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1. Executive Summary

Distributed power generation (DPG) as the name implies refers to the distribution of power that is
generated on-site at or very close, to the location where it can be utilize. Conventional power
distribution such as coal-fired, gas and nuclear powered plants are mostly centralized and require
electrical energy to be distributed over long distances. During centralized transmission lot of electricity
wasted, therefore to overcome such problems distributed generation came into existence.

Distributed power generation project has a total capacity of 10-200MW and generally installed close to
the end-users, by combining a number of PGSs fueled by gas, biomass, oil, wind, etc. On the basis of
fuel type, distributed power generations can be categorized into five major segments: biomass, wind,
solar, gas and small hydro.

China DPG market in terms of installation capacity has shown continuous growth trends over the past
few years and is anticipated that the market would boom in the coming years also. China DPG market
is expected to grow on the back of rising demand for electricity, increasing use of solar technology in
power distribution, environmental policies set by government, growth of digital technologies and
adoption of net metering policy. However, the growth of the market is restrained by some major factors
such as lack of efficient price mechanism, deficiency of development strategy & planning, etc.

The report titled “"China DPG Market: Size, Trends & Forecasts (2018-2022)" delivers an in-depth
analysis of the China DPG market with comprehensive analysis of market sizing and growth. The
analysis includes market size in terms of installation capacity, market share by segments and by
penetration rate. A detailed analysis of market segment has also been provided in the report with their
actual and forecasted value.
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1. Executive Summary

Furthermore, the report also assesses the key opportunities available in the market and outlines the
factors that are and will be driving the growth of the industry. Growth of China DPG market has also
been forecasted for the period 2018-2022, taking into consideration the previous growth patterns, the
growth drivers and the current and future trends.

Currently there are only few major players in the market which are competing with each other. VPower
is one of the major players in China DPG market. Aggreko plc., APR Energy Ltd., and VPower company
profiling has done in the report, which include their business overview, financial overview and
respective business strategies.
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2.1 Distributed Power Generation (DPG) Overview

2.1.1 Distributed Power Generation: An Introduction

In a conventional power model, energy is generated in massive quantities at a large-scale power plant and
then distributed across a transmission grid to end-users. By contrast, distributed power generation commonly
known as DG for short, refers to power that is generated on-site at, or very close to, the location where it will
be used. Many distributed generators are not connected to the power grid at all. Others may be connected and
may even sell energy surpluses to the grid, profiting from their own power generation instead of spending
money from the exchange as is the case in the conventional model.

Table 1: Distributed Generation Systems

Residential Sector Commercial/Industrial Sectors
Solar photovoltaic panels Combined heat and power systems
Small wind turbines Solar photovoltaic panels
Natural-gas-fired fuel cells Wind
Emergency backup generators, usually fueled by gasoline or diesel Hydropower
fuel

Biomass combustion or co-firing
Municipal solid waste incineration
Fuel cells fired by natural gas or biomass

Reciprocating combustion engines, including backup

generators, which are may be fueled by oil

Source: Environmental Protection Agency
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2.1 Distributed Power Generation (DPG) Overview

Gen-Set and Power Generation Systems

A gen-set is an engine-based power generator in which an engine is integrated with other components, such as
an alternator, control system, and cooling system. If a gen-set is integrated with other components, such as
monitors, ventilation and an exhaust system, and housed within an ISO standard container, a soundproof
canopy or a power house, it is then usually referred to as a power generation system (PGS).

Typically, the capacity of gen-sets ranges from several kW to more than 10MW. Small gen-sets (less than
300kW) are usually installed to meet low, on-site power demand. Mid-sized gen-sets (300-800kW) are installed
by industrial and commercial power users as back-up power sources, while large ones (more than 800kW) are
used by heavy-duty industrial users or utility-grade power producers.

Table 2: Overview of Gen-Set, PGS and DPG
Definition

Gen-Set Gen-set usually refers to engine-based power generators in which an engine is integrated with other
ancillary components, such as alternator, control system, cooling system, etc., and installed into a power

generation system. Gen-sets typically output 0.3-2MW.

PGS A power generation system consists of a gen-set that is integrated with other components, such as monitors
control and monitoring systems, ventilation, exhaust system, fuel tanks and DC charger, all of which are

housed within an ISO container, power house or sound-proof canopy.

DPG Distributed power generation: a power project with total capacity of 10-200MW sitting close to end-users, by
combining a number of PGSs fuelled by gas or diesel (in our context). Some DPGs in the industry can be

fuelled by oil, biogas, etc.

Source: HSBC
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2.1 Distributed Power Generation (DPG) Overview

2.1.2 Distributed Power Generation Project Types

Broadly speaking, power generation projects can be divided into three categories: centralized power generation
(CPG), distributed power generation (DPG) and temporary power generation (TPG). Compared with CPG, DPG
projects require less upfront capital investment and power grid infrastructure, incur lower transmission losses
and have a high utilization rate. DPG projects can be both used as base load or peak-shaving power sources.

Type

Plant size
Plant location
Operation mode
Utilization rate
Grid connection

Upfront capital

required

Fuel type

Contract length

Construction lead time

Source: Frost & Sullivan

Table 3: Distributed Power Generation Project Types

CPG

50MW to 2GW
Far from load centres
Base load
Highest
Yes

High

Coal, oil, gas, hydro,

nuclear, solar, wind, etc.

10 years and above

1 to 10 years

DPG

10MW to 200MW
Close to end-users
Base load / Peak-shaving
High
Varies

Low

Gas, diesel, heavy fuel ail,
solar, wind, small hydro,

biogas, biomass, and hybrid
1 year and above

2 months to 1 year

TPG

16kW to 25MW

Close to end-users

Base load, peak-shaving, or back-up

Low
No

Low

Primarily diesel, sometimes

gas and heavy fuel oil

Days to 1 year

Less than 3 months
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2.1 Distributed Power Generation (DPG) Overview

2.1.3 Distributed Power Generation Types

Figure 1: Distributed Power Generation Types

Biomass Wind Solar Gas Small Hydro

Source: Daedal Research

On the basis of fuel type, distributed power generations can be categorized into five major segments: biomass,
wind, solar, gas and small hydro. Photovoltaics, by far the most important solar technology for distributed
generation of solar power, uses solar cells assembled into solar panels to convert sunlight into electricity. It is a
fast-growing technology doubling its worldwide installed capacity every couple of years. Wind turbines can be
distributed energy resources or they can be built at utility scale. These have low maintenance and low pollution,
but distributed wind unlike utility-scale wind has much higher costs than other sources of energy.
Hydroelectricity is the most widely used form of renewable energy and its potential has already been explored
to a large extent or is compromised due to issues such as environmental impacts on fisheries, and increased
demand for recreational access.

