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From: Wing Young [mailto: WingY@areenknight.com]
Sent: Monday, April 17, 2017 7:49 PM

To: XiaoMing Huang

Subject: Re: Follow-up Questions re DD

Dear Xiao Ming,
Your message is duly noted.

We are confident that we will meet the next milestone within around 6 months from now, of which we
will keep you abreast of. And again, we promise that we will increase the percentage of eco-friendly
materia's in MLS sports shoes to 50% or even higher based on technical and commercial feasibility.

Cheers,
Wing Young

Vice President

Green Knight Co., Ltd.

8F, No. 1234, Sec. 4, Zhongxiao E. Rd.
Taipei 11072, Taiwan, R.O.C.

T: +886-2-2715-5987

E-mail: www.greenknight.com

From: XiaoMing Huang [mailto:Xmhuang@angelearthbaby.com]
Sent: Monday, April 17, 2017 11:50 AM

To: Wing Young

Subject: RE: Follow-up Questions re DD

Dear Wing,

Thanks for the clarification. We take note of your trade secrets response relating to the testing report,
though we feel a bit disappointed.

We think unless the eco-friendly materials contained in the MLS sports shoes reach at least 50%, the
MLS sports shoes should not be claimed as "the most green sports shoes in Taiwan".

We understand that it may take some time to develop the technology to reduce the costs of MLS
materials, so please keep us posted on the progress and the schedule regarding the increase of the
percentage of eco-friendly materials in MLS sports shoes,

Best regards,
XiaoMing Huang
APAC General Counsel

Angelearthbaby Investment, Inc.
PO Box 59487 KY1-1209, Seven Mile Beach
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Grand Cayman, KY1-1209 Cayman Islands
T: +1 (345) 943-9487
E: www.angelaearthbaby.com

From: Wing Young [mailto: WingY@greenknight.com]
Sent: Friday, April 14, 2017 13:32 PM

To: XiaoMing Huang

Subject: Re: Follow-up Questions re DD

Dear Xiao Ming,
Thank you for your email.

We certainly understand your concern.  As you may be aware, the MLS materials are processed by
our exclusive technology and thus are our trade secrets. Therefore, we apologize that we are not able
to share the eco-friendly materials testing report in relation to the MLS sports shoes with you.
However, based on our latest progress, there is at least 30% of eco-friendly materials contained in the
MLS sports shoes now.

And while the production cost of the MLS materials is still quite high at the current stage, please be
assured that we will work relentlessly to keep improving our technology in order to contain an increased
amount of eco-friendly materials in our MLS sports shoes, to the extent commercially and
technologically feasible.

Being the leader of this market, we firmly believe that the MLS sports shoes represent the promising
future of green sports products.

We hope the above clarifies your concern. Please feel free to let us know if you have any questions.

Cheers,
Wing Young

Vice President

Green Knight Co., Ltd.

8F, No. 1234, Sec. 4, Zhongxiao E. Rd.
Taipei 11072, Taiwan, R.O.C.

T: +886-2-2715-5987

E-mail: www.greenknight.com

From: XiaoMing Huang [mailto:Xmhuang@angelearthbaby.com]
Sent: Thursday, April 13, 2017 6:23 PM

To: Wing Young

Subject: Follow-up Questions re DD

Dear Wing,

We greatly appreciate the cooperation from the company side during the legal due diligence. While
we are still in the middle of our DD exercise, we would like to clarify one issue about the marine life
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skeleton material (MLS) sports shoes.

We learned that Green Knight has been working on the R&D of eco-friendly materials and is eager to
introduce the eco-friendly sports products to the market. And a milestone of such goal is that Green
Knight has launched the MLS sports shoes (which were claimed as "the most green sports shoes in
Taiwan") a few months ago.  As you know, we support all kinds of green products, and so we are
thrilled to see the creation of the MLS sports shoes by you.

However, one thing that alerted us is that, based on our preliminary due diligence findings, a
substantial part of the materials used for the manufacturing of MLS shoes is still virgin plastic, and it
appears that there is still approximately 80% or more virgin plastic used in the MLS sports shoes.

In this connection, could you share with us a copy of the eco-friendly materials testing report in relation
to the MLS sports shoes so that we can verify the percentage of the eco-friendly materials contained in
the MLS sports shoes? Please note that this information is crucial to our board's investment
decision-making process.

We hope that Green Knight understands our concern, and we look forward to hearing your thoughts on
this.

Best regards,
XiaoMing Huang

APAC General Counsel

Angelearthbaby Investment, Inc.

PO Box 59487 KY1-1209, Seven Mile Beach
Grand Cayman, KY1-1209 Cayman Islands
T: +1 (345) 943-9487

E: www.angelaearthbaby.com
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SHARE PURCHASE AGREEMENT

THIS SHARE PURCHASE AGREEMENT (this "Agreement") is executed as of June 16,
2017, by and among:

(a) Green Knight Co., Ltd. (&% +84r# R 3)) , a company duly incorporated under
the laws of the Republic of China ("ROC" or "Taiwan") and having its registered
address at 8F, No. 1234, Sec. 4, Zhongxiao E. Rd., Taipei 11072, Taiwan, R.0.C. (the
"Company"); and

(b) Angelearthbaby Investment, Inc. (X % ¥#& &2 3)), a company duly incorporated
under the laws of Cayman Islands and having its registered address at PO Box 59487
KY1-1209, Seven Mile Beach, Grand Cayman, KY1-1209 Cayman Islands (the
"Buyer").

The Buyer and the Company, each a "Party" and collectively, the "Parties".

RECITALS

WHEREAS, the Company is a company traded at the emerging market in Taiwan, and is
engaged in the manufacturing and sales of sports goods and equipment and gear;

WHEREAS, the Buyer is a leading international investment firm focusing its investment in
the environmental-friendly and sustainable businesses worldwide;

WHEREAS, the Buyer intends to subscribe and purchase 6,000,000 preferred shares to be
issued by the Company and the Company intends to issue and sell such 6,000,000 preferred
shares to the Buyer on the terms and conditions hereof; and

NOW, THEREFORE, in consideration of the foregoing and the mutual covenants and
agreements herein contained, and intending to be legally bound hereby, the Parties agree the
following terms and conditions.

1. Definitions.

The following terms shall have the meanings ascribed to them below:

"Business Day" means any day (other than a Saturday or Sunday or statutory holidays
in Taiwan) on which banks are generally open for business in Taiwan.

"Closing" means the consummation of the transfer of the Purchasing Shares.

"Closing Date" means the date of Closing.
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"FIA" shall mean the foreign investment application to be submitted by the Buyer to
the Investment Commission of the Ministry of Economic Affairs for the purchase of
the Purchasing Shares from the Company as provided herein.

"Law(s)" means any constitutional provision, statute or other law, rule, regulation,
official policy or interpretation of any governmental authority and any injunction,
judgment, order, ruling, assessment or writ issued by any governmental authority.

"Material Adverse Effect" means any (a) event, occurrence, fact, condition, change
or development that has had or reasonably would be expected to have a material
adverse effect on the business, operations, value, financial, operating results,
prospects, or other condition, assets or liabilities of the Company, either individually
or taken as a whole; (b) material impairment of the ability of the Company to perform
their respective obligations hereunder or under any other ancillary agreements, as
applicable; or (c) change, event or effect that is or would reasonably be expected to
have a material and adverse effect on the legality, validity or enforceability of this
Agreement or any ancillary agreements.

"Transaction" means the transaction contemplated under this Agreement.
Share Purchase and Closing.

2.1  Sale and Purchase of the Purchasing Shares. Subject to the terms and
conditions of this Agreement, at the Closing, the Buyer agrees to subscribe and
purchase from the Company 6,000,000 preferred shares of par value NT$10
(the "Purchasing Shares") each to be issued by the Company at NT$30 per
preferred share (the "Purchase Price") and the Company intends to issue and
sell the Purchasing Shares to the Buyer. The total amount of the purchase
price for the Purchasing Shares is NT$180,000,000 (the "Total Purchase
Price").

2.2 Closing. The purchase and sale of the Purchasing Shares shall take place
remotely via the exchange of documents and signatures within two Business
Days upon the satisfaction or waiver of all the closing conditions set forth
herein, or at such other time and place as the Company and the Buyer mutually
agree upon in writing.

2.3 Delivery.

(a) At the Closing, the Buyer shall deliver to the Company the Total
Purchase Price, which shall be paid in the form of wire transfer of
immediately available funds to the bank account designated by the
Company in writing.

(b) At the Closing, the Company shall deliver to the Buyer:

(i) a share certificate representing the Purchasing Shares that is
registered in the Buyer's name; and
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(ii)  a copy of the shareholder roster of the Company, reflecting the
Purchasing Shares being purchased by the Buyer.

3. The Buyer's Put Option.

3.1

3.2

33
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Exercise of Put Option. Notwithstanding anything to the contrary contained
herein, under either of the following circumstances, the Buyer has the right,
but not the obligation, to require the Company to redeem the whole or part of
the Purchasing Shares pursuant to the procedure specified in this Section 3 (the
"Put Option"):

(a) the Company is in breach of any of its representations and warranties
made under Section 6.6 or Section 6.7 herein; or

(b) the Company is in breach of any of its covenants or undertakings
made under Section 8.2 herein.

