


Precision Adaptation & Multi-Energy Integration

Cracking the Code on Building Zero-Carbon Mountainous Villages

Challenges

Wuyang Village is a typical mountainous village perched on a
730-meter-high plateau in Nantian town, Wencheng County,
Zhejiang Province. Residential clusters are scattered along the
mountain slopes, where infrastructure development is severely
constrained by the rugged terrain. Despite abundant hydropower
resources and an annual average of 1,080 effective sunlight hours,
the village was long trapped in a clean energy paradox. Before

2022, Wuyang Village faced three core challenges:

First, fragmented and underutilized green energy. The
utilization rate of local hydropower stations stood at only 15%,
while PV installations were extremely limited. Around 78% of
villagers still relied on firewood stoves and coal for heating,
resulting in annual carbon emissions exceeding 2,000 tons — a
paradoxical situation of “burning firewood amid abundant green

energy.”

Second, fragile grid with supply-demand imbalances. Long
supply distances and dispersed loads, combined with frequent
thunderstorms, led to an average annual power interruption
duration of 1.64 hours per household in 2022. This severely

hindered the development of local homestays and rural tourism.

Third, lack of carbon metering and significant misconceptions.
The village lacked basic carbon emissions monitoring
infrastructure. Misconceptions about low-carbon living were
widespread: 63% of villagers believed that “low carbon means

a lower quality of life,” and 82% were concerned about the high

maintenance costs of new energy equipment.

The forestry-PV complementary project in Wencheng

Solution

State Grid Wencheng Electric Power Supply Company (“State Grid
Wencheng” for short) pioneered an integrated approach combining energy
revolution, digital empowerment, and cultural immersion. Through the
construction of a six-in-one microgrid integrating hydrogen, vanadium,
solar power, hydropower, energy storage, and smart charging, it enables

the precise low-carbon transition of mountainous villages.

1. Energy revolution: building an intelligent microgrid system. Through
the construction of a multi-energy complementary microgrid, the company
has installed 44.5 kWp of PV system, 2 x 630 kW of hydropower system, an
80 kW/240 kWh energy storage system, and a hydrogen production system,
forming an integrated source-grid-load-storage architecture. A“1+3"
master-slave router system enables precise dispatching and 100% local
accommodation of clean electricity. By connecting a 10kV interconnection
line with a smart switching station, the microgrid achieves seamless grid-
connected and off-grid operation, providing up to 6.08 hours of off-grid
power supply. As a result, the average interruption duration per household
has been reduced to 0.748 hours.



2. Digital empowerment: creating a “Dual Carbon
Brain” platform. This platform integrates multi-source
data—including meteorological, hydrological, and grid
information—processing around 49,000 data points daily
to enable precise metering through a “Dynamic Carbon
Emission per kWh” model. By applying Al algorithms to
coordinate source, grid, load, and storage, it achieves peak
shaving, valley filling, and carbon footprint tracing. In 2024,
Wuyang Village's carbon emissions per kWh dropped by
28.4% year on year, reducing total carbon emissions by

around 900 tons.

3. Cultural immersion: fostering a green lifestyle. Low-
carbon practices have been incorporated into a bonus
points system, allowing villagers to earn bonus points in
eight scenarios—such as green commuting and online
electricity services—that can be redeemed for goods

or electricity bill discounts. The establishment of a VR
classroom, a Youth Carbon Neutrality Growth Center, and
the “Adopt-a-Tree” carbon sink project has significantly
enhanced low-carbon awareness among both residents and

tourists, with participation soaring from 37% to 91%.

Multiple Benefits

Environmental

The master-slave energy routing system developed by State Grid

Wencheng integrates renewable sources such as hydro, solar, and

hydrogen powers to achieve a 100% clean regional energy supply.

The system has generated a total of 1.925 GWh of electricity annually,

cutting carbon emissions by about 900 tons each year. This efficient

energy utilization and green development model protects the ecological

environment of Wuyang Village and supports Wencheng County’s

“Beautiful Rivers and Lakes"” initiative.