China DPG Market: Size, Trends & Forecasts (2018-2022)

Daedal Research 14




2.1 Distributed Power Generation (DPG) Overview

2.1.4 Distributed Power Generation Benefits

Distributed power generation is an exciting development that has the potential to completely revolutionize the
power landscape. There are a host of benefits which range from economic to environmental. Some of the key
benefits of distributed power generation include the following:

» Remote Is No Longer a Problem - In the conventional power model, remote locations that were off the
power grid were unable to receive energy, severely limiting where plants and facilities could be built.
Likewise remote islands and small nations such as those in the Caribbean or Latin America were dependent
almost exclusively on power imports, making them particularly vulnerable to market volatility and thus
stifling their economic growth. Distributed power generation eliminates that problem.

» Lower Greenhouse Gas Emissions — Many distributed power generators use much cleaner fuel sources than
the traditional model. This in turn helps reduce greenhouse gas emissions, thereby benefiting the
environment and helping to generate goodwill for the company. In this age of increasing emission
regulations, distributed power may also help companies to stay in the good graces of regulators.

» Enhanced Power Security — Market volatility, weather disasters, and other disruptions had the potential to
shutdown a company dependent on the traditional energy model. By contrast with distributed power
generation there is much greater power security since the power is generated on-site and will continue to
be available regardless of world affairs or weather occurrences.

» Fast Implementation - Distributed power generation is relatively fast to implement and can often be
completely set up on a large scale within a year or less. Additionally, as demand increases at the site more
capacity can quickly and easily be added.

» Better Power Efficiency - One of the most important benefits of distributed power generation is its
remarkably better power efficiency. In the traditional energy model, only about 28-35% of fuel consumed is
actually used for power. This is due in large part to power loss related to transmission and distribution. By
contrast because distributed power is generated on-site distribution is a moot point. This allows distributed
power generation to attain efficiency of 50% or greater.




2.1 Distributed Power Generation (DPG) Overview

2.1.5 Distributed Power Generation Technologies

Distributed power includes a broad range of technologies in various stages of commercial and technical
maturity, including: reciprocating engines, gas turbines, solar photovoltaic, small wind turbines, micro-turbines
and fuel cells.

» Reciprocating Engines: Reciprocating engines are piston-driven internal combustion engines that use
reciprocating pistons to convert pressure into a rotating motion. Their output ranges from 20 kW to 20 MW.
Reciprocating engine technology was first developed in Europe during the eighteenth century. Today, the
most common form of reciprocating engine is the internal combustion engine that uses gasoline to power
motor vehicles.

» Gas Turbines: Gas turbines compress air and ignite it using a gaseous fuel, which can be natural gas,
hydrogen, biologically-derived gases or gasified solids such as coal or biomass. Combusted air then
expands through turbine blades in order to drive an electric generator. Today, gas turbine system sizes
range from 1 to 400 MW in combined cycle applications.

» Solar Photovoltaic: Solar photovoltaics (PV) are the quintessential distributed power technology. Indeed,
solar power is often used interchangeably with the concept of distributed power. Given its ability to deliver
electricity at the point of use anywhere around the world, this status is well deserved. Like other distributed
power technologies, solar PV has a long history of development.

» Small Wind Turbines: Wind turbines transform wind currents into electrical current through the action of
rotating turbine blades that spin a shaft connected to an electric generator. As with reciprocating engines
and gas turbines, the history and use of wind turbines dates back to the nineteenth century. Today, large-
scale wind turbines in the range of 1 to 10 MW are clustered together in wind farms to provide bulk power
that feeds into transmission networks across the globe.

[
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2.1 Distributed Power Generation (DPG) Overview

2.1.5 Distributed Power Generation Technologies

»  Micro-turbines: Micro-turbines are miniature electricity generators that burn gas and liquid fuels in a
turbine to create rotation that drives a generator. They range in size from 1 kW to 250 kW. Like their larger
counterparts, gas turbines, micro-turbines work by compressing and heating air and then igniting the
compressed air, which expands and rotates the turbine blades in order to drive a generator and produce
power. Micro-turbine compressors and turbines are radial-flow designs, unlike gas turbines, which have
axial designs and multiple stages of blades.

»  Fuel Cells: Fuel cells convert chemical energy into electricity through a chemical reaction with oxygen or
another oxidizing agent. As with other distributed power technologies, fuel cells have a lineage that dates
back to the 1830’s. In the 20th century, fuels cells were first commercialized by NASA in the 1960’s for use
in the space program. There are several different types of fuels cells, but all consist of a negative side, a
positive side and an electrolyte that enables charges to travel between the two sides.

[

Daedal Research



Daedal Research



3.1 China DPG Market Analysis

3.1.1 China DPG Market by Installation Capacity

Figure 2: China DPG Market by Installation Capacity; 2012-2017
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China’s demand growth for power is slowing amid sluggish economic growth in the recent years. During 2015-
2020 power demand in the region is expected to grow at a slower growth rate as compared to 2010-2015.
Despite this, there is an ample room for significant growth in clean power generation, driven by China’s
environmental policy goals. DPG has been recognized by the NDRC (National Development and Reform
Commission) as a key component of its overall strategy to optimize China’s power sector.