The Parties hereby expressly acknowledge that the Buyer’s exercise of its Put
Option to sell back the Purchasing Shares shall not affect or compromise the
Buyer’s rights under any other provisions herein or its rights to claim damages.

Purchase Price of the Put Shares. The Company shall, within ten (10)
business days or such other days as promptly as legally possible following its
receipt of the Buyer’s written notice requiring the Company to redeem the
Purchasing Shares (the "Put Notice"), purchase such number of the
Purchasing Shares identified in the Put Notice (the "Put Shares") at the same
Original Purchase Price per Put Share (collectively, the "Redemption Price")
(the "Put Option Transaction").

Put Option Transaction Closing. At the closing of the Put Option
Transaction, the Company shall pay the Redemption Price, by wire transfer of
the funds in NT$ to the bank account as designated by the Buyer, and the
Buyer shall deliver the share certificates representing the applicable Put Shares:

Put Option Transaction Closing Condition. The closing of the Put Option
Transaction shall be conditioned upon the Buyer's obtaining the approval of
the Investment Commission of the Ministry of Economic Affairs for the
Buyer's transfer and delivery of the applicable Put Shares to the Company.
The Company shall make best efforts to assist the Buyer with such application
process as reasonably requested by the Buyer.

4. Conditions to the Buyer's Obligations at the Closing.

The obligation of the Buyer to purchase the Purchasing Shares at the Closing, unless
otherwise waived by the Buyer, is subject to the fulfilment, to the satisfaction of the
Buyer on or prior to the Closing Date, of the following conditions, except for those
with a specified date, on or prior to such specified date:

4.1

Representations and Warranties. ~ With respect to the Closing, the
representations and warranties made by the Company in Section 6 shall be true
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and correct when made, and shall be true and correct as of the Closing Date
with the same force and effect as if they had been made on and as of the
Closing Date or any such date specified in the representations and warranties,
subject to changes contemplated by this Agreement.

FIA. Buyer shall have obtained the FIA approval and all other government
approvals, if any, as may be required in connection with the Transaction.

Due Diligence. The Buyer shall have completed a due diligence review on the
business, legal (including any compliance matters related to anti-corruption
and anti-bribery), financial and tax aspects of the Company and the results are
satisfactory to the Buyer as of the Closing Date.

No Material Adverse Effect. Since the date of this Agreement and until the
Closing Date, there shall have been no event, change, development, condition
or circumstance constituting or giving rise to a Material Adverse Effect.

Conditions to the Company's Obligations at the Closing.

The obligation of the Company to issue and sell the Purchasing Shares at the Closing,
unless otherwise waived by the Company, is subject to the fulfilment, to the
“satisfaction of the Company on or prior to the Closing Date, of the following
conditions, except for those with a specified date, on or prior to such specified date:

5.1

Representations and Warranties.  With respect to the Closing, the
representations and warranties made by the Buyer in Section 7 shall be true
and correct when made, and shall be true and correct as of the Closing Date
with the same force and effect as if they had been made on and as of the
Closing Date or any such date specified in the representations and warranties,
subject to changes contemplated by this Agreement.

Representations and Warranties of the Company

The Company hereby represents and warrants to the Buyer that the following
statements are true, correct, complete and not misleading as of the date of this
Agreement and will continue to be true, correct, complete and not misleading as of the
Closing Date.

6.1

6.2

Organization and Qualification. The Company is a corporation duly
organized, validly existing under the laws of Taiwan and has all requisite
corporate power and authority to carry on its business as presently conducted
and as presently proposed to be conducted. The Company is duly qualified to
transact business and is in good standing in applicable jurisdictions.

Legal Capacity. The Company is duly organized, validly existing and, if
applicable, in good standing under the laws of Taiwan, and has the legal right
and full power to conduct its business as such business is currently being
conducted, and has full legal capacity and all requisite power and authority to
execute and deliver this Agreement, and to carry out the provisions of this
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Agreement and is not under any prohibition or restriction, contractual,
statutory or otherwise against doing so.

Compliance with Laws. (i) There are presently no existing circumstances
that are likely to result in any violation of or liability under any applicable
Laws or other requirements relating to the assets, liabilities, results of
operation, condition, financial or otherwise, or prospects of the Company; and
(ii) the Company has not received any written or oral notification of any
asserted present or past failure by the Company to comply with such laws,
rules or regulations, or contracts or agreements.

Litigation. There is no pending action, suit, proceeding, arbitration, mediation,
complaint, claim, charge or investigation before any court, arbitrator, mediator
or governmental body or, to the Company's knowledge, currently threatened in
writing (a) against the Company or (b) against any consultant, officer, director
or employees of the Company arising out of his or her consulting, employment
or board relationship with the Company, that could cause a Material Adverse
Effect to the Company, or could otherwise materially impact the validity of
this Agreement and the Transaction.

Financial Statements.

(a) The Company has delivered to the Buyer its latest audited financial
statements (collectively, the "Financial Statements"). Such
Financial Statements: (i) are in accordance with the books and records
of the Company; and (ii) are true, correct and complete and present
fairly the financial condition of the Company at the date or dates
therein indicated and the results of operations for the period or
periods therein specified.

(b) Except as set forth in the Financial Statements, the Company has no
material liabilities or obligations, contingent or otherwise, other than
(i) liabilities incurred in the ordinary course of business, and (ii)
obligations under contracts and commitments incurred in the ordinary
course of business.

Environmental Matters. The Company is, in all material respects, in
compliance with all applicable Laws relating to the health, safety and
environment (HSE) regulation, protection of the environment or protection of
natural resources, including without limitation, the Air Pollution Control Act,
the Water Pollution Control Act, Waste Disposal Act, Toxic and Chemical
Substances Control Act ("Environmental Laws"), which compliance includes
obtaining, maintaining and complying with all permits and approvals and
monitoring process required under applicable Environmental Laws to operate
its business. The Company has not received notice of any pending action or,
to the knowledge of the Company, threatened action alleging noncompliance
with or potential liability under Environmental Laws. Any and all the
manufacturing plants owned or leased by the Company comply with all
applicable Laws in respect of safety and quality.
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Corporate Social Responsibility. During the production and manufacturing
process, the Company has honored its corporate social responsibility,
implemented the environmental, social and governance standards, adopted the
eco-friendly production process and used eco-friendly materials, and complied
with all the applicable major environmental laws and regulations.

No Other Representations or Warranties. Except as otherwise expressly set
forth in this Section 6 of this Agreement, the Company expressly disclaims
any representations or warranties of any kind or nature, statutory, express or
implied, including any representation or warranty as to the accuracy or
completeness of any information regarding the Company made available to the
Buyer or its representatives, including its condition (financial or otherwise) or
prospects, business, or operation, and any information, documents or material
made available to the Buyer in the data room, management presentations or in
any other form in expectation as the transaction contemplated hereby or as to
the condition, value or quality of the business of the Company.

Representations and Warranties of the Buyer

The Buyer hereby represents and warrants to the Company that the following
statements are true, correct, complete and not misleading as of the date of this
Agreement and will continue to be true, correct, complete and not misleading as of the
Closing Date.

7.1

7.2

Organization and Qualification. The Buyer is a company incorporated and
validly existing under the laws of the Cayman Islands, and has all requisite
corporate power and authority to carry on its business as now conducted and to
invest in the Company by purchasing the Purchasing Shares contemplated
hereunder.

Authorization. This Agreement will constitute a valid and legally binding
obligation of the Buyer, subject to, as to enforcement of remedies, applicable
bankruptcy, insolvency, moratorium, reorganization and similar laws affecting
creditors' rights generally.

Covenants, Undertakings and other Agreements

8.1

8.2

General. Subject to the terms of this Agreement, each Party shall use best
endeavours to take, or cause to be taken, all actions and do all things necessary,
proper or advisable in order to consummate and make effective the transaction
contemplated by this Agreement.

Corporate Social Responsibility. During the production, manufacturing and
sales process, the Company shall comply with all applicable laws, and shall
strike a proper balance between or among the corporate governance,
environmental protection, human rights, community engagement, employees'
welfare, shareholders' rights, relationship with the upstream and downstream
manufacturers, and relationship with the customers. The Company undertakes
to, by taking the interest of all stakeholders into account, year by year promote

6
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the efficacy of the corporate governance, sustainable development and
environment protection.

Survival of Representations and Warranties. The representations and
warranties contained in Section 6 hereof shall survive the Closing.

Miscellaneous

9.1

9.2

9.3

9.4

Governing Law. This Agreement will be governed by and construed under
the laws of Taiwan without giving effect to any choice of law or conflict of
law provision or rule thereof.

Dispute Resolution. Any dispute, controversy, difference or claim arising out
of, relating to or in connection with this Agreement, or the breach, termination
or invalidity thereof, shall be finally settled by the Taiwan Taipei District
Court as the court of the first instance.

Amendment. Any term of this Agreement may be amended only with the
written consent of the Parties.

Counterparts.  This Agreement may be executed in any number of

counterparts, each of which shall be deemed an original, but all of which
together shall constitute one and the same instrument.
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IN WITNESS WHEREOF, the Parties have executed this Agreement as of the date first
written above.

