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Abstract. Shandong is a major province located in eastern China, which has large population,
prosperous economy and great energy consumption. For better development, more information
should be gathered for politic making or energy planning. In this paper, alarge amount of information
was searched on bibliographic data base. In the meantime, field researches were carried out in large
power enterprise, electric power design institute, research ingtitute and relative administrative
departments. Some renewable energy status in Shandong was introduced, such as solar energy,
biomass energy, wind energy, geothermal energy, hydropower and marine energy. Problems and
shortages were al so put forward and some solutions were given at the same time.

Introduction

According to World Energy Look 2016 made by International Energy Agency, global energy
consumption will increase by 30% till 2040. However, Paris Agreement calls for reductionof carbon
emission inthe coming decades. So the world energy structure is facing atransition to fulfill both the
increase of energy demand and the decrese of the carbon emission, and renewable energy will
become more and more important in future energy structrue.

Under such circumstances, renewable energy will take the place of fossil fuels and turn into main
energy in the future. What’s more, the development of renewable energy will form new industral
chain, provide more jobs and provide new economic development point. On the basis of some
calculation, renewable energy equipment manufacturing industry will provide more than 300
thounsand job and annual value of production will come to more than 1.45x10°$in Shandong
Provice[1]. Aswe can see from Table 1, the proportion of renewable energy will be much moreinthe
near future in Shandong. Accroding to Shandong Medium and Long Term Energy Plansmadein 2016,
till 2020, the consumption porperty of new energy and renewable energy will be raised from 3% to
7%, and the number is surely going up to 18% until 2030.Therefore, the effective utiliazation of
renewable energy becomes a new hot spot.

Tablel Plansfor installed electricity capacity in Shandong Province [1x10* kW]

Category Target 2020 2030
Fossil energy Coal Power 10000 10000
Gas Power 400 10000
Wind Power 1400 2300
Renewable Solar PV Power 1000 2500
energy Nuclear Power 270 2065
Biomass Power 230 500
Hydropower 110 790
Surplusenergy | Installed capacity 350 400
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Energy Resources and Consumption Status

Located in eastern coast of China, Shandong is an economy-prosperous province. In order to fit the
rapid growth of economy, energy consumption in Shandon is also going up. The tota energy
consumption amount in 2014 is equate to standard coal for 3.65x10%ons, which is 20.9% more than
2010. Setting 2005 as a base period, the amount of energy consumption increases by 1.4x10° tons’
standard coal every year, and the annual growth rateis4.7%. Coal isin the absolute predominancein
energy consumption, and secondary industry consumes more energy. In 2014, the energy
consumption of secondary industry is 2.81x10° tons’ standard coal, which makes up 77% of al the
energy consumption [2].

Table 2 Primary Energy Output in Major Y ears [1000 tons of SCE]
Y ear Tota energy Cod Crude Oil Natural Gas RenevvaFll]e
production Energy
1999  10322.39 6425.10 3807.55 89.01 0.73
2004  14394.61  10461.78  3820.50 111.84 0.49
2009  14600.08  10424.07  4040.38 119.97 15.66
2014 1522040  10699.80  3876.09 62.89 133.13

[1] Renewable energy: Hydro, Wind and Solar PV (PV) Power

The amount of coal consumption is aways beyond 70% in Shandong Province, while the
consumption of natural gas and petroleum are below the national average. According to Table 2,
renewabl e energy such as hydropower, wind energy and solar energy arejust used as auxiliary energy
source at least for ashort term, and nuclear power construction is aso hard to make big break through
during a short period.

The Development of Renewable Energy

Solar energy

The utilization of solar energy in Shandong Province is mainly focused on PV power generation
and heat utilization. At present, the production of solar water heater has aready formed a thorough
industrial system which include raw material processing, technological development, production and
marketing service. In the meantime, relevant industry such as glassmaking, metal manufacturing,
insulation material, vacuum equipment were promoted as well. Solar equipment firms reached a
certain scale in Shandong are more than 110. What’s more, the sales of Himin Solar Energy, Ritter
Solar, Sangle solar energy, Ecoo Solar arein the top ten all over the country.

By June, 2016, the PV generating capacity of Shandong power grid reached 2.82x10° kW. The
number of centralized PV power station is 87, and their capacity are 2.1x10° kW, the year-on-year
growth is 402%. The number of distributed PV power station is 3895, and their capacity are up to
7.25x10°kW, the year-on-year growth is 161% [3]. Till 2020, thetotal PV power installed capacity in
Shandong Province will be 1x10” kW, of which PV power station will be 8x10° kW, and distributed
PV power generation will be 2x10° kW. Till 2030, thetotal capacity will be 2.5x10” kW, of which PV
station will increase to 1x10” kW.

Biomass energy

In 2006, the biomass power generation project was put into operation in Shanxian, Shandong
Province. It was the first time to construct a biomass power plant by adopting advanced technology
from other countries and using crop stalks and wood wastes as raw materials in China. Itsinstalled
capacity is 2.5x10% kW, annual power generation is 1.4x10® kWh, which cost crop stalks for 1.6x10°
tons and reduce CO, emissionfor 1x10° tons per year. The annual benefit of the project is more than
4.35x10° $[4].
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By the end of 2015, the number of biomass power plant (garbage power plant included) is 87,
whose generating capacity are up to 1.16x10° kW, and the year-on-year growth is 18.57%. Their
annual energy production is 6.24x10% kWh, and the year-on-year growth is 25.02% [5].