Economic

Since the project’s completion, the Wuyang PV system has generated

48.4 MWh of power annually, while energy storage for peak-valley

regulation has yielded annual returns of approximately US$15,400. The

full electrification of guesthouses has boosted the village collective’s

income from just over US$14,000 to approximately US$158,600. Villagers’

average annual income has increased by approximately US$1,200,

homestay occupancy rates have risen by 65%, and total tourism revenue
has exceeded US$102,500.

Social

Grid upgrades have raised power supply reliability to 99.997%,

significantly improving villagers' quality of life. Through promotion,

Wuyang Village has cultivated a green, low-carbon lifestyle, offering a

replicable zero-carbon transition model for similar rural communities.

2025 Climate Solutions from Chinese Enterprises

Rixt 512 T B9chE R U 2R T (2025)

Employees of State Grid Wencheng inspect the distribution box of a local guesthouse.

Application Scenarios

Zero-carbon development of mountainous, remote,
and tourism-oriented villages; regions with abundant
but underutilized distributed renewable energy
resources (e.g., hydropower, and solar); communities or
parks requiring precise carbon metering and intelligent
energy regulation; and sustainable communities
seeking to enhance resident engagement

Employees of State Grid Wencheng provide service at the Qiaojiale Guesthouse.



1RIEIEEC, BREHE:

B B2 LU X R ik £ 17 52 1R ¥ =R

IFESE

HAENZARENLUK S, T I8 XMErmBE SR
T30KRMBULFE L, MREERBUEBEED T, 2R
BRI IRFIRE. REMBEFERIKERRMFY
1080/NISEVEROLER, A NS E B EAERR. 20224
LART, BT EEE IR = ROk

—RIRREDER, MR . KBIEFAERI5%, HRTE
TRAR, T8% BN RAD KM A AN S PAIRERER , F WM
820000, FZRY “STEZRREREN" BIER.

—EREMAEES, HEKE, HBEYERK AFOH, BMZ
BRAR, 2022F ) F (2B EAL1.6418/N\0Y, ER
MRBLESRIER R

=ZRRHARTERK, INFRE EE, 2 R Z B/
IR, NRIMEREAFEIRME, 63%MHERINN “R
IREIRE R AETE R, 82% MK RIBOFTREIRIRE LR
ENE

XHAHERH AT
ARG E

EMHIEBNERATDXHEHBAT UTE
EMS R EHEBAT) L “BEREm+HIF A=
T ZHRERE, W2 SN TE” RA— &
BB, SKILXZR S MBS R R,

—RALRED, WEREREBNASR. B3I ZaEEAMAN
321844, 5kWp LR, 2X630kW7KEB. 80kW/240kWh (i
BERBIE RS, A “TR-W-Ta-E" — (LR, B0E

‘143" TMRREBRSG, KB EBERNBERES
100% A HEA, Bid 10kV B B LR B 558 B FF Xk, 58
WA/ BENFBTIHR, BRRHEESX6.08/)\0,
FI{SEBRY[a)fE 20.748/\Bo



“RHBFMEE, 1T “WmAR” F&. &
AR KX, BNEZRIIE, §HLIE
N49[FER, KU “EEmHE SRR
BT Bo BT AIBAMENR-M-f-fF, 5K
MEEEL. BB ITIB M. 20244, EFAR
FE BRI A LL T F%28.4%, IR/ D BRAFINEY
0.0975 M,

=RXWERE, HREEFAN BER
TRMNKRBEBE RORA, NERAE
TRBEIT. & EDBE/N\ K= RER
7, RIREMNBERME WIIVRFE. &
DEFRAPF AL, FFR “aFFE— R
BOCMIE, AN RS HFENERREIR,
S5 M3T%ERFAZEI1%.

ZEME
R {Eo

EMX i EHEATRIGEMBEREBERS, 2N
Koot EFRBERR, RIMMXEERMHEN100%5 751,
RIT&E8192.545kWh, FR/DIRAFREI0.095 M, BEIRS
WA BB L REN, RIFTRANBESHIER, B1HX
AR “EITAHT iR

ZFMNE.