BUYER: Angelearthbaby Investment, Inc. (X % ¥ &%
A2 F)

By:
Name: Angel Amelia Hudson
Title: Chairman

COMPANY: Green Knight Co., Ltd. (45844 R 3)

By:
Name: Purata Green Giant
Title: Chairman
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The validation process of Bitcoin's blockchain requires vast amounts of electricity.
We demonstrate a methodology for estimating the associated carbon footprint

based on IPO filings of major hardware manufacturers, insights on mining facility
operations, mining pool compositions, and localization of IP addresses. Our

findings provide empirical insights into the carbon footprint of Bitcoin. These

results, combined with the risk of collusion and concerns about control that we
discuss, may help policy-makers in setting the right rules for a sensible adoption of

blockchair

technology.
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The Carbon Footprint of Bitcoin

Christian Stoll,*?:5* Lena KlaaBen,? and Ulrich Gallersdérfer”

SUMMARY

Participation in the Bitcoin blockchain validation process requires specialized
hardware and vast amounts of electricity, which translates into a significant car-
bon footprint. Here, we demonstrate a methodology for estimating the power
consumption associated with Bitcoin’s blockchain based on PO filings of major
hardware manufaciurers, insights on mining facility operations, and mining pool
compositicns. We then translate our power consumption estimate into carbon
emissions, using the loczlization of IP addresses. We determine the annual elec-
tricity consumption of Bitcoin, as of November 2018, to be 45.8 TWh and esti-
mate that annual carbon emissions range from 22.0 to 22.9 MtCO;. This means
that the emissions produced by Bitcoin sit between the levels produced by the
nations of Jordan and Sri Lanka, which is comparable to the level of Kansas City.
With this article, we aim to gauge the external costs of Bitcoin and inform the
broader debate on the costs and benefits of cryptocurrencies.

INTRODUCTION

In 2008, Satoshi, the pseudonymous founder of Bitcoin, published a vision of a dig-
ital currency which, only a decade later, reached a peak market capitalization of over
$800 billion." The revolutionary element of Bitcoin was not the idea of a digital cur-
rency in itself but the underlying blockchain technology. Instead of a trusted third
party, incentivized network participants validate transactions and ensure the integ-
rity of the network via the decentralized administration of a data protocol. The
distributed ledger protocol created by Satoshi has since been referred to as the “first
blockchain.”*

Bitcoin’s blockchain uses a Proof of Work consensus mechanism to avoid double
spending and manipulation. The validation of ownership and transactions is based
on search puzzles of hash functions. These search puzzles have to be solved by
network participants in order to add valid blocks to the chain. The difficulty of these
puzzles adjusts regularly in order to account for changes in connected computing
power and to maintain approximately 10 min between the addition of each block.*

During 2018, the computing power required to solve a Bitcoin puzzle increased
more than 4-fold until October and heightened electricity consumption accord-
ingly.”® Speculations about the Bitcoin network’s source of fuel have suggested,
among other things, Chinese coal, Icelandic geothermal power, and Venezuelan
subsidies.” In order to keep global warming below 2°C—as interationally agreed
in Paris COP21—net-zero carbon emissions during the second half of the century
are crucial.” To take the right measures, policy-makers need to understand the car-
bon footprint of cryptocurrencies.

We present a techno-economic model for determining the electricity consumption

of the Bitcoin network in order to provide an accurate estimate of its carbon foot-
print. Firstly, we narrow down the power consumption, based on mining hardware,
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Context & Scale
Blockchain technology has its
roots in the cryptocurrency
Bitcoin, which was the first
successful attempt to validate

transactions via a decentralized
data protocol. This validation
process requires vast amounts of
electricity, which translates into a

significant level of carbon
emissions. Our approximation of
Bitcoin’s carbon footprint
underlines the need to tackle the
environmental externalities that
result from cryptocurrencies.

Blockchain solutions are
increasingly discussed for a broad
variety of use cases beyond
cryptocurrencies. Although not all
blockchain protocols are as
energy intensive as Bitcoin's
protocol, environmental aspects,
the risk of collusion, and concerns
about control must not be ignored
in the debate on anticipated
benefits. Qur findings for the first
stage of blockchain diffusion and
the externalities we discuss may
help policy-makers in setting the
right rules as the adoptior: journey
of blockchain technology has just
started.
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facilities, and pools. Secondly, we develop three scenarios representing the
geographic footprint of Bitcoin mining, based on pool server IP, device IP, and
node IP addresses. Thirdly, we calculate the carbon footprint, based on the regional
carbon intensity of power generation.

In comparison to previous work, our analysis is based on empirical insights. We use
hardware data derived from recent IPO filings, which are key to a reliable estimate of
power consumption since the efficiency of the hardware in use is an essential param-
eter in this calculation. Furthermore, we include assumptions about auxiliary factors,
which determine the power usage effectiveness (PUE). Losses from cooling and IT
equipment have a significant effect but have been largely neglected in prior studies.
Besides estimating the total power consumption, we determine the geographical
footprint of mining activity based on IP addresses. This geographical footprint
allows for a more accurate estimation of carbon emissions than earlier work.

Previous academic studies, such as predictions of future carbon emissions’ or com-
parisons of cryptocurrency and metal mining,'” are based on simplistic estimates of
power consumption and lack empirical foundations. Consequently, the estimates
produced vary significantly among studies, as depicted in Figura 1. For instance,
De Vries published in Joule an estimate of 2.55 to 7.67 gigawatts as of March
2018, while his Digiconomist site suggested a number at the very upper end of
this range at that time."""’

We show that, as of November 2018, the annual electricity consumption of Bitcoin
had a magnitude of 45.8 TWh. We further calculate that the resulting annual carbon
emissions range is between 22.0 and 22.9 MtCO,, a ratio that sits between the levels
produced by Jordan and Sri Lanka'“ and is comparable to the level of Kansas City."*
The magnitude of these carbon emissions, combined with the risk of collusion and
concerns about control over the monetary system, might justify regulatory interven-
tion to protect individuals from themselves and others from their actions.

RESULTS

Mining Hardwave

Bitcoin prices for 2017 chart a curve shaped like an upturned hockey stick and
boosted the investment made by network participants in mining hardware. First-
generation miners used central processing units (CPUs) in conventional personal
computers with computing power of less than 0.01 gigahashes per second (GH/s)
and an efficiency of 9,000 joule per gigahash (J/GH). Over time, miners switched
to graphic processing units (GPUs), with 0.2-2 GH/s and 1,500-400 J/GH in 2010
and, starting in 2011, moved to field-programmable gate arrays (FPGA) with
0.1-25 GH/s and 100-45 J/GH."" Since 2013, application-specific integrated circuit
(ASIC)-based mining systems, with up to 44,000 GH/s and less than 0.05 J/GH have
prevailed. ” Figure 2 charts the market price (in US dollar per Bitcoin [USD/BTC]),
network hash rate (in petahashes per second [PH/s]), and resulting profitability
threshold (in J/GH), where miners’ income equals cost. Comparing this profitability
threshold to the efficiencies of mining hardware shows that only ASIC-based mining
systems operate profitably nowadays.

From IPO filings disclosed in 2018, we determine the distribution of market share
held by the three major mining hardware producers: Bitmain, Canaan, and Ebang.

The hardware in use and its efficiency are key to a reliable estimate of power con-
sumption. Based on the IPO filings, we conclude that, as of November 2018,
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Figure 1. Power C ption and Carben Estimates in Previous Studies

The data reflect the power consumption at a specific date. Thus, the data are presented in power
(W) rather than energy (J).

(A) 100-500 MW power consumption as of January 1, 2017.%*

(B) 470-540 MW as of February 2017, 816-944 MW as of July 2017, and 1,620-3,136 MW with a best
guess of 2,100 MW as of November 1, 2018.*

(C) 2,550-7,670 MW as of March 2018, calculated by assuming miners spent 40% of all revenues on
hardware and 60% on electricity.”

(D) 948 MW as 2017 average and 3,441 MW as first 6 months 2018 average. e

(E) 12,080 MW as of July 2018; only value that includes the power spent on manufacturing of the
mining hardware, which represents 57% of this total power {and emissions) estimate; PUE of

1.25 considered.”

(F) 7,687 MW average of daily estimates in November 2018; daily estimates range from 5,983 MW to
8,347 MW in November 2018; estimates calculated by assuming 60% of revenues are spent on
operational costs including electricity, hardware, and cooling costs. '

(G) 345 MW as of December 2016, 1,637 MW as of December 2017, and 5,232 MW as of November
2018; PUE of 1.05 considered.

(H) 69 MtCO, emissions as of 2017; calculation based on the flawed assumption that the number of
transactions drives power consumption.

(1) 43.9 MtCO, emissions as of February 2018, including Ethereum.”

(J) 2.9-13.5 MtCO; emissions range calculated using the median daily power consumption from
January 2016 to June 2018 multiplied by CO, emission factors of seven countries, assuming all

miners would be based in one of these countries. "
(K) 61 MtCO; emissions as of July 2018, using a global average CO; emission factor. **

(L) 25.8 MtCO; emissions as of November 2018, using an emission factor of 0.7 kg CO, per kWh for
70% of the power consumption (based on China's average emission factor), and assuming clean
energy for the remaining 30%.""