For further development, measures should suit to local conditions. All of the crop straw, municipal
waste, forest, and livestock manure can be gathered for power generation. Till 2020, the total biomass
installed capacity will be 2.3x10°kW. For 2030, the number will be 5x10° kW.

Wind energy

Shandong is one of the most areas abundant in wind energy. The total amount of wind energy in
Shandong is about 6.7x10” kW, and mainly concentrated on the coast, island and plain areas in the
mountains. Offshore wind energy in Shandong is more abundant than land, and it has high speed,
long period and high efficiency, which makes great potential.

With governments at all levels paying their attention to wind energy, the wind power industry in
Shandong Provinceis developing rapidly. By 2015, the grid-tied totally installed capacity added up to
7.21x10° kW, generating capacity cometo 1.21x10° kWh, approved cumul ative capacity is 1.31x10°
kW, and the year-on-year growth is 2.486x10° kW. The cumulative capacity under construction is
5.9x10° kW, and the year-on-year growth is 1.42x10° kW. What’s more, 5 offshore megawatts wind
power bases will be managed to build as demonstration projects to encourage the construction of
wind power. Shandong government also plans to redlize the goa that the installed capacity of
wind-driven power should reach 1.4x10’kW by 2020, and 2.9x10" kW by 2030[6].

Geothermal energy

Thereisabundant geothermal energy in Shandong Province. According to research, the quantity of
geothermal energy in Shandong equates to standard coal for 1.24x10™ tons, of which the available
quantity equates to standard coal for 1.34x10°tons. The reserves of geothermal energy are far more
than petroleum and coal, which ranks only second to natural gas. So far the utilization amount is
8.12x10° tons, which is less than ten thousandth of the available quantity, and the main usage are
heating, bathing, swimming and aquiculture. If exploit al the geothermal water in 100 years,
1.005x10"m3 will be recovered per day.

Shandong is abundant in low-medium temperature geothermal energy. According to research, 17
cities in Shandong have geotherma energy, which is concentrated on plains in western and
northwestern Shandong. Dezhou, DongY ing, Binzhou, Liaocheng and Heze have the most abundant
geothermal energy, next are Jinan, Zibo, Jining and Weifang. The use ratio of geothermal energy in
these cities are badly uneven [7].

The usage of geothermal energy can be more diverse. For example, geothermal energy can be taken
as heat source for heat supply, greenhouse cultivation and leisure resort. Measures such as combined
utilization and energy-step-utilization could be adopt for further development. The heating(cooling)
area based on geothermal will be 1.5x108 m®in 2020, and it will be 3x10® m® in 2030.

Hydropower

The theoretical content of inland hydropower resources in Shandong Province is 4.4x10° kWh, of
which the exploitable amount is 2.14x10° kWh. Till 2010, there were 218 hydropower stations, 345
generator units, and totally installed capacity for 77449 kW. Small hydropower stations whose
N>500 kW (N meansinstalled capacity) were 85, generator unitswere 177, and installed capacity are
up to 59109 kW. Small hydropower stations whose N<500 kW were 133, generator units were 168.
Until now, the number of small hydropower stations merged into power grid is 148, and installed
capacity is 70806 kW [8].

Marine energy

Shandong Peninsula has avery twisting coastline, which is 3000 km and account for one-six of the
coastline in China. For this reason, Shandong has been built up the Blue Economic Zone to take full
advantage of marine resources. Since 1950s, Shandong has conducted a series of preliminarily
exploration on marine energy, such as Baishakou tidal power station in Rushan, whose annual power
generation reached 2.3x10° kWh.
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At present, the development and utilization of ocean wave power in Shandong Province is at
forefront of the country. The 100 kW pendulum wave power station in Daguan Island, Jimo City had
been put in to operation in September, 1999, whose annual power generation was 8x10° kWh.
Compared to equivalent coal-fired power plants, it can save coal resources for more than 3.5x10° tons
per year. And so far it can provide power for morethan 30 families, 120 peopleor so for daily life. For
the exploit of ocean thermal energy, the first seawater source heat pump system in Chinawas built in
Qingdao. The price for heating of this system is cheaper than coal heating for 1.45%/m? Qingdao
Olympic sailing competition base had adopted this system for power during 2008 Beijing Olympic
Games|[9].

Problems and Shortage

Policy

Renewable energy policies in Shandong Province are relatively single, more measures should be
put forward to encourage the devel opment of renewable energy. Most policies are simply imitations,
which have less definite goal and practicable measures. Innovation mechanism and high-end platform
should be built up immediately, and the energy structure should be accelerated. Not only the energy
saving products should be popularize, but also the energy saving ideas should beinstilled in people.

Theory

The policymaking study are mostly based on theoretical researches, empirical experiments are
badly insufficient, which leave alot to be desired. If there are enough data and cases, more valuable
conclusions will derive persuasive theoretical research and operability policy.

At present, peak regulation ability of power grid is still weak for our country, and the utilization
ratio of renewable energy is pretty low. Take wind energy as an example, although the installed
capacity is at advanced level, the wind abandoning rate is also high. Backward technique is the main
reason to restrict the development of renewable energy, which makes it the core competitiveness.
Therefore, related service and technology should be developed and investment should be
strengthened to solve the cost and stability problems.

Conclusions

Shandong has abundant renewable energy resources and extensive market, which makes it a huge
potential to develop renewable energy industry. But there are still so many problemsin policy, theory
and technology. More measures should be taken in the flowing stage of development.
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