce bird and bat deaths. For example, wildlife biologists have found that bats are
most active when wind speeds are low. Using this information, the Bats and Wind Energy
Cooperative concluded that keeping wind turbines motionless during times of low wind speeds
could reduce bat deaths by more than half without significantly affecting power production. Other
wildlife impacts can be mitigated through better siting of wind turbines.
3.10

PUBLIC HEALTH AND COMMUNITY

Sound and visual impact are the two main public health and community concerns associated with
operating wind turbines. Most of the sound generated by wind turbines is aerodynamic, caused
by the movement of turbine blades through the air. There is also mechanical sound generated by
the turbine itself. Overall sound levels depend on turbine design and wind speed.
Some people living close to wind facilities have complained about sound and vibration issues, but
industry and government-sponsored studies in Canada and Australia have found that these
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issues do not adversely impact public health. Technological advances, such as minimizing blade
surface imperfections and using sound-absorbent materials can reduce wind turbine noise.
When it comes to aesthetics, wind turbines can elicit strong reactions. To some people, they are
graceful sculptures; to others, they are eyesores that compromise the natural landscape. Whether
a community is willing to accept an altered skyline in return for cleaner power should be decided
in an open public dialogue.
3.11

LIFE-CYCLE GLOBAL WARMING EMISSIONS

While there are no global warming emissions associated with operating wind turbines, there are
emissions associated with other stages of a wind turbine’s life-cycle, including materials
production, materials transportation, on-site construction and assembly, operation and
maintenance, and decommissioning and dismantlement.
Estimates of total global warming emissions depend on a number of factors, including wind speed,
percent of time the wind is blowing, and the material composition of the wind turbine . Most
estimates of wind turbine life-cycle global warming emissions are between 0.02 and 0.04 pounds
of carbon dioxide equivalent per kilowatt-hour. To put this into context, estimates of life-cycle
global warming emissions for natural gas generated electricity are between 0.6 and 2 pounds of
carbon dioxide equivalent per kilowatt-hour and estimates for coal-generated electricity are 1.4
and 3.6 pounds of carbon dioxide equivalent per kilowatt-hour.
3.12

OFFSHORE WIND POWER

Offshore wind facilities require larger amounts of space because the turbines and blades are
bigger than their land-based counterparts. Depending on their location, such offshore installations
may compete with a variety of other ocean activities, such as fishing, recreational activities, sand
and gravel extraction, oil and gas extraction, navigation, and aquaculture. Employing best
practices in planning and siting can help minimize potential land use impacts of offshore and landbased wind projects.
Offshore wind turbines can have impacts on marine birds, but as with onshore wind turbines, the
bird deaths associated with offshore wind are minimal. Wind farms located offshore will also
impact fish and other marine wildlife. Some studies suggest that turbines may actually increase
fish populations by acting as artificial reefs. The impact will vary from site to site, and therefore
proper research and monitoring systems are needed for each offshore wind facility.
Discussed in detail in a separate module.
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4.