(M) 22.0-22.9 MtCO; emissions as of November 2018; range reflects three footprint scenarios with a
respective local carbon intensity of power generation.

(N) Indexed hash rate (required computing power) since January 1, 2017; data retrieved from
Blockchain.com (i :
See Figure 7 for absolute values.

in.com/charss).”

Bitmain’s hardware provides 78% of the network’s computing power, while the hard-
ware of Ebang provides 13% and of Canaan, 9% (see Data S$1: Sheet 3.2; the IPO fil-
ings and the calculation of the distribution are embedded in Data $1: Sheet 3.4).

Mining Facilities

There is no typical size of cryptocurrency mining operations, but there is a wide scale
ranging from students who do not pay for their electricity (some of whom applied to
support this research) ” to gamers who leverage their graphics cards whenever they
are not playing (as reflected in Nvidia's volatile sales allocated to crypto),’” all the
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Figure 2. Bitcoin Market Price, Network Hash Rate, Profitable Efficiency, and Hardware
Efficiencies of ASIC-Based Mining Systems Released by Major Mining Hardware Preducers
Values are charted at monthly intervals. Hash rate and market price were retrieved from
Blockchain.com ( s).” Calculations of the profitable hardware efficiency
are reported in Dats 51; Shcet 3 6. We assume an average electricity price of USD 0.05/kWh as
argued in previous estimates. ** A detailed overview of ASIC-based mining systems releases can
be found in Data $1: Sheet 4.1.

way up to dedicated, large-scale crypto-mining farms (for instance, in abandoned
olivine mines in Norway)."”

Depending on the scale of the mining operation, auxiliary efficiency losses may
occur in addition to losses caused by mining hardware. The two main categories
of auxiliary losses are cooling and IT equipment. We classify miners into three
groups according to the scale of their operation: small (S) miners consume less
than 0.1 MW of electricity (comparable to providing less than 0.9 PH/s or twenty
of the most efficient ASIC-based mining systems), medium (M) miners consume
1 MW or less (and provide less than 9 PH/s), and large (L) miners consume more
than 1 MW. This classification is based on personal communications with medium
and large-scale miners.

For large-scale miners, we use a PUE of 1.05. For medium-scale miners, we use a PUE
of 1.10 because of less optimized cooling systems. For small-scale miners, we as-
sume a PUE of 1.00, as there is no need for cooling systems, converters, load trans-
formers, and adapters (see Data S1: Sheet 2 for a sensitivity analysis of these assump-
tions and Sheet 3.7 for interview notes with a mining company).
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Figure 3. Hash Rate Distribution of Slushpool Grouped by Individual Miners’ Computing Power
Data generated in web scrawling of Slushpool pool statistics (
c--l:v:r,).m’which differentiates 27 size groups that we groupin S, M, and L,
Sheet 3.7; source code available under ntt thub.com/UlGs

aol.con
atareported in Data S1:

We determine the distribution among these three categories using Slushpool data,
displayed in Figure 3. Slushpool is a public mining pool, which provides live statistics
on the computing power of connected users.'” By assuming that the distribution is
the same for all public pools in the rest of the network, we determine that 15% are
small-, 19% are medium-, and 65% are large-scale miners for these pools. Regarding
private pools, we classify them as 100% large-scale miners since they are usually run
by big institutions. This results in an overall PUE of 1.05.

Mining Pocls

Miners combine their computing power and share the block rewards and transaction
fees in order to reduce the time and variance of finding a new block. Back in January
2011, a miner with an up-to-date GPU (2 GH/s) could expect to find more than two
blocks a day. In November 2018, because of the increasing difficulty of the search
puzzle, the same miner could expect to find a block every 472,339 years. Even
today’s most powerful ASIC-based mining system (44,000 GH/s) yields an expected
discovery rate of one block every 21 years (the calculations can be found in
Data S1: Sheet 4.3).

The average time it takes to find a new block depends on the network’s current level
of difficulty and computing power of the hardware in use. The average number of
hashes to be computed in order to solve a block is given by the difficulty multiplied
by the number of hashes per block (each block has 2*%/65,535 hashes). The difficulty
adjusts every 2016 blocks to account for changes in connected computing power in
order to maintain approximately 10 min between the addition of each block."

Solving a block is rewarded with new Bitcoins and the fees of all newly included
transactions. The reward per block in new Bitcoins started at 50 for the first blocks
and halves every 210,000 blocks. At the current number of blocks in November
2018 (552,100), the block reward equals 12.5 Bitcoins per block and as a result,
1,800 (= 12.5 x 24 h x 6/h) new Bitcoins are currently mined every day. As the
time to solve one block remains constant and the reward continues to halve, the
last of about 21 million Bitcoins will be mined in 121 years from now.

Nowadays, nearly all network participants are organized in public pools or self-orga-
nized private pools. Thereby, more than two-thirds of the current computing power
is grouped by Chinese pools, followed by the 11% of pools registered in the EU, as
depicted in the chartin Figurc 4. We consider “unknown pools” (with unknown origin
of the hash rate) as private, as it only makes sense to mine without joining a pool if

51

Cell

Joule 3, 1647-1661, July 17, 2019 1651



Joule

[JBTC.com
[J AntPool
[ viasTC
F2Pool
EstcTOP
B Poolin

8 proOL
- Huobi.pool
B8 siushPool } European pools (11%)
[ others

Unknown D Private pools (21%)

Chinese pools (68%)

Figure 4. Hash Rate Distribution among Mining Pools as of Nevember 2018
Data pulled from BTC.com (r::;

reported in T i: Sheet 4.2.

one has enough hash power to expect finding a block within a reasonable period of
time in order to prefer income variance over pool fees.

Power Consumption

Prior to estimating a realistic level of electricity consumption by Bitcoin, we narrow
down the solution range by calculating a lower and an upper limit. The lower limit
is defined by a scenario in which all miners use the most efficient hardware. The upper
limit is defined as the break-even point of mining revenues and electricity costs. Fig-
ure 5 charts the range including our best-guess estimate, which follows the approach
ofthe lower limit, butincludes the anticipated energy efficiency of the network, based
on hardware sales and auxiliary losses (see Exparimental Procedures for details).
Figure 5 shows that the upper limit of power consumption is more volatile as it fol-
lows the market price of Bitcoin. The lower limit is more stable, as it is defined by

hardware efficiency and hash rate. We estimate a power consumption of 345 MW
at the end of 2016, 1,637 MW at the end of 2017, and 5,232 MW in November
2018, based on auxiliary losses and ASIC-based mining system sales. By multiplying
the power consumption as of November 2018 with 8,760 h, we get an annual power
consumption of 45.8 TWh.

Mining Locations

Below, we develop three scenarios examining the regional footprint of Bitcoin,
which are based on the localization of pool server IP, device IP, and node IP ad-
dresses. First, the pool server IP method localizes IP address of pool servers where
participants connect to the pool. Second, the device IP method localizes ASIC-
based mining systems via an Internet of Things (loT)-search engine. Third, the
node IP method resorts to peer-to-peer nodes first seen relaying a block. Some
miners may use services like TOR or VPN to disguise their locations, for instance,
for legal reasons. However, as a good overall network connection increases the
probability of having a new block accepted in the network, it is generally advanta-
geous to propagate blocks through the fastest connection.

Based on pool regional statistics on BTC.com and Slushpool that localize IP ad-
dresses of pool servers, we find evidence that miners tend to allocate their

computing power to local pools. BTC.com and Slushpool are the largest mining
pools administrated in China and Europe, and in both pools, regional miners

1652 Joule 3, 1647-1661, July 17, 2019

52

o~

-

€

il



Joule

Electricity load [MW]
50,000 -

40,000 -

30,000

20,000

10,000

lw__'l‘w/"” A

Jul-16 Jan-17 Jul-17 Jan-18 Jul-18 Jan-19

0

— Lower limit = Upper limit @® Best-guess

Figure 5. Power Consumption Corridor
Values are charted at daily intervals. Data are reported in [sta 51: Sheets 3.2-3.3. Sensitivities are
§1: Sheet 2.

shown in Data

comprise the vast majority of participants. US-based miners tend to join the Euro-
pean pool. Combining these insights from pool server IP addresses with pool shares
and assuming that those pools are representative for other pools within the region,
we determine that there is 68% Asian, 17% European, and 15% North American
computing power in the network. This approximation includes the assumption
that the weighted distribution in terms of their regional origin within Chinese and Eu-
ropean pools is representative for the remaining 21% of computing power that
cannot be localized (see S1: Sheets 3.1, 4.2, and 4.5). The downside of this first
scenario is that it might overestimate the share of Chinese miners. The location of

some participants might be misreported as Chinese due to default settings of the
recommended mining software.

Based on device IPs, we find a stronger US concentration than the pool server IP
method. We identify the location of ASIC-based mining systems via the loT-search
engine Shodan. By searching for connected mining hardware, we can view the dis-
tribution on a national level. We are able to localize 2,260 devices of Bitmain, and
the query results show a significant concentration in the US (19%). Venezuela
(16%), Russia (11%), Korea (7%), Ukraine (5%), and China (4%) appear next on the
list, and Figure & charts all the locations of internet nodes with connected Antminers.
The methodology reveals locations that we could not detect with the pool server IP
methodology that resorts to a higher aggregation level within the Bitcoin network.