MMEZRE, R ARELBAL.84FKkWh, (EREIEA
TEWm1IIGTT, RE2BAEFINEEBNAMIOR
ATTBE1I3HTT. N RFHIBILS5007T, RBENERREF
65%, FRFFEREUWNRIRT3HTTo

HEME.
EBWAROE I HEB R R A ES.997%, HREERE

EERS. BIELAH, KANTATEREMHmMAEEX
e, NEZEE SAHRMH T P BRI TR KRR,

2025 Climate Solutions from Chinese Enterprises

Rixt 512 T B9chE R U 2R T (2025)

EMXHEHBARRTIEREEEME

AR

WX, fRIZ 5 R ki A R N T k1%
BESBATBEERER (F0KkEE. RK) B
MARRNMX; FERERATESEE
BENHRIEK; FRRABRRSS5EN
GIESES e

EMX R EHBARRTIRSHFRFRE



About “GoldenKey - SDG Solutions”

To implement the assertion that sustainable development is

the “golden key” to solving current global problems proposed

by Chinese President Xi Jinping and to respond to the Decade of
Action, “GoldenKey - SDG Solutions” (GoldenKey) was launched by
China Sustainability Tribune in October 2020. The initiative aims to
identify, shape, and promote outstanding corporate SDG solutions
in China, tackle humanity's greatest challenges and drive sustainable
development in China and beyond. In 2021, the GoldenKey was
selected as the UN Good Practices (#33560).

As one of China’s most influential platforms for sustainable
development, GoldenKey has been held for six consecutive sessions.
A total of 2,365 corporate SDG solutions have been collected, with
1,054 selected as outstanding SDG solutions. These solutions span
areas such as climate action, well-being for all, rural vitalization,
tech4SDG, quality education, action4nature, and zero waste. They
stand out for their clear problem definition, outstanding innovation,
strong replicability, and significant integrated value, demonstrating
the capability and innovation of Chinese enterprises in advancing the
SDGs.

With the growing emphasis on green and low-carbon transformation,
the number of climate-related corporate solutions featured on

the GoldenKey platform has increased each year. Participating
enterprises range from central state-owned enterprises and foreign-
invested companies to private enterprises of all sizes and sectors,
contributing to China’s carbon neutrality goal through efforts in
energy transition, low-carbon production and operations, digital
empowerment, financial support, as well as low-carbon consumption
and living. GoldenKey has become one of China’s most influential
and internationally recognized platforms for corporate sustainability
exchange and evaluation.

From 2022 to 2025, GoldenKey and State Grid Corporation of China
(SGCC or State Grid) co-hosted the “GoldenKey - SGCC Special” for
four consecutive years. The event collects innovative solutions on
topics such as low-carbon transformation and green grids, and has
identified and promoted numerous exemplary practices within the
power sector. In 2025, GoldenKey launched the “GoldenKey - Power
Sector Special” in partnership with the China Electricity Council (CEC)
to further collect and showcase breakthroughs by power enterprises
in climate change, China’s 30-60 Decarbonization Goal, and low-
carbon transition of clean energy.

GoldenKey continues to optimize and upgrade China’s corporate
SDG solutions. Through a series of initiatives, including publications,
academic forums, field research, international launches, and
demonstration projects, GoldenKey showcases and promotes

these solutions on domestic and global platforms such as the

China International Import Expo, China International Consumer
Products Expo, UN Climate Change Conferences, and IUCN World
Conservation Congress. This provides replicable models for more
regions worldwide and supports the implementation of the SDGs.

Additionally, GoldenKey and the International School of Low-
carbon Studies of Shandong University of Finance and Economics
jointly established the GoldenKey Low-Carbon Action Center.
Focusing on empowering enterprises in their green and low-carbon
transformation, the center provides comprehensive knowledge
empowerment and capacity building, covering low-carbon strategy
development, carbon management capacity building, green project
implementation, application of green financial instruments and
climate risk control.

GoldenKey Annual Event
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