China DPG market in terms of installed capacity has noted continuous growth during the period 2012 to 2017.
DPG installed capacity inclined to 120.5 gigawatt in 2017 as compared to 104.9 gigawatt in 2016, with YOY
growth rate of 14.87%. Structural economic shift and declining cost of distributed energy is creating a new
opportunity for distributed energy system in China. Over the period spanning from 2012 to 2017, DPG installed
capacity in China grew at a CAGR of 11.32%.
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3.1 China DPG Market Analysis

3.1.1 China DPG Market by Installation Capacity

Figure 3: China DPG Market by Installation Capacity; 2018-2022E
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The growing demand for electricity in China, would lead to flourishing DPG market in the coming years also.
China DPG market in terms of installation is projected to reach 141.9 gigawatt in 2018 with a growth rate of
17.76% over the prior period. Several factors are currently reshaping the notion of distributed energy in China.
Driven by resource and environmental constraints as well as pressure to reduce carbon emission is expected to
boost the demand for distributed generation in the region. The installation capacity of DPG is forecasted to grow
at a compound annual growth rate of 28.23% over the years 2018 to 2022.

I ) China DPG Market: Size, Trends & Forecasts (2018-2022)
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3.1 China DPG Market Analysis

3.1.2 China DPG Installation Capacity by Fuel/Segments

Figure 4: China DPG Installation Capacity by Fuel/Segments; 2017
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China has potential market with lot of new energy and renewable energy resources. China distributed
generation forms mainly includes: distributed wind generation, distributed photovoltaic (solar), small
hydropower, biomass, and gas-fired distribution generation.

Among these, small hydro accounted for the largest stake in the overall DPG installed capacity in China with
73.02% share followed by solar with 13.78% share during the year 2017. Gas-fired distributed power constitute
10.04% share of the total installed capacity and is expected to grow at a more rapid pace as compared to the
total DPG market in China. The other two forms of distributed generation namely biomass and wind together
accounted for 3.16% share of the total DPG installations.

China DPG Market: Size, Trends & Forecasts (2018-2022)
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3.1 China DPG Market Analysis

3.1.3 China DPG Market by Penetration Rate

Figure 5: China DPG Market by Penetration Rate; Figure 6: China DPG Market by Penetration Rate;
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Note: Here penetration indicates share of DPG installed Note: Here penetration indicates share of DPG installed
capacity out of total power installed capacity in China. capacity out of total power installed capacity in China.

Out of total power generation in China, the development of distributed energy in China enters into an important
transitional period. During recent years, China has built a group of distributed generation demonstration
projects. For example, distributed PV (solar) plays an important role in the community construction, especially
in rural areas, so the application of distributed PV is encouraged by central and local policies. The penetration
rate of DPG installed capacity inclined to 7.03% in 2017 as compared to 6.56% in 2016.

Distributed generation has plenty of features about efficient energy use, low loss, low pollution, flexible
operation and efficient environmental protection. All these features encourage the government to opt for
distributed power generation in China. DPG installation capacity is further expected to penetrate in the overall
power installation capacity in China and its penetration rate is projected to reach 16.27% by 2022.
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3.2 China DPG Market: Segment Analysis

3.2.1 China Biomass DPG Market by Installation Capacity

Figure 7: China Biomass DPG Market by Installation
Capacity; 2012-2017 (Gigawatt)

Figure 8: China Biomass DPG Market by
Installation Capacity; 2018-2022E (Gigawatt)
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Source: Daedal Research

Biomass power generation is the use of biomass energy to generate electricity, and it is one of the renewable
energy generations, including direct combustion power generation with forestry and agricultural residues.
Distributed biomass power generation systems can range in size from less than 1 MW to 50 MW, depending on
the amount of opportunistic, residual, or waste biomass fuel available. China Biomass distributed generation
market upsurge to 2.2 gigawatt in terms of installation capacity during the year 2017 from 1.8 gigawatt in
2016. Biomass DPG market grew at a CAGR of 22.42% over the years 2012-2017.

Biomass is a low-carbon fuel, because its manufacturing process absorbs carbon dioxide and reduces the
harmful gas in the atmosphere. In recent years, in China, electricity supply and demand tends tightly. So
biomass power industry came into being. Biomass DPG market is anticipated to reach 5.2 gigawatt by 2022

from 2.6 gigawatt in 2018 at a CAGR of 18.92% over the same period.
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3.2 China DPG Market: Segment Analysis

3.2.2 China Wind DPG Market by Installation Capacity

Figure 9: China Wind DPG Market by Installation Figure 10: China Wind DPG Market by Installation
Capacity; 2012-2017 (Gigawatt) Capacity; 2018-2022E (Gigawatt)
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Wind power generation technology is that which change the wind energy into electrical energy. Distributed wind
generation accounted for only 1.33% in the total DPG market in China. Because the wind power generation is
environmentally protected, renewable, low cost and has a significant scale effect, it has become one of the
fastest-growing new energy. China wind DPG market in terms of installation capacity expanded to 1.6 gigawatt
in 2017 from 0.3 gigawatt in 2012 at a CAGR of 51.97% over the same years.

Wind power distribution is currently experiencing dramatic growth due to strong government support. Strong
focus on promoting research & development in key technology areas is expected to boost the wind DPG market
in China. The market is projected to reach 12.0 gigawatt by 2022 from 2.4 gigawatt in 2018 at a CAGR of
49.53% over the same span of time.

[

Daedal Research



3.2 China DPG Market: Segment Analysis

3.2.3 China Solar DPG Market by Installation Capacity

Figure 11: China Solar DPG Market by Installation Figure 12: China Solar DPG Market by Installation
Capacity; 2012-2017 (Gigawatt) Capacity; 2018-2022E (Gigawatt)
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Solar photovoltaic power generation technology converts solar energy into electric energy directly by using the
photoelectric effect of semiconductor materials. No geographic restriction, flexible scale, pollution free and
simple maintenance are some of the factors that are propelling the demand for distributed solar power in China.
The solar DPG market in China has shown continuous growth trends over the years 2012-2017 and is expected
to flourish in the coming five years also. During 2017, China solar DPG market in terms of installation capacity
rose to 16.6 gigawatt as compared to 10.4 gigawatt in 2016, with YOY growth rate o approximately 59%.