With the third method, we derive IP addresses from peer-to-peer nodes first seen
relaying a block. The full nodes and miners in the network communicate via a
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Map and data from loT-search engine Shodan (Fitps: /v shodan
Sheet 4.7

as reported in Data S':

peer-to-peer network. Information (such as new transactions or blocks) is sent to con-
nected peers via a gossip protocol in order to reach all nodes in a timely manner.
Therefore, we monitor the IP addresses relaying new blocks recorded by Blockey-
pher. *“ We record that 93% of all blocks are relayed on US soil. Hence, we conclude
from the data that Blockcypher has too few connections within the network as it re-
ceives blocks from better-connected relayers’ nodes and not only from miners’ no-
des. Obtaining valid IP addresses in future research would require a large set of
well-connected nodes throughout the network (the source code is available under
it L node IP addresses are localized

s://github n/

with ipinfo.io and reported in C
Carbon Foot t

We calculate Bitcoin's carbon footprint based on its total power consumption and
geographic footprint. To determine the amount of carbon emitted in each country, we
multiply the power consumption of Bitcoin mining by average and marginal emission fac-
tors of power generation. Our best guess is based on average emission factors, which
represent the carbon intensity of the power generation resource mix, while marginal
emission factors account for the carbon intensity of incremental load change.

We find that the annual global carbon emissions of Bitcoin range between 22.0 and
22.9 MtCO;, a ratio that sits between the levels produced by Jordan and Sri Lanka '~
and is comparable to the level of Kansas City."” 22.0 MtCO, is based on the footprint
of the device IP method, and 22.9 MtCO, assumes the footprint of the pool server IP
method (we apply emission factors from the IEA*"; the calculation can be found in

: Sheet 3.1.). Compared to the global annual energy demand of approxi-
mately 13,760 Mtoe (~160 PWh) or the global energy-related CO, emissions of
more than 30 GtCO2in 2016, this might seem small. Still, Bitcoin’s CO; equivalent
ranks between numbers 82 and 83 on the list of biggest emitting countries.

Many have argued that clean surplus energy fuels Bitcoin to a significant degree. In
the short run, which is relevant for our snapshot, curtailment rates of clean resources
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may be large in certain areas with Bitcoin mining activity. Especially in southwestern
China, hydropower accounts for around 80% of the generated electricity in the prov-
inces of Yunnan and Sichuan.*” Yunnan curtailed 31.2 TWh of hydropower in 2016,
which equaled 11.6% of the total electricity generation in the province.?* However,
mining activities can also be found in regions with coal-heavy power generation,
such as in the province of Inner Mongolia.”* Pool regional statistics of BTC.com sug-
gest a 58% versus 42% split between hydro-rich and coal-heavy regions in China.
The ratio represents the computing power reported from Shenzhen (server location
closer to hydro-rich regions) versus Beijing (server location closer to coal-heavy re-
gions).”® If we weight the emission factors of Sichuan (265 g/kWh) and Inner
Mongolia (947 g/kWh) accordingly,”® we obtain an adjusted emission factor of
550 g/kWh, which we use in our calculations to account for the special case of China.

If we assume fossil fuels cover the additional load entirely, we find that annual emis-
sions caused by Bitcoin mining could be as high as 51.0 MtCO; (in a footprint sce-
nario of device IP addresses and marginal emission factors of coal; all remaining
combinations of footprint scenarios and marginal emission factors of gas and coal
are depicted in Dzta S1: Sheet 1). On the contrary, assuming a higher share of clean
power consumption decreases CO, emissions.

Some have argued that miners do not operate continuously. We assume that miners
run their hardware continuously throughout the year. A comparison of break-even
electricity prices for ASIC-based mining systems shows that this assumption is valid
for most fixed-rate retail tariffs and especially for regions with high mining activity
(see Data S1: Sheet 3.5). The steadiness of the hash rate distribution in Figure 3 sup-
ports this assumption. This is also the reason for ignoring potential additional sour-
ces of revenue from price volatility in the wholesale market or from the provision of
load-balancing services, as these would not change the duration of mining
operations.

In the long run, we can envision Bitcoin miners to increasingly establish their
operations near large sources of renewable energy, which also triggers further
development of renewable generation resources at the respective sites.”” There-
fore, long-run emissions factors of the Bitcoin network might be lower than the cur-
rent grid average.

DISCUSSION

Social Cost and Benefit

Our approximation of Bitcoin’s carbon footprint underlines the need to tackle the
environmental externalities that result from cryptocurrencies® and highlights the
necessity of cost/benefit trade-offs for blockchain applications in general. We do
not question the efficiency gains that blockchain technology could, in certain cases,
provide. However, the current debate is focused on anticipated benefits, and more
attention needs to be given to costs. Policy-makers should not ignore the following
aspects:

Carbon

As global electricity prices do not reflect the future damage caused by today’s emis-
sions, economic theory calls for government intervention to correct this market fail-
ure in order to enhance social welfare. The issue of the social cost of carbon is of
course not specific to cryptocurrency and, as mentioned in the previous section,
cryptocurrencies cause a relatively small fraction of global emissions. Still, regulating
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this largely gambling-driven source of carbon emissions appears to be a simple
means to contribute to decarbonizing the economy.””

Concentration

The case of Bitcoin shows that the risk of concentration must not be ignored. Irre-
spective of the decentralized nature of Bitcoin’s blockchain, the four largest Chinese
pools now provide almost 50% of the total hash rate, and Bitmain operates three of
these four pools. If one player controls the majority of computing power, it could
start reversing new transactions, double-spend coins, and systematically destroy
trust in the cryptocurrency. In the case of Bitcoin pool operators, continuous fee in-
come has so far discouraged collusion, and pool operators are also unlikely to act
maliciously in the future since the miners would instantaneously reallocate their
hash rate. Nonetheless, the risk of concentrations must not be ignored in other
blockchain use cases.

Control

With their idea, Satoshi intended for Bitcoin to increase privacy and reduce depen-
dency on trusted third parties.” However, protecting individuals from themselves
and others from their actions might justify the downsides of central control, as the
potential benefit of anonymity spurs illegal conduct such as buying drugs, weapons,
or child pornography. Therefore, a use-case-specific degree of central governance is
essential. Today, most intermediate parties serve useful functions, and a decentral-
ized socio-economic construct such as blockchain should only replace them if it can
ensure the same functionality or if efficiency gains outweigh their value. Therefore,
cryptocurrency systems are unlikely to replace fully the existing financial systems.
Nonetheless, they may be superior for specific applications.”

Beyond Bitcoin

Bitcoin’s power consumption may only be the tip of the iceberg. Including estimates
for three other cryptocurrencies adds 30 TWh to our annual estimate for Bitcoin.”
If we assume correlation to market capitalization and consider only mineable cur-
rencies (unlike second layer tokens or coins with other consensus mechanisms),
the remaining 618 currencies could potentially add a power demand over
40 TWh." This more than doubles the power consumption we estimate for Bitcoin.

While other blockchain platforms (e.g., the second largest cryptocurrency, Ether-
eum) work on switching from Proof of Work to other, less energy-consuming
consensus mechanisms, such as Proof of Stake, it is likely that Bitcoin will continue
to use the established algorithm. Miners, who have a large influence on the develop-
ment of Bitcoin, are not interested in removing the algorithm, which is central to their
own business. Therefore, it is likely that Bitcoin will remain the largest energy con-
sumer among public blockchain systems and will continue to consume a consider-
able amount of energy.

Besides cryptocurrencies, there are other uses for blockchain. Bitcoin has managed
to establish a global, decentralized monetary system but fails as a general purpose
blockchain platform. For instance, smart contracts are seen to disrupt traditional
business models in finance, trade, and logistics. Like many earlier disruptive technol-
ogies, blockchain is merely the foundation and enabler of novel applications.™
Alternative protocols will help to reduce the power requirements of future block-
chain applications, and many blockchain-based systems will certainly be private,
permissioned blockchains, which do not need a Proof of Work like Bitcoin. Notwith-
standing, our findings for the first stage of blockchain diffusion underline the need
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for further research on externalities in order to support policy-makers in setting the
right rules for the adoption of these technologies.

Validity of Results

As of November 2018, Bitcoin’s annual power consumption sits between 35.0 and
72.7 TWh, as argued in the section “Power Consumption."” Estimating a more pre-
cise number requires assumptions on mining hardware and operations. Our results
show that the efficiency of the hardware in use is an essential parameter in this calcu-
lation. Our estimated hardware efficiency of 0.11 J/GH is based on IPO filings of ma-
jor hardware manufacturers, which we consider to be the most reliable reference
point at present. Nonetheless, the IPO filings that we used have a cutoff date, and
sales per model are not always explicitly stated. At the extremes, if we assume
that only the least- or most-efficient systems are sold in all cases where the numbers
are not explicitly stated, we obtain a power consumption of 37.0 and 56.2 TWh,
respectively. Regarding operations, we determine a PUE of 1.05, based on pool sta-
tistics and industry insights. If we vary this assumption and use ideal operations (PUE
of 1.0) or least-efficient mining operations that appear realistic (PUE of 1.1), the esti-
mated power consumption of 45.8 TWh differs by +5%. Varying the size distribution
of miners changes the resulting PUE within these two extremes: if we assume that all
public pools beside Slushpool consist of only S, M, or L miners, we obtain PUEs of
1.015, 1.083, and 1.049, respectively.