METHODS AND IMPACT PARAMETERS FOR ASSESSING THE IMPACTS OF
RENEWABLE ENERGY ON LAND RESOURCES

4.1

OVERALL METHODOLOGY

Key issue for the SEA of PDP 8 is the assessment of the impacts of the rapid expansion of
renewable energy (especially wind and solar power) on land resources, including the appraisal of
the value of different land resources.
Needs to be a generic land assessment methodology, as PDP 8 will identify plans for certain
levels of RE development in different parts of the country but will not identify the specific sites on
which this capacity development will take place.
The method developed in the SEA will be of particular value if it is able to serve two functions:
1. Assess the impacts of PDP 8 on land resources of the generic proposals contained in the
plan, including different scenarios that are part of the overall SEA. This will include the total
area of land (sub-divided by region) needed for each generation option (wind, solar, thermal
etc) included in the plan. It will include recommendations on the types of land that are most
suited for RE development in different areas;
2. Provide screening criteria that can be applied to future RE project proposals. These criteria
should be able to give an assessment of the impact of any RE proposal on a given area of
land of a particular type in a particular location: for example, what would be the impact of a
proposal for a solar power farm covering 500 hectares of annual crop agricultural land in the
central coastal region.
A five-stage methodology for the assessment of land resources in the SEA of PDP 8:
Stage 1: Land Categorization: the first and most basic step is to use the GoV’s statistics on land
use categories to calculate tables and prepare GIS-based maps for areas under each land use
category for each region. The GoV system has six main land use categories and a number of
sub-categories for each main category as follows:
1. Agriculture: 4 sub-categories;
2. Forestry: 3 sub-categories;
3. Land for Aquaculture: 3 sub-categories;
4. Residential land: 2 sub-categories;
5. Special-Use Land: 9 sub-categories (several of these can be aggregated);
6. Unused Land: 3 sub-categories.
Stage 2: Land Cover Assessment: in some cases, the criteria used for land type definitions in
the GoV system need further refinement to give a better understanding of the resource
characteristics of the land they represent. This can be done through the use of a GIS-based
analysis to further categorize the land in resource terms. This further classification will provide
data that is fundamental to the calculation of resource and ecosystem services values that will
take place later in the method.
Stage 3: Land Zoning in Relation to Suitability for the Development of Generation Capacity:
the next key step in the method is to classify the different types of land in terms of its suitability
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for use in the construction of power generation (especially RE) facilities. This can be done in the
following sequence:
1. Land categories that cannot be used for RE development: this includes categories such as
Protected Areas and a number of Special-Use Lands like land for national defence and
security. The land in this category can be zoned as not available for RE development;
2. Land categories that are unsuitable for RE development, that is lands where the existing
resource and economic characteristics mean that the opportunity costs or the resource risks
of RE development mean that it should not be considered.
3. Land categorized as suitable for RE development, which is all remaining lands that are
not included in the first 2 categories. This does not mean that all the lands in this category
have an equal suitability and further screening will be needed to identify the best sites once
specific development proposals are identified. What this category does show is the
maximum land availability for RE development in a region.
Stage 4: Land Requirements for RE Development: in this stage, figures for the total plans for
different RE generation options from each of the PDP 8 and SEA scenarios are used to calculate
the total land requirements for RE development in each region and the whole country. This is
done through a very straightforward method, where standard land requirements for the
construction of a unit of generation capacity (how many hectares needed to build 1 MW of wind
or solar) are multiplied by the planned expansion of RE generation capacity. This figure is further
developed by adding standard estimates for the land needed for associated infrastructure such
as roads, the transmission system and maintenance facilities.
Stage 5: Ecosystem Services (ES) Parameters for RE Development: this final step is used to
calculate the potential impacts of RE development on land resources in different areas (see Annex
4 for an example of the application of this approach in Quang Nam Province). This is done in two
stages:
1. Calculation of the total ES values (including identifying different types of ecosystem
services) for different land categories in a region. This can include all land categories, or it
can focus on the land categories that are considered suitable for RE development within a
region. The valuation will be based on standard value parameters for each ecosystem
service from each land type in each region;
2. Estimation on the reduction in ES values that would result from RE development on
different types of land. It is important to emphasize that RE development would not result in
a total loss of all ES values, so parameters that estimate which ES would be affected, and
by how much the ES values would be reduced, need to be calculated. These estimates will
be based on clear assumptions and will make reference to a range of international examples
of good practice.
Please refer to a discussion note on “The overall methodology for the assessment of the
impacts of large-scale RE development on land resources” for detailed methodology
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4.2

INITIAL RESULTS

An initial assessment of data on land use in Decision 2908 from November 2019 produced the
following results:
•

Total land area 33,123,597 ha

•

Agricultural land 11,498,497 ha

•

Forest land 14,940, 863 ha

•

Water surfaces 1,780,148

•

Settlements 721,676 ha

•

Special use land 1,893,141

•

Unused land (mostly hilly) 2,060,393

Conclusion is that most RE development is likely to take place on agricultural land, as opportunity
costs to develop in the forest land is too high and national laws and policies restrict development.
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The method identified impact parameters for agricultural land based on an ecosystem services assessment. Positive and negative
impacts were identified as shown in the following table:
Impact
Parameter
Crop
Production

Negative Impacts

Positive Impacts

Annual value of crop production lost
average national or regional yields for
the crop. This will be calculated as a
USD/ha figure

The value of production lost can be
expected to be reflected in the price
paid for the land.
Need to get latest average crop yield
and price data (farm gate price) for
main crops, if possible disaggregated
by region.