Rising household demand for electricity in China has led to several power supply shortages over the past few
years, which has stimulated demand for solar power generation. Installation capacity of solar DPG market

would reach to 26.4 gigawatt in 2018 and is anticipated to grow further at a CAGR of 58.87% over the years
2018-2022.
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3.2 China DPG Market: Segment Analysis

3.2.4 China Gas DPG Market by Installation Capacity

Figure 13: China Gas DPG Market by Installation Figure 14: China Gas DPG Market by Installation
Capacity; 2012-2017 (Gigawatt) Capacity; 2018-2022E (Gigawatt)
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China’s gas-fired DPG market is at an early stage of development. In 2011, China’s government circulated the
Guidelines for Development of Natural Gas Distributed Energy, outlining a plan to build approximately 1,000
gas-fired DPG projects between 2011 and 2015, with an overall targeted installed capacity of 50GW by 2020.
However, this plan is currently behind schedule, with only approximately 100 projects. In 2017, gas DPG
installation capacity in China was 12.1 gigawatt, an increase of 47% over the previous period.

Growth for gas-fired DPG in China is expected to pick up as supportive implementation policies continue to be
developed. The continuing evolution of market-oriented gas pricing policies, the concurrent focus on developing
CHP and CCHP systems, and the overall reform of the domestic power market, are all expected to be positive
influences on the continuing development of gas-fired DPG in China in the future. China gas-fired DPG market is
projected to reach 83.3 gigawatt by 2022 and would grow at a CAGR of 47.29% over the period revolving from
2018 to 2022.
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3.2 China DPG Market: Segment Analysis

3.2.5 China Small Hydro DPG Market by Installation Capacity

Figure 15: China Small Hydro DPG Market by
Installation Capacity; 2012-2017 (Gigawatt)

Figure 16: China Small Hydro DPG Market by
Installation Capacity; 2018-2022E (Gigawatt)
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Small hydropower is how the highest use of power a new energy in China, and its technology has reached the
international advanced level. Small hydropower project is simple, and has short construction period, small
infrastructure investment, etc. Moreover, the comprehensive influences of reservoir flood loss, migration,

environmental and ecological aspects are very small in hydro power plants. At the same time, because it is
close to the user, so the power transmission and transformation equipment is simple, circuit transmission losses

is small. Over the years 2012 to 2017, China small hydro DPG installation capacity grew at a CAGR of 5.39%
and reached 88 gigawatt in 2017.

Small investment in hydropower plants, low risk, stable benefits, lower operating costs etc. would propel the
growth of small hydro DPG market in China. At a CAGR of 5.51% over the years 2018 to 2022, the market is

anticipated to reach 115 gigawatt by the end of 2022.
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4.1 Growth Drivers

4.1.1 Environmental Policy Goals by Government

China’s power demand growth is slowing amid sluggish economic growth in recent years. Despite this there
appears to be room for significant growth in clean power generation (such as natural gas and renewables),
driven by China’s environmental policy goals. Recent growth in distributed power in China has been strong. The
Chinese government has advanced several policy initiatives designed to increase the share of distributed power
in the country’s energy system.

China has traditionally used distributed heating systems with coal-fired boilers. New distributed power
technologies that use natural gas and biogas can provide a more environmentally friendly alternative for heat
and power generation. In the five-year —plan, the Chinese government indicated that it will seek to increase the
amount of energy generated by distributed renewable energy systems. The Chinese government wants to
promote the use of gas-fired CHP. All these factors, led to the growth in the demand for distributed power
systems which use renewable source of energy with less carbon emission.

4.1.2 Growth of Natural Gas Networks

China's natural gas industry has experienced a great leap-forward development in the past decade. The role of
distributed power within the energy system is inextricably linked to its place within fuel distribution and
electricity transmission and distribution (T&D) networks. Distributed power technologies require fuel to operate.
This means that in order to consider distributed power as an option in a particular application, fueling networks
must be available to deliver the feedstock.

China is stepping up building terminals and infrastructure to help meet the upsurge in demand, with its oil and
gas pipeline network expected to reach 240,000 kilometers by 2025 from the current 112,000 kilometers. China
has vowed to further strengthen its oil and gas pipeline network during the next decade, in an attempt to
further boost the clean fuel’s share in the country’s energy mix. Consequently, the growth of the natural gas
networks would positively affect the distributed power generation market in the region.
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4.1 Growth Drivers

4.1.3 Rising Demand for Electricity

Figure 17: China Gross Electricity Consumption; 2016-2017 (TWh)
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Global electricity demand witnessed a 3.1% jump in 2017 with major contribution coming from China and India.
The two nation accounted for 70% of the rise. Electricity demand growth in emerging economies remains
strongly linked to rising economic output. In China, the robust economic growth of nearly 7%, and a warm
summer drove electricity demand up by approximately 7%. With the steady implementation of the smart grid
across the China, distributed generation has continued as a growing trend year over year. The renewable
energy technologies such as wind and solar provide a promising approach for generation. Therefore, the
increasing demand for electricity in the region in turn help in the growth of the distributed power generation
market.
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4.1 Growth Drivers

4.1.4 Increasing Use of Solar Technology in Distributed Generation

Figure 18: China Cumulative Installed Solar Power Capacity; 2015-2016
(Gigawatts)
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Solar power is often used interchangeably with the concept of distributed power. Renewable technologies, such
as solar panels, have become cost-effective for many homeowners and businesses. Many developing countries
are adopting distributed generation (DG) technologies for their power systems expansion planning. Solar
Energy is one of the most promising, non-polluting, free source of energy. Solar energy is becoming much
cheaper all over the world. The price of constructing solar power technology will decrease by 4.4% each year,
meaning that by 2022 the price of projects would have dropped by 27%. This decrease in cost is causing more
countries to adopt solar power as a viable means of supplying energy. China has installed highest solar PV
capacity in 2016 around the globe with major upcoming projects based on solar PV are under construction,
which is projected to raise the cumulative installed solar PV capacity in upcoming time. Therefore, the
increasing use of solar technology in power distribution would act as a catalyst for the DPG market in China.
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4.1 Growth Drivers

4.1.5 Reduction of Carbon Emissions from Power Generation Sources

Distributed energy can significantly reduce emissions of sulphur dioxide (S0O2), nitrogen oxides and particulate
matter when compared with the centralized, coal-based power system; natural gas generators have much lower
emissions, and renewable energy technologies such as distributed solar PV have zero local emissions.
Distributed energy can lower carbon dioxide (CO2) emissions by relying on low-carbon or carbon-free supply
options. Distributed energy ability to decarbonize heating and cooling is also a significant benefit: heating
demand accounts for around 30% of global energy-related CO2 emissions, and half of this heat is used in
buildings. This is among one of the important growth drivers which boost the demand for distributed energy in
China.
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4.2 Challenges

4.2.1 Lack of Efficient Pricing Mechanism

In China, prices of most energy products are still under some control by governments, which may not fully
reflect the supply-demand situation. As a result, the existing price mechanism does not provide a price signal
that is an accurate reflection of the full value of distributed power systems.