Our best-guess power consumption of 45.8 TWh may result in carbon emissions be-
tween 0 and 51.0 MtCO; (100% clean surplus electricity versus 100% coal-fired power
generation). The extreme cases illustrate that the assumed carbon intensity of power
consumption has a major effect on results. Estimating a more precise number requires
assumptions on locations of mining activities and regional carbon intensities of elec-
tricity. Our best guess is based on average emission factors to account for the carbon
intensity of incremental load change as well as for clean energy in the power generation
resource mix. Assuming a less balanced share between fossil-fueled and clean Bitcoin
mining, or a different power consumption in the first place, may change the results
accordingly. Here, we demonstrate three methods to develop scenarios representing
the geographic footprint of Bitcoin mining. Although these methods are associated
with high uncertainty, the results of the carbon footprint of Bitcoin vary within a relatively
narrow range from 22.0 to 22.9 MtCO,.

EXPERIMENTAL PROCEDURES
This section provides the formulas for calculating the range of power consumption
and the approach to derive a best-guess estimate.

Lower Limit

The lower limit is defined by a scenario in which all miners use the most efficient hard-
ware. We calculate the lower limit of the range by multiplying the required
computing power—indicated by the hash rate—by the energy efficiency of the
most efficient hardware:

Py = Hxegy, (Equation 1)
with

Py = power consumption (lower limit) (W]

H= hash rate [H/s]
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e.s = energy efficiency of most efficient hardware[J/H].

Upper Limit

The upper limit is defined by the break-even point of revenues and electricity cost.
Rational behavior would lead miners to disconnect their hardware from the network
as soon as their costs exceed their revenues from mining and validation:

(Ra+Rn)*M 1

Pu= P T

(Equation 2)
with
Py, = power consumption (upper limit) (W]
Rg = block reward [BTC]
Ry = transaction fees [BTC|
M= market price [USD/BTC]
pn = electricity price{USD/kWh]

t=time period [h].
Best Guess
The best-guess estimate follows the approach of the lower limit but includes the

anticipated energy efficiency of the network, as well as further losses from cooling
and IT components:

Py = HxenxPUEy, (Equation 3)
with

Pgg = power consumption (best guess) (W]
ey = realistic energy efficiency of hardware [J/H]

PUEy = losses from cooling and IT equipment [%].

The realistic energy efficiency of the network can be determined using the market
shares of mining hardware producers and the energy efficiency of the hardware in
operation:

en = [Z; SAP,*eAp;] + [1 - (Z‘ SAP;>] #ep, (Equation 4)

with

i = mining hardware producer (1,..., n)
en = realistic energy efficiency of hardware [J/H|
Sapi =share of ASIC producer i (%]
eapi = energy efficiency of ASIC producer i [J/H)|

ep = energy efficiency for zero profit [J/H].
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If some of the computing power cannot be assigned to one of the major mining hard-
ware producers, we assume this computing power originates from hardware, which
generates zero profit. By equalizing Py and Pgg, we derive:

(Ra+Rr)*M 1

P pnrHePUEN " T (Equation 5)

In terms of the average losses from cooling and equipment, we differentiate be-
tween three types of mining facilities according to size and weight them by their
share in terms of computing power:

PUEy = Sg *PUEg + Sy *PUEy + S| *PUE| , (Equation 6)
with

j=facility type (Small. Medium, Large)
S; = share of facility type j [%]

PUE; = losses from cooling and IT equipment of facility type j [%].

We derive the energy consumption by multiplying the power consumption by a
respective time period:

E=Pxt, (Equation 7)
with

E=energy consumption [Wh]

P=power consumption [W].

The resulting carbon footprint of the Bitcoin network depends on the carbon inten-
sity Iy of the power mix:

C=Exly, (Equation 8)
with

C=carbon emissions [g CO,)

In = carbon intensity of power production [g CO,/Wh].

In order to incorporate local differences in the carbon intensity of the power mix, we
differentiate among regions and weight them by computing power share:

IN=" D" Shegt*lreg1+ .. + Srag n*lreg e (Equation 9)
k=Reg 1

with

k=region (1,...,n)

Sy = share of region k [%].

In the scenario with pool IP addresses, we determine the share of each region based
on the geographical distribution of BTC.com (representing the Chinese pools) and
Slushpool (representing the European pools). For the hash rate of the remaining
network with unknown origin, we assume the distribution to be in line with the
weighted average of BTC.com and Slushpool:

5= SReg k. BTC.com* Rchinese Pools + Skeg k, Slushpoal* Ruropean Pools (Equation 10)

Rehinese Pocls + REuropesn Pools
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with
| = pool type (Chinese pool, European pool, Other pool)
Sk, 1=share of pool type | in region k [%]

Ri= ratio of pool type within the entire network [%).

Dzta and Software Availability

All data used in this analysis are included in Data 51 or publicly available online under

the noted sources.

SUPPLEMENTAL INFORMATION

Supplemental Information can be found online at hitp
2019.05.012.

&/j.joule.

ACKNOWLEDGMENTS

We thank Christian Catalini, Michael Davidson, Gunther Glenk, Isabel Hoekstein,
Alexander Rieger, Antonio Teran, and the anonymous reviewers for their valuable
comments.

AUTHOR CONTRIBUTIONS

C.S. conceived the study. All authors contributed to the design of the study and data
acquisition. L.K. and C.S. aggregated and analyzed the data. C.S. drafted the manu-
script. LK. and U.G. reviewed several drafts, made substantial revisions, and pro-
vided additions.

DECLARATION OF INTERESTS

The authors declare no competing interests.

Received: February 11, 2019
Revised: March 29, 2019
Accepted: May 11, 2019
Published: June 12, 2019

REFERENCES

~

. CoinMarketCap. (2018). Cryptocurrency . The Economist. {2018). Why are Venezuelans
market capitalization. htips://coinmarketcap. mining so much bitcoin?. i
com. com/!

e

ela

N

Nakamoto, S. (2008). Bitcoi
electronic cash system. i
biicoin.pdf.

peer-to-peer
o o 3

Paris agreement.
-3

©
cC
4
B

11. Digiconomist. (2018). Bitcoi
consumption index.

1660 Joule 3, 1647-1661, July 17, 2019

60

. Global Carbon Proj

Cell

t. (2017). Global carbon

atlas. b as.orgfan/

. Schlesinger, J., and Day, A. (2018). The new

miners: wave of crypto mining at
colleges, businesses raising hacking
cerns. t 3 k n/2013/




Joule

17. Huang, J. (2018). Nvidia Corporation (NVDA)
CEO Jensen Huang on Q2 2019 results -
eammgs call transcript. hitn
2 ll-transeript

WTETitle:

n-huang-cn-g2-

sarnings-call-transcript,

18. Harper, C. (2018). Mining like a Viking:
how the fjords of Novway offer a greener
dag (o'r/

- International Energy Agency. (2017). World
energy outlook 2017. hitps:/fnvnei g/

Zryptocurrency Benchin
{Cambyridge Centre for Al

25. BTC.com. (2018). Pool statistics.

bte.com/pool

Technol 51

31,

cthereurn-

32. Swanson, T. (2018). How much electricity is
consumed by Bitcoin, Bitcoin Cash, Ethereum,

61

ard related
Sustainability 9, 1

Digiconomist. (2018). Ethereum energy
consumption index. hps:
mption.

35. Bevand, M. (2018). Electricity consumption of
Bitcoin: 2 market based and technical analysis.
siicoin-electricity-

36. McCook, H. (2018). The cost & sustalnabllxty of
bltcom "".b i 95/

37. Bevand, M. (2017). Op Ed: Bitcoin miners
consume a reasonable amount of energy —
and it's all wor(h it hm.vs :l‘bn. 333zine,
com/artic ¢

onsurie

38. BTC.com. (2018). Pool dlsmbunon (calulate by
blocks) 5./ bt 5/

mode vml.neftw

39.