Water Quality

Reduced agrochemical use will remove
downstream surface and groundwater
pollution

Water
Management

Likely a net positive but very marginal
impact from reduced water extraction

Greenhouse
Gas Impacts

Air Quality

Some impacts from reduced CO2
sequestration and storage, especially
for perennial crops but for most annual
crops the impacts are marginal

Notes

A significant impact but not possible to
quantify: it can be noted as an
important positive benefit

Significant positive benefits for rice
paddy lands from removal of CH4 and
N2O emissions that can be valued at
USD 100/crop, so USD 200/ha for
double cropped land and USD 300 for
triple cropped land. Marginal impacts
for non-rice crops

Valuation will depend on carbon value
used: here USD 10 tCe is used as an
initial parameter.

Some positive benefits related to
reduced PM and gaseous pollution
from agrochemicals in particular.
Cannot quantify and in most cases not
highly significant

These impacts will be most noticeable
in areas with high ambient air quality
measures for the pollutants, especially
agricultural land close to cities
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Pollination

This can be an important issue. Whether positive or negative
depends on the land cover of the RE facility. If the operators
encourage some areas of wild plant growth, then it will likely
be a positive benefit when compared to surrounding
farmland.

Biodiversity

Agricultural biodiversity impacts are very variable.
Monoculture can result in negative impacts. For RE
development, whether it is positive or negative depends on
the land cover of the RE facility. If the operators encourage
some areas of wild plant growth, then it will likely be a
positive benefit when compared to surrounding farmland.

Aesthetic and
Cultural
Services

Soil Formation
and Nutrient
Cycling

Allowing/encouraging the RE facility operators to keep bees
will provide additional income and have very positive
pollination benefits for surrounding farmlands,

Will be case specific but in most cases
a wind or solar farm is more likely to
have recreational benefits than
retaining the agricultural use of the
land. This benefit can be felt for a larger
area than just the RE land.
A negative impact, affecting the land
directly used for the RE facility in
particular. This could be mitigated by
the encouragement of some vegetative
cover, especially wild growth for the
land in the RE facility.
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4.3

AGRICULTURAL LAND

The limited availability of alternative lands means that it is likely that agricultural land will be one
of the main land categories that will be considered for RE development. The conversion of
agricultural land to other uses have significant policy and economic implications.
The importance of agricultural land in the development of RE means that the assessment of
impacts on agricultural land is one of the most important issues for the SEA of PDP 8.
In relation to understanding the potential impacts of converting land from agriculture to be used
for renewable energy production in Vietnam, the main ecosystem services (and dis-services)
that need to be considered are:
•

Crop production, which is usually the highest value and will determine the direct
economic opportunity cost of land conversion away from agriculture;

•

Water quality impacts, including downstream pollution from agrochemicals;

•

Water management and regulation, including the impacts of reduced water extractions
and increased downstream flows in wet and dry seasons;

•

Greenhouse gas impacts, including carbon sequestration and storage for both crops and
soils, as well as the release of methane and nitrous oxide;

•

Air quality impacts including emissions of particulate matter, ammonia and other
pollutants from agricultural operations and agrochemical pollution;

•

Pollination, essential for maintaining ecological processes;

•

Biodiversity impacts, which are potentially positive or negative;

•

Aesthetic and cultural services including those related to tourism;

•

Soil formation and nutrient cycling, both on site and in surrounding/downstream areas.

Please refer to a discussion note on “Agricultural land impact assessment” for detailed
methodology
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Impact Parameter
Crop Production

Negative Impacts

Positive Impacts

Annual value of crop production lost,
average national or regional yields for
the crop. This will be calculated as a
USD/ha figure

The value of production lost can be
expected to be reflected in the price
paid for the land.
Need to get latest average crop yield
and price data (farm gate price) for
main crops, if possible disaggregated
by region.

Water Quality

Reduced agrochemical use will
remove downstream surface and
groundwater pollution

Water
Management

Likely a net positive but very marginal
impact from reduced water extraction

Greenhouse Gas
Impacts

Air Quality

Some impacts from reduced CO2
sequestration and storage, especially
for perennial crops but for most annual
crops the impacts are marginal

Notes

A significant impact but not possible to
quantify: it can be noted as an
important positive benefit

Significant positive benefits for rice
paddy lands from removal of CH4 and
N2O emissions that can be valued at
USD 100/crop, so USD 200/ha for
double cropped land and USD 300 for
triple cropped land. Marginal impacts
for non-rice crops

Valuation will depend on carbon value
used: here USD 10 tCe is used as an
initial parameter.