The major barrier to the development of DPG in China is the lack of an efficient pricing mechanism, leading to
operating losses for projects outside areas with very high demand for cooling and heating. This can be
attributed to the fact that the cost of fuel takes up a large portion of the total cost and has a decisive impact on
the economic performance of the DPG system. Compared with coal and other energy sources, natural gas in
China is priced high yet enjoys no subsidies as does new energy, so it is not competitive.

4.2.2 Economic Problems Caused by Poorly Matched Systems

A detailed understanding of demand patterns for distributed energy systems is compulsory. Historically, demand
for heating, cooling and electricity has been misjudged for some DPG projects, leading to economic challenges.
Previously, while designing distributed systems larger size is prioritized in both load analysis and unit type
selection, without proper consideration of whether capacity matches the load or not. As a result, when projects
are put into operation, power plants have a low loading rate and a poor economic performance. If the grid
cannot absorb all the power and no proper energy storage facilities are built, problems such as wind curtailment
and PV curtailment emerge.

Under the current electric power management and supervision system, policy makers and practitioners is
difficult to realize the value of the distributed generation, especially for the environmental benefits of distributed
generation, improve service quality and safety and reliability of the power function understanding is not
enough.
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4.2 Challenges

4.2.3 Lack of Data and Information

China has not attached particular importance to the improvement of risk management and the construction of
quality monitoring systems. Domestic distributed energy system projects generally face problems such as
opaque information and difficulty in assessing the risks of construction and operation. These challenges not only
increase the investment risk and the cost of capital for DPG projects, but also reduce their attractiveness to
investors.

Several aspects trouble investors — the complex relations among stakeholders of DPV generation, the difficulty
in coordinating and sharing information about construction and operation, and insufficient disclosure of
information about DPV power plants, developers and generating capacity. As a result, investors cannot measure
project quality, and find it difficult to form a mature asset assessment system, which blocks substantial
intervention by insurance companies and reduces risk-sharing mechanisms.

4.2.4 Deficiency of Development Strategy and Planning

At present, part of China's provinces and municipalities directly under the central government formulated the
plans for the development of the distributed generation, the national level, formulate the general development
of different distributed power planning, but has not yet issued specific implementation rules. Although there is a
part of Guangdong province and other provinces and cities issued development plan, but the vast majority of
provinces have not yet set.

There is lack of overall guidance. Development of distributed generation with other special planning, social and
economic development, such as city planning, natural gas pipe network planning and power grid planning are
unable to effectively impact on the development of distributed generation.
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4.3 Market Trends

4.3.1 Growth of Digital Technologies

Digital control systems currently embedded in distributed power technologies enable operators to remotely
optimize operations and minimize costs in ways that were not possible a decade ago. Beyond enhanced control
and optimization of distributed power technologies, the Industrial Internet holds the promise to coordinate
distributed power systems in ways that add further value to distributed power technologies at the system level.

Increased use of digital sensors and control equipment, big-data applications and new loads such as electric
vehicles (EV) are reshaping distributed power generation (DPG) in the region. First, accurate behavioral data on
energy consumption allows for better designing of distributed energy to optimally meet customer needs.
Second, better coordination of supply and demand technologies, including forecasting techniques and smart
controls can raise overall system efficiency and reduce costs. And last, modern IT combined with smart loads
such as EVs or thermal storage can help unlock new services, such as providing flexibility for the central grid to
help balance fluctuations from wind and solar power plants. All these technological advancements would propel
the growth of distributed generation market in the coming few years.

4.3.2 Rising Tide of Natural Disasters

In recent years, natural disasters happened frequently around the world and have caused enormous losses of
life and property to human society. They pose a common challenge to all the countries in the world. China is
one of the countries in the world that suffer the most natural disasters. Along with global climate changes and
its own economic takeoff and progress in urbanization, China suffers increasing pressure on resources,
environment and ecology.

When natural disasters occur and electricity generation assets are impacted, the fastest way to achieve power
recovery is to utilize a fleet of mobile, trailer-mounted distributed power technologies. This solution uses proven
technologies that can readily connect to and provide power for the grid. Distributed power technologies are a
key piece of the puzzle when it comes to strengthening the power system and improving recovery in the wake
of natural disasters. Compared with centralized power systems, distributed energy can be designed to operate
in a relatively independent way, thus improving the resilience of the power system to natural disasters. In a
world of increasing natural disasters in China, distributed power technologies will have an ever larger role to

play.
R;

Daedal Research




4.3 Market Trends

4.3.3 Net Metering Policy

The State Grid of China took specific steps to facilitate the use of distributed power generation by providing an
incentive for households and companies to use it. Households and companies that use distributed power would
be able to send excess power back into the grid and receive credit for power received by the grid. In order to
qualify for the incentive, distributed power projects must be connected to the grid at 10 kV or less and the
distributed power capacity cannot exceed 6 MW.

The State Grid has not yet specified the price that on-site generators will receive for “net metering” their power.
To further enhance the application of distributed power at the provincial level, the National Development and
Reform Commission (NDRC) issued interim measures for the of distributed power generation. All these policies
implemented by the government would set the stage for distributed generation in the region.

4.3.4 Rising Energy Demand that Favor DPG

China’s economy has stepped into a "new normal”, it still maintains relatively rapid growth, with growing energy
consumption. Users now demand a better quality of energy and have greater environmental awareness. This is
an advantage for DPG. Newly developed projects apply DPG in industrial complexes, data centres, office
buildings, hotels, airports and schools.