Joule 3, 1647-1661, July 17, 2019 1661



kaNws i | 5 RARMER - QRERREEHENSEAS  jenmm =

T lﬁﬁ,\ <bbﬁ¥%ﬁﬁ&5f-%t#ﬂ¥r‘éi-i$§ {2 A BAFMA TR
WA 4 %> (FHEHMI) 201947 A 8 B 1830 #At

*4 $§ http://technews.tw/ZO19/(Y7/08/cambridggbitooin-elechidty—consuxim_tion-ir:dex/

B 2019 € 07 B 08 B 18:3¢ | #3 pas

tt’—?—:ﬁ%&ﬁ?#%&ﬁﬁ%%ﬂimi%*y (EES I}\?%’f?é%ﬁ"ﬁ]tt%ﬁ% IR 4 F
#e s | 8 un OEE CE3

BELT > (EFBEBREANS > RIIBRABERS M2H) > CHRTERSEN  REETHEA - RTREERSHE  4ERER
ABAF - BTEARE > EFBRSSFEETNERLEE - EMERNLE > BERSEFEHRE - ALt > S EBAES cover BEMA
IR » SEBE—FHEFRER—EREN 5,400 =5t SRR MRISHHEE -

A

§MAT

j & " LIFEG

62



Country Ranking

0

Switzerland Bitcoin Czechia

i 58.93 S£24

A8 ZUHFNEHIERTZOBHARDAAES - AIBAREHERNTAE  BAMNHFBNEREEAEERRH - bz
TREBRFES -

BRMETEMEF AR  RIBERAEREROEE - hREABENREERNSBER G HLEEEOREES - IRABRI0HEE
iR TRERAREIEATISERIRMEREGE  WHNEREERD | LRUIZRITHERIOMREARESHHE » EEERE
HERENREER T—EFrERNER MARE—BSRAE -

Tea kettles

The amount of electricity consumed by the Bitcoin network in one year could power
all tea kettles used to boil water for ...

United Kingdom

T years

| L
= N

Europe (incl. UK)

1.5 years

I TREF S SEMESEN 589.3 HE (1Twh =10 BEE) » A2RTFMEE 0.21% > HERILAEM 7 E Dungeness &I/
FRARER 1 F30K > S9WEREAR 365 FMEFK -

T RE-FREENTE 584.6 8 < MREHFHEARENER - HERFAIHEIRIRE 43 4 -

63



Country ranking, annual electricity consumption

Chira

ETRERMHEMBERIE k0 « £ KISHERBAMAMEESRNEENEE > HBIATHILE%MEKEA 691028 R -

Hydro Biofuels & Waste Solar, Wind &
others
4166 TWh 1405 TWh
Could power the entwe Bitcon Could s vihe ¢
netwerk
69 times 10 times 23 times

IIF

$135[E] PowerCompare ‘A8) 2 BIMHRAT AR » MERIR - AL SER T 556.3 83 731.2 EE » ERIRIFBAIFIE 39 -

PowerCompare ¥ Alex de Vries f5ii - BELLHEXIEERS » BILFEARHEERETTE2NME - ORESFRENEHRS/
ARAR > MERTWEEHFR 5 THRE -

BRBHE (Joule) B—EAEETILHBARMBRANTE  BARITENETESEELEY 22 HEM_SLH » NEERERE—

Idle home devices

The amount of electricity tonsumed every year by always-on but inactive home
devices in the USA zlone could .

power the Bitcoin natwork for

4 years

64



BERBIBABIANG  PEFESEHAE— BILFEN 02 245 FIANZEE ALY 64.54 5 BRBHEASERZL-
A—FRBRFHRENES > HLABERAE 4 F -

(FXH EB5 BEEE ; SERR - Unsplash)

65



1

O Z . . .4 i -
- Hia )gﬁ-{:.<eb4$¥§zq§ﬁi:iﬁ'ki-ﬁ-#—%tifﬂ%’#’]ﬁ‘!ﬁ*>’(T5#
- —_@11;_: WHM)> 2020 £ 02 A 26 B12:30 » HR

R — k@@ﬂwwmwm@gymmhmyﬂﬂmbMMmmmmgamwmmﬁggggg

o i/

[e) Eﬁ_;[@-m
Fi
Ha
o hhAE/EHENE
o 7 S
o M
o i
%‘ J’mA it

2

R

FEITH
ThinkPad Bf %%
i 1 75 R

5GH# AT,
® BHVETRE IR I Ak

facebook line telegram youtube instagram

BIATZS | s aE
el | Bt
AR | ERTARERLHE
FRBE AR AR SR ] Ak A% AT
FETE L TR RS AT i =
ZEE Yk 4 A 1Y ThinkPad ? AN Ve ThinkPad >
.
301
P 2vc:ich
o Jifi
L]

WA TIRE T A ¢ AP RE FE SRR ) 2 IR

cnBeta A 202044 H 26 H 12:30 Wi ik

- Toshiba Memory
ﬁls now KIOXIA
' Toshiba Memory
is now KIOXIA

66

mmmwddmm@ymmmm%mmhmdﬂwﬂﬁmm

EXCERIA EXCERIA PLUS

B

EXCERIA EXCERIA PLUS



HTMAREUR > FURF R RS0 S FERE R R — PSR R BE T R 3 A B A « S50 «fg H AR R DR RE 5 0 R T 75 76 i
WEAAETTISRILN » A TR - A3 R R AR i -

BN AT% #itelegram ( hetps://t.me/TechbangNEWS )

RS A It B SR BT T TR SRS S 3 vl - EOBIRITAORTSE > L0 B 4E A8 S A BRI BIRBL780 5 6504EVISALS JH 75 5 i 1£52043
8 /N YouTube 805 5% Fr B i 2 B 7] ©
TEOBIRITEE © T SRR FRHRE » (R S e S FURERY © ) a7 TOOEASH AR | SRTERS o TRIEE I -

A

BURRG > P AERT > LA E A G BUR R M EREE T > (201 84E LLAS PR B I > LU (R 6 20 LA AR 208 95 0 1) 85
PEA4EK > BRI400096C » EFERHL AR » E BT DASA R HATT -

AR o R LR R THER B4 o A TR M I B A > 3 R A T LA — (TF AT AT 0 28 5 24 3640 810K » T
ARERAFAE— e ORI > RIS T AR -

— ELRTRA S 43 UG 0T NS o TROHE T LABT AL REIK > AR SEORAR IR o RO SR O Uk o T T L B e
Ry IR SRR - YA T -

FIUTHT > ST Rl T HEAHE B A SRR A Ty A (IS > S R — I TS 01T3E o (0 (3200 SBERAEREMEN - W R AR TRtk > e
BOERG - e L MR TS > LUNHR SR SR e MO A A WER A ) o IETEIRREE ERIEE Y (R -

67



HOHRR > RERKRAAAOE G WS TER SRS > SRTA ANZ TR > Horposo i Bk B A G e/ S E M2 T > it - (R
HRECK > Ak LR A5 o

TEERENTER © RMER L RAES N RANEL - 10 FOMAT — BN SRR » IREAEMDHR T — (R -

T4 KRR HUARFIS I I R A — 4R » AR — AU EMTERRE N - )

fbist © T 3 R O8% 14 At (i T 1 T 3 iy A WD BEAT A ST AS T R A S I e o DRI > HLARTIERR PUR S SRR M AT 284 > FEalbfi > 2

AL SRAEE R I R S TR T T B 8 o AR LARUIERY @

WORAR > AR LU 28 5 KA EO57.39 T FUIF » S A R 14495 5 SE M o JE SO K i F ik

BRI > KRR A A T RS TE 103 > Horp RN SR AR o D 2% R D ACTETE R © S STHUR - Hedr ReZaidpap g e

10.TVT-MAMY BB > SR B4R FE A B T hi R Rt ] -

IR CTES R RGN 715 B2 AT LR A2 B AN TGRS TS AR » IEFESRIUAE B4R 0 28 5 W T O WAL B -

Mattereum /A ) IEFEA A — IR > FEERSEI « AL SN BUBRHC ISR A S RSN G > MU ASA FERE « A8 s » SRR

68



SETRRIY > T L) 3 A i 20 A R S R AR A o

Mattereum /A HIABARPRZCHE - S BEMARE R © [ RUATHTERBTSOE » BUS—RIm SRS LG » i s ity S BE AN RE B R KARIS T < )
MEAFET > PINTEA RIS M 2 2B DB B (EE g - |
T2 W WG R 0 R R S e ORI T8 0 28 B T 7 A W U 4 R A A 6 - )

SR > B Sr S A RITER R R MR R BOL - TR R AT A R IR AT T

BROFEALS S FE T B 2o fE A - WERR ¢ [ B A LRSS PI2al0 SR pAETE & R R A > 35 (A AR i R R R IR B
)1} R

T3 I 2 T SR G G T B TR R S SR > BN B R AT 0 SE R — T REZ AR ©

NN AT% Fitelegram ( https://t.me/TechbangNEWS )

o AKSCIHMI A cnBeta

Facebook LLINE

H
L B

PS5 > XboxTy 7[5 EH 4  [I% AChiA A

(¥ TR B Y i

% W] TBUR R e FL 5% 2 95 2%

i

o 9

BT | KEFHE HLS50 Meta R A58 28 « 1850 Wircless 11 AR HiFi 542 28

1

% T i

Bk 2R - 5

AEFBTT LA

1 FERISE

69



wEER 109 £E & EF 123 HRA®R
I

FFOMRZAFRENTERLAES BHPEIARERITF4A 22 8FRE 245
I83AME » BB > WA LRAMER > TREFTRAFRABIBANGETHA FH - X

bR LA EBPATZRIE > B ERAZ LRABRRS B RS 0 8 BiEEHG
A AR - BRANES 1SR TEK 1 FREFARHZERR  FHKE
FEELREFEABAARRELXFRTAIMR  BRIEREAREFFABANEZ
FEEITAEMBCAHIEEATR ) ST FEHRREERANL EHPTH > BEKH
REFE 3t HTh REVE AARGERIFRRREBE AL EMERZ
HREIABAE - M EFAMBEE | FAEHA LRAXNBROERZFRL » ARIEAE
FR(AARES 212 ) 2F AR TARTIHRAF X > S ERATHEUBREHIE
BNITLLFRY ) A FROEEFERNEG PRNGEBREATLATRN B8
4 M ILER N S P IR R BT 2 18963 3k A4 A A 23921 SEMAT FHH 4RI