Some positive benefits related to
reduced PM and gaseous pollution
from agrochemicals in particular.
Cannot quantify and in most cases not
highly significant

These impacts will be most noticeable
in areas with high ambient air quality
measures for the pollutants, especially
agricultural land close to cities

The EU Technical Assistance Facility (TAF) for Sustainable Energy - Contract EuropeAid DCl/352-852– EU Technical Assistance Facility (TAF) for Neighbourhood, Asia (including
Central Asia), Latin America, Caribbean and Pacific

Pollination

This can be an important issue. Whether positive or
negative depends on the land cover of the RE facility. If the
operators encourage some areas of wild plant growth, then
it will likely be a positive benefit when compared to
surrounding farmland.

Biodiversity

Agricultural biodiversity impacts are very variable.
Monoculture can result in negative impacts. For RE
development, whether it is positive or negative depends on
the land cover of the RE facility. If the operators encourage
some areas of wild plant growth, then it will likely be a
positive benefit when compared to surrounding farmland.

Aesthetic and
Cultural Services

Soil Formation
and Nutrient
Cycling

Allowing/encouraging the RE facility operators to keep
bees will provide additional income and have very positive
pollination benefits for surrounding farmlands,

Will be case specific but in most cases
a wind or solar farm is more likely to
have recreational benefits than
retaining the agricultural use of the
land. This benefit can be felt for a
larger area than just the RE land.
A negative impact, affecting the land
directly used for the RE facility in
particular. This could be mitigated by
the encouragement of some
vegetative cover, especially wild
growth for the land in the RE facility.

Please refer to a discussion note on “Agricultural land impact assessment” for the detailed methodology
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4.4

FOREST LAND

The assessment of the impacts of power sector development proposals on Vietnam’s forest
resources is a key part of the impact assessment for the SEA.
Forests have in the past been substantially impacted by power development, especially from
hydropower and from the expansion of the transmission system, and the SEA of PDP 7 and RPDP
7 developed a robust and practical methodology for the assessment of potential impacts on forest
resources of PDP proposals.
This method is updated and further developed in this discussion note which sets out the steps to
quantify and value any impacts on forest resources from the proposals contained in different PDP
8 scenarios. There may be additional refinement of the parameters set out here (especially those
related to valuation) as more data is collected but what is available here is a significant
improvement on the RPDP 7 version.
INDICATORS:

1. Total area of forest cleared or suffering from deterioration in condition. This is a
straightforward measure of the impact of different components of the PDP on forest
resources. It measures (i) forests that are completely cleared and (ii) forest areas that suffer
from deterioration in their condition, based on a standard three-fold categorization of forest
condition developed under the PFES programme;
2. The economic value of the losses of forest resources. This is an important indicator that
is based on the estimation of the ecosystem services values of different types of forests
in Viet Nam. These values can be established using different methods and data sources,
outlined below.
Please refer to a discussion note on “The assessment of impacts on forest resources” for
detailed steps to calculate above mentioned two indicators
4.5

ECOSYSTEM SERVICES METHOD

The most difficult, and potentially most controversial, step in this valuation process is the
calculation of valuation parameters for the different ES under consideration. The rest of this
section describes which services can readily be valued and gives details on the data and method
used for the calculation of the different valuation parameters. The ES that should be included in
the valuation of forests for the SEA are: (i) provisioning services for forest land; (ii) watershed
functions; (iii) a partial assessment of biodiversity values; and (iv) carbon sequestration values.
Other ES, such as cultural values, were considered and are recognized as significant to local
communities in the area, but there was not sufficient reliable data to make these valuations
reliable at a national level.
Please refer to a discussion note on “The assessment of impacts on forest resources” for
detailed methodology
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Table: Forest Ecosystem Service Valuation Parameters
Rich Forests

Medium Forests

Poor Forests

(USD/ha/year)

(USD/ha/year)

(USD/ha/year)

1,491

967

547

Non-Timber Forest Products

306

255

204

Watershed Functions

153

145

136

Biodiversity

1,100

750

400

Total Annual ES Flows

3,050

2,117

1,287

Carbon Stock Value

1,344

931

516

Ecosystem Services Category
Timber