Currently, China is still undergoing new urbanization, with increased cooling and heating demand from
consumers. For example, residents’ heating demand in the south during the winter months is gaining more
attention. This growing demand could be satisfied by DPG in the future. In general, with the development of
China’s economy and society, growing purchasing power and increased environmental awareness, DPG is
expected to see further accelerated growth.
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5.1 Southeast Asia DPG Market Players Comparison by Features

Table 4: Southeast Asia DPG Market Players Comparison by Features

Company VPower Aggreko APR Energy
Type of fleet 100% engine-based 100% engine-based 42% engine-based / 58% turbine-based
Installed capacity (2016) 507MW 5,894MW 2,058MW (2015)
Fuel mix of installed 88% gas 20% gas 5% gas / 37% diesel
capacity 12% diesel 80% diesel 58% dual-fuel
Fleet age 1.3 years <5 years N/A
Key engine/turbine MTU, Bergen Cummins Caterpillar (engine)

GE (turbine)

Non-power house PGS » Standard ISO 20-foot » Standard 20-foot » Engine: Standard 40-foot container:
products container: gas (1.56MW & container: gas gas (1.48MW), diesel (1.4MW)
2MW), diesel (1.2MW) (1.12MW), diesel
(0.85MW) » Turbine: trailer unit: dual-fuel
» Standard ISO 40-foot (26.2MW)
container: gas (1.95MW), | » Standard 40-foot
diesel (1.5MW) container: gas (N/A),

diesel (1.29MW)

Source: Company Data, Industry Reports
Note: Here VPower is China based while Aggreko and APR Energy are global based.
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5.2 VPower and Aggreko’s Power Solution Segments Comparison

Table 5: VPower and Aggreko’s Power Solution Segments Comparison

Market focus

2016 revenue mix in power

solution segment
Operating profit margin
Installed Capacity (2016)
Fleet utilization in 2016

Fuel mix in 2016

Average Fleet age in 2016

2015-end order book

Average contract duration (2015)

Source: Industry Reports

Aggreko’ Power Solution Segment

Industrial

TPG

30%

12%
1,517MW

63%

N/A

3 months

Utility

Utility- and industry-grade
DPG

64%

29%
5,894MW

79%

20% gas / 80% diesel

<5 years

>67,000 MW-months

14 months

VPower

Fast-track utility-grade
DPG

100%

22%
507MW (+102% yoy)
84%
88% gas / 12% diesel
1.3 years
>30,000 MW-months

59 months
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6.1 Aggreko plc.

6.1.1 Business Overview

Aggreko plc is a United Kingdom-based company, which is a provider of modular, mobile power and related
solutions. The company's segments include Power Solutions and Rental Solutions. The Power Solutions segment
provides solutions for power requirements. The company operates 193 sales and service centers. It serves
various the agriculture, construction, contracting, data centers, events, facilities management, food and
beverage, government services, manufacturing, mining, oil and gas, petrochemical and refining,
pharmaceuticals, renewable energy, shipping, telecommunications, and utilities sectors. Aggreko Plc was
founded in 1962 and is based in Glasgow, the United Kingdom.

The Power Solutions segment has two businesses: utility and industrial. The Industrial business operates in
emerging markets to develop solutions and then rent its equipment for the customers to operate themselves.
The Utility business also serves emerging markets, acting as a power provider, installing and operating modular,
mobile power plants. The Rental Solutions segment is a transactional business that offers power adjacencies,
such as heating, cooling, oil-free air and load-banks. The company focuses on a range of sectors, including
petrochemicals, oil and gas, events, utilities, manufacturing, services, construction, mining and shipping.

The rise of decentralized power has gone hand in hand with an increase in the number of individuals,
organizations and communities setting up their own energy assets - commonly known as the democratization
of the energy system. The company’s mobile and modular power is by its nature one of decentralized
generation; it has the flexibility and the know-how to scale up or down, from large-scale utilities to small
independent businesses, to meet its customer needs. Diesel generators have the fastest response time and
relatively easy fuel sourcing, while gas and hybrid technologies offer a cheaper, cleaner alternative in certain
conditions.




6.1.2 Financial Overview

Figure 19: Aggreko Plc. Revenue; 2013-2017 (US$ Billion)
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During 2017, the company’s performance has been materially impacted by the re-pricing and off-hire of its
utility contracts in Argentina, which masks the underlying improvement in performance across the rest of the
business. Revenue of the company inclined to US$2.23 billion in 2017 as compared to US$2.05 billion in 2016,
an increase of approximately 8% during the period. Growth in the revenue was primarily due to strong
performance of both of its segments namely power solutions and rental solutions.
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6.1.2 Financial Overview

Figure 20: Aggreko Plc. Revenue by Segments; 2017
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The company’s operations are divided into two major categories: Power Solutions and Rental Solutions. Being
the largest contributor in the overall revenue of the company during the year 2017, power solution held 58.4%

share and generated revenue of US$1.30 billion. Power Solutions Industrial revenue increased 20% with strong
growth from Eurasia and Africa.

Rental Solutions accounted for 41.6% share of the total revenue and amounted to US$0.93 billion during 2017.

Rental Solution revenue was up 9% in 2017, with solid growth in Europe and a small increase in Australia
Pacific.
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6.1 Aggreko plc.

6.1.3 Business Strategy

Investment in Origami Energy Ltd.

On April 5, 2018, Aggreko announced that it has acquired a 14% share in Origami Energy, an intelligent
software platform developer that optimizes revenue earning capacity of grid connected generation and storage
assets. Founded in 2013, Origami Energy uses cutting edge, smart technology to tackle some of the key issues
facing the energy industry resulting from the shift towards decentralization, decarbonization, and digitalization.

Origami Energy’s intelligent solutions help utilities, traders, network operators, energy providers and consumers
to realize the full potential of their energy assets. Origami Energy’s technology enables greater use of
renewables and increases profitability for energy market participants by optimizing the balance between grid
demand and supply. The investment will also help Aggreko’s strategy to lower the total cost of energy for its
customers while maintaining reliable power supply.

Launch of Modular Power Package

On February 22, 2018, Aggreko launched a mobile, modular power package for utility support and off-grid
locations, using HFO as its primary fuel source. Aggreko’s Medium Speed HFO (MSHFO) power package brings
its trademark containerized, scalable power online quickly, while lowering the overall cost of energy.

With more than 50 years’ experience providing diesel and gas fuelled mobile, modular power, HFO was the
natural extension that the company’s experts at its Dumbarton research and development facility have been
working on for a number of years.




6.1 Aggreko plc.

6.1.3 Business Strategy

Supply Agreement with Total

On January 30, 2018, Total and Aggreko have signed an agreement to extend their existing relationship to
cover the whole of Europe, as a first step. Total currently supplies Aggreko with lubricants, petroleum products
and associated services in 17 countries across mainly the Middle East and Africa. This European extension
includes technical collaboration to test and develop new innovative solutions in lube oil and fuels that marks a
step to collaborate in wider geographies.

The agreement will also help broaden the partnership between the two organizations and is a demonstration of
closer collaboration, innovation and future product and market development. Aggreko supplies Total with
tailored mobile, modular power, heating, and cooling across its Exploration and Production, Refining and
Chemical branches.

Joint Venture with Shanghai Yude in China

On January 19, 2018, Aggreko announced a joint venture in China with power rental company Shanghai Yude.
The new company starts trading immediately as Shanghai Yude Aggreko Energy Equipment Rental Co Ltd. The
move is part of Aggreko’s long term strategy to grow its business in China with an experienced and respected
local partner.

Aggreko takes 21.5% equity in the new company and operations will be managed by Shanghai Yude in line with
Aggreko’s class-leading standards and procedures. This mutually beneficial partnership with Shanghai Yude
means it can bring reliable power and joint expertise to a rapidly growing market.




6.2 APR Energy Ltd

6.2.1 Business Overview

APR Energy is a global leader in fast-track flexible power generation. The company build, own and operate
scalable, turnkey power plants that help run cities and industries around the world. The company was
incorporated in 2001. The company services are divided into three categories: Fast, Flexible and Full Service.

APR Energy Limited, formerly APR Energy plc, is engaged in the fast-track mobile turbine power business. The
Company provides fast-track power, providing customers with access to electricity when and where needed. The
Company serves both utility and industrial segments.

The Company provides power generation solutions to customers and communities around the world, with a
focus on Africa, the Americas, Asia-Pacific and the Middle East. The Company operates approximately 40
megawatts power plant in Angola, a fast-track mobile turbine project located in sub-Saharan Africa and its
turbine deal following the GE strategic alliance. In Asia Pacific, the Company's total generation capacity is
approximately 400 megawatts through its presence in Myanmar, the South Pacific and Australia, and across
multiple sites in Indonesia. The Company operates multiple sites in Uruguay and Argentina, in addition to plants
in the United States Virgin Islands and Guatemala.

»  Fast Service: APR Energy can begin delivering reliable, efficient power, anywhere in the world, in as fast as
30-90 days. Its large mobile fleet, staged at strategically located global distributions hubs, enables it to
provide customers with rapid access to power, when and where they need it.

>  Flexible Service: When it comes to flexibility, APR Energy stands in a class of its own. The operational
versatility and diversity of its technology leads its industry, while the scale and scope of its power
agreements provide customers with customizable options to fit their needs. Each solution is desighed to
match your unique operating or site requirements, including capacity, site, fuel type, voltage, emissions,
technology preference and more.

> Full Service: A key APR Energy advantage is that it build, own and operate its own turnkey power plants,
typically selling customers kilowatts through fixed and variable pricing. This provides its customers a
hassle-free approach to getting reliable electricity fast, while freeing them to focus on their core business.
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6.2 APR Energy Ltd

6.2.2 Business Strategy
Commencement of Two Power Plants in South Australia

On November 13, 2017, APR Energy announced that it has commissioned two new power plants in South
Australia that helped to defend against summer power outages. In August 2017, SA Power Networks contracted
APR Energy to install and operate power plants in the suburbs of Adelaide that would add as much as 276 MW of
generating capacity by December 1, in advance of peak seasonal demand.

Pre-commissioning activities included rigorous testing by SA Power Networks and the Australian Energy Market
Operator (AEMO), and extensive rehearsals to ensure the plants could meet the customer’s requirement to
inject electricity to the grid at the first sign of power fluctuations.

Helps to Restore Critically Needed Power in Puerto Rico

On October 31, 2017, when natural disasters knock out critical power supplies, customers around the world
count on APR Energy to deliver large-scale power fast. The latest is hurricane-ravaged Puerto Rico, where APR
Energy has commissioned two mobile gas turbines and connected them to the local power grid just 15 days
after its equipment arrived on site.

The fast-track solution features two new GE TM2500 Gen 8 mobile gas turbines, which will help to restore
power in the San Juan area and stabilize the power grid, reducing the risk of outages.
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6.2 APR Energy Ltd

6.2.2 Business Strategy
Enters Seventh Year in Senegal with New 30MW Project

On September 17, 2017, APR Energy announced that it has commissioned 30MW of generating capacity in
Senegal to provide supplement power while the Societe Nationale d’Electricite du Senegal (Senelec) repairs its
plant in Cap de Biches, which was damaged by fire in August. APR Energy’s plant, using diesel power modules,
was installed and operational just seven days after the contract was signed.

The project is the latest in a seven-year relationship with Senelec. APR Energy was first contracted by the utility
in 2011 to install and operate 50MW of generating capacity to alleviate growing power cuts while outdated
equipment was being rehabilitated and new capacity added. In 2012, a 100MW plant was added, and the
combined 150MW of power accounted for more than 20% of Senegal’s generating capacity. Over the years, APR
Energy has had a series of short-term contracts with Senelec, providing 30-150MW at a time depending on
seasonal demand and state of the country’s power infrastructure.

Renew Strategic Alliance with GE

On January 3, 2017, APR Energy and GE announced that they have renewed their strategic alliance to provide
mobile turbine technology into the fast-track power rental market. The strategic alliance grants APR Energy
exclusivity around the globe as the rental provider of GE mobile gas turbines under 50MW. As part of the
agreement, APR Energy will acquire new Generation 8, GE TM2500+ mobile turbines in connection with its
initiative to upgrade and standardize its fleet. In addition, GE and APR Energy will collaborate on leads for
customers looking for interim or rental power solutions as a bridge to more permanent power solutions.

The acquisition of the new mobile turbines further strengthens APR Energy’s position as the world’s leading
provider of mobile gas turbine power, expanding its total fleet capacity to more than 2GW - enough to power
the equivalent of two million US homes.
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6.3 VPower Group International

6.2.1 Business Overview

VPower is a Hong Kong-based company that designs and sells small gas and diesel power generation systems.
It has customers in China, Singapore, Hong Kong, the US, the UAE, Korea, the Philippines, and Africa.

The business has two segments: system integration (SI) - the design, integration and sale of power generation
sets; invest, build, operate (IBO) - the development and operation of engine-based distributed power
generation (DPG) projects. With more than 20 years of experience, VPower is now the largest SI provider of its
kind in Asia, and is in the top five globally. It is also the largest privately-owned operator of gas-fired diesel
power generators in Southeast Asia. It was listed on the Stock Exchange of Hong Kong in November 2016.

VPower’s DPG station business focuses on one sub-segment of the DPG industry - fast-track utility-grade DPGs.
These projects usually require fast delivery (i.e. within 12 months) to meet imminent power demand. The
contract is often between one and five years and the power generation units are typically designed to have high
mobility. Off-takers of fast-track utility-grade DPG projects are usually utility companies with strong government
support.

Additionally, the company offers installation, testing, commissioning, management, and maintenance services
for power generations systems. It has strategic partnerships with MTU Friedrichshafen GmbH, CRRC (Hong
Kong) Co. Limited, and China National Technical Import & Export Corporation. The company was founded in
1995 and is headquartered in Kwai Chung, Hong Kong. VPower Group Holdings Limited operates as a subsidiary
of VPower Group International Holdings Limited.




6.3.2 Financial Overview

Figure 21: VPower Group International Revenue; 2015-2017
(US$ Million)
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VPower Group has shown strong performance over the years 2015 to 2017, as its revenue risen at a rapid pace.
During 2017, revenue of the company inclined to US$224.08 million, an increase of approximately 14% as
compared to 2016 (US$197.26 million). The increase in revenue was mainly due to the growth of IBO business.
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6.3 VPower Group International

6.3.2 Financial Overview

Figure 22: VPower Group International Revenue by Segments; 2016
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The company’s operations are categorized into two segments: system integration and IBO. VPower’s IBO
segment focuses on DPG projects which are gas-fired, utility-grade, and fast-track oriented (project delivery
within 12 months). During 2016, system integration segment, which provides integrated gen-sets and power
generations systems PGS to a wide range of customers, including independent power producers (IPPs),
commercial buildings and data centres held 69.4% share of the overall revenue of the company. IBO segment
accounted for 30.6% share of the total revenue during the year 2016. IBO segment is expected to grow at a
more rapid pace as compared to system integration segment in the coming years.
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6.3 VPower Group International

6.3.2 Financial Overview

Figure 23: VPower Installed DPG Capacity; 2012-2016 (Megawatt)
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VPower’s DPG station business focuses on one sub-segment of the DPG industry - fast-track utility-grade DPGs.
These projects usually require fast delivery (i.e. within 12 months) to meet imminent power demand. The
contract is often between one and five years and the power generation units are typically designed to have high

mobility. Off-takers of fast-track utility-grade DPG projects are usually utility companies with strong government
support.

As of June 2017, VPower owns and operates a total 561 megawatt of DPG capacity (2016: 507 megawatt)
across Myanmar, Indonesia and Bangladesh. The company’s installed DPG capacity has shown tremendous
growth over the years 2012 to 2016, increased at a CAGR of 124.39%.
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6.3 VPower Group International

6.3.3 Business Strategy
Partnership with CITIC Pacific Limited

On January 30 ,2018, VPower a leading DPG station owner and operator in Southeast Asia announced that the
Group is going to partner with CITIC Pacific Limited, a wholly owned subsidiary of CITIC Limited, to establish an
investment fund — Tamar VPower Energy Fund I (the “Fund”).

The Fund, with an initial capital of US$160 million to be equally contributed by the Group and CITIC Pacific, will
seek long-term capital appreciation by way of investments in companies or operating projects in the energy
sector positioned to benefit from economic growth in China, Central Asia, Southeast Asia and other markets
encompassed by the “"One-Belt-One-Road” Initiative of China.

First Investment of DPG Project in Latin America

On October 25, 2017, VPower announced that, the Group’s first investment of 80 megawatt heavy fuel oil
("HFO")-fired DPG project in Peru (the “Project”) has recently commenced commercial operation.

On 16 May 2017, the Group entered into a US$30 million 3-year convertible loan agreement with F.K.
Generators and Equipment Ltd in relation to the Project. The Project runs on 7 units of medium speed HFO
power generation system under a 20-year concession period granted by the Peruvian Ministry of Energy and
Mines, from which the revenue generated will be based on the capacity availability during the concession
period.
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6.3 VPower Group International

6.3.3 Business Strategy

Memorandum of Understanding with CITIC Pacific

On march 3, 2017, VPower Group announced that the Group has entered into a memorandum of understanding
with CITIC Pacific Limited, a subsidiary of CITIC Limited to explore the acquisition opportunities on the clean
and renewable power generation projects in Southeast Asia, meanwhile jointly invest and develop certain gas-
fired power stations in South East Asia through establishing a joint venture company.
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About Us

Daedal-Research is a research and consulting firm specialized in providing research reports and customized
business research and analysis. Our success parameter is very simple - impact of our services on our clients'
business.

Daedal-Research has redefined the conventional research and analysis process. We offer one of the largest
portfolios of reports in terms of industries analyzed, geographic coverage and companies profiled. We have
delivered a wide range of assignments to global corporations and professional service firms in the
pharmaceutical, telecom and financial services industries. We provide high quality, cost effective research and
analysis to support decision making processes for industry professionals.

Our strength lies in the reliability of our research and on the value added analysis that we provide.

Disclaimer

The information and data provided in the report are compiled from different sources that we believe are
authentic, reliable and updated. Daedal Research does not warranty the accuracy or completeness of the
information and data. As Daedal Research is a secondary research firm, the data has been included in the
report from authentic sources. Forecasts, however, have been done by the analysts on the basis of past data,
macro-economic factors, various factors of growth, present and future trends. Statistical tools like SPSS have
been used for predicting future growth of the markets and segments.
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