1A S Ly B AR T 0 A AR 100 R EWRF S 18] o Ek BRI EHRF
Flr R ERAERBFERAETTSE (REFA—% 209309 355 A ) LM d b 25|
Bih RABEH N R F Rl RERREAHARERLBN T > WA LMBFE - EFRASR
G HICE N ST BRI o B b B3R A Aadk B A 2 R 2 8 KRR T R AR SRR
ZREMIF AR E S A A AERLZFRRB R ZERF BT SRMA - OREEFE
ZBERFABRT BT FEFIHUAT > NEAEERAGAE  EEFFANZHES
PiE o BASHEREN 2 AR~ AEEE  ARRRZNEBRNEMAEFRERZHMS -
BEAZREFHIBERA - ABANBHARCEAINR  wARR > BREEREXK
(BR&HERITSHEEEFE 2D RHAARETS): ALKE > SFFARNEERFHE
ER)Y K.Y

A

70



Pt =

Wik 52 FREE EFF 1240 HAR

Hd:

RAERZF 0 JERER P ZARF 2R E A B H 0 RIFRA o AR BP SRR
ZEEERGS BIEEENAIFEAAE > BEIBRERA AL L2 0 HF
RZHEFE B RTZKE > SR I AR Z R H TS o BRI R
BR o BRAERERRRZ KRGS > BPHRE SHARBIAZEAE LA S - AF LA
ARFER  FHEHKBOOHEOOKOOO/ M+ mEZ —FHh 0 A4S PR E
=& (BFXFE) HAMM PR+ —FZ AR EEESERZHEH 0 B A
LIRAZ @A 0 A ERAMS G i d B SRS > Bl EE 0 EBEIBATRS
A > Bdkdk > M AMRLFIGR L LY > ARAMAZNR  ERHEERAR
MBMRAAMAERGEEOESHEMFRYFELRA LB R LmBZ A% (&
63E) FHAE - EEZNERE AN LB ARE B PRERLAS
BA %% RERKELFARLHFAGREY  AAXTHETE Y (RLEFARE
Zaded o TERMAMBSRAMER ) ERARAY FHB R LR A XM
BB A 4 A By Akl 0 mAE R B R XA EIRA AL 0 EIRH S A LI A
BAZH R IR FRBANPHBe A2 BAMEFEEM > LFRAR
FAVE o AEFE LR RZARAE > BpIE AR AR E IR A Z AR R AR N 2R 0 R ER
Bl BIERA XARIAZEEENE > BE O MLABRZAE  BAH RS 24
M EFRAZ EFRE » AERGERS > MM LW RERAHAEY -

71



n

R

RBkbe 101 &6 EFF 1745 A

Fd:

RERFREFAXIRAFRREFEBHAN > RAEFEEE (EFR) - YHai -
FEREIA RBMRFE  oME&k "N+ AFwA+=Z8 Y BCRAKRNE , MmTxE
R -BAFBRARTHOEBEMAZE > MAZRBREFZ BT * Lo BRARE
H2F  EFRM AMFLRANIABBRR LI BERTOEREN » R ERRM
% BAMAFRREZIARERBELZEHENS > B ERANE R A ERARZEEL
Fl# - XBEBEBABEIBR GBI RE > ERBH - WA Z ARG > s
EARREI BEFRBEZ > NS —BLT—HREFAX - FFEChEFRIE
Z XA EBZIAT 0 BN KRFRRCE SRR GRRZ TR MG EF RS
Z o BRHREE —BEEZKE AR BEHAE - BB EHABEZIRRGE

ZHRE BEREAE - BAZY FFZ A ABFFCI RS BULFECLAZER
RE UK EMBE  PRAZRE EREBK A ELHRANIRAEFZA > AATAES

AZBRREEGA > Rz T FAY LG Yol - Y8R A > MY EAZOAATAE
t—A=—twBkt  EFFRHBAEFERBE - BEHRBBERNTEEFTA=FxB
A HLBAE G R AT A X LR AL S IR BARE B R P 2w R S A M E AT
AFWA+=81k YRR MESFA RS — S8 RATESERNZ N RE AL+t
FoBRE > REFMA > TEARRE - (I LFAXNI DA F R RESCZEN B EF

g g BEBEEFIRBEFERRBELMRABRH G  HALEF S
ZRFOHEAEFGLRBELAFRAGH G PREEMEE  IMREHF AT AR
ERBBH O AUBRREHGARBEY S YO RLRAYREATF  REEABR
A BEEH - MG B §EIRRPGREBMIFLFALNZEF L= AMBP RS
ZE> MY BARBIELFRAXNZEF R A SRUNEFCLEBEA T FRLE
TREBERAMBZEE  ZRBERGAREEY I ZIYREAC R AT 2%
BHEREA BREX WY BREALREFCLABELAFREAG NMBLEBEHAMAZ
BE RAFRREZABLEH MM ERALMZIRFREDRLIRANG A FRE 6
FREX O AAED o MM M ERARMZIFE EHRARNG  HRERAFRREA

72



WEN - AFEG 0 BTENF HREFALAMFRAAE G FRFRE)PERATFTRIELE
B RAWREBHAEXE AN BENELREER - LR HREALE
BB BAEATE > R HAARE  RFBE kA ED -

-A%‘i
L3

73



AT BRA - BRAE 2 ~ BRUEE - 32 B0 A A8 Wk P2 8 R 4

8 > =R » R 456-457

456 @ 2 W FERTRH IR TR D 2 BRI S i

xRS BRI

R - FoER A P R AL -
BT RS o N e gl s e - L R IR e wmw&' r SRR
RS R - HERERIE R R R 5 A% T A
H 7R R koS - ks o BRI - S

DAEr s IR B B S A RIS RMR S B BRI - FEY
WOk - R PR BR T o HERRIR S 53 4 O R
‘gmuunﬂbﬂkﬁk- iE g et Sy IEER Y )

R = R
$E) > AR WSy -

(3) Frk=x

#l% 9

ﬁ”wﬁ~m

R 85 SEEEA LFEE 1509 BRMIMR 1 T LAk AL 3 R & FRHO LR
FHBE AL ARAF EAA -+ — B ZHRRFREF & o B LA §

O %3

HENAHEERR AR & B K
HE A X ETH - ROBBEU )
FFELATERA > FHROENT B LA NN ERREA
HzW%LmA@g
ANDEAMAT —ERA -+ HEBZ

PR F 0 A

FEREAEERE - X E

RFRBEEeEE > EiEMHFIAS

s HPIARE
wWig o (EEEEm

)

RAEITHR

d'? Y [‘.;?JU\Q:ﬂ f'%%‘.
- Bk EERA ( EERAARIZEEH ) R

<] m‘hf\l

74



RT Bl

R

BEHA

= 18 /% £ K @
. P BEMREAS
7 [ TR 1 &

¥ Bp 88

75



- Nk A

MAE | AN - RIS - K 425-427 B
0 BORUCHAE | TIRIIRNZE  WEREHR L LE
QiR - ) MAAIERLEL - (AR AREREE 2
R AR IR M SIS L R 2

2 Lk

FAREZNE  REMNEERY) - BEEFIRES - FES : %
FrmERHEEBITHRRTREEMR - S AMREERSH 2R
T8 ERLFTEERMEEMERE L A1 BELSTESRK
REZERCRRIL > ABTHCER Bz RRESHRES
BRAEECMRMERLE - ERESRAEREE IS Es
RESERLEE TR - MFERERTE DB AR B
{@’%E%%’ﬁz’m%ﬁﬁﬁﬁﬁ%Z%E%Kk’%ﬁﬁ%z

AP IL IR RAE > B ARILER M 2 20004 B TERT - BRREH -
i BREERZHTE - MEF R EWEEHYE S TRER - R
HEFEEE -
ARE LR MR RRBRRRE TS (BUEH A5
BREFY - RES O WD 2R ERER T 5)
BRI R « MR BRI TS B 2% - BdE R
BE - SRURIILULEF TR - AR 25 « ez
AREEARE » WRHRARREEH » HREETLRAR - Kbt
I8 (BMRCERGRS SRR A > UL 2R
Bt KRR IS8 A Z A TR R TR R
FRREZ IR WEAEEEE - BELHIOA « RS
REEER  STURE) - BTN BB AN IR 2 B2 %
8 ARARERTR S BERRAH  TRERRGH 25 - fii
PRI FERK - HRBTEETRERMER « HRBEERA

MEG) 0 130 -

BAT 112 2835k + B B RHAERF63 ~ 4~ 83k o
FIFTEBH939 ~ 9+ 853k RR B ERAVPFBFST ~ 2~ 2535k o
O 134K 5 B ABIG ERAMBRST 9 85 -

76



Jgf%lLH.L§'

1 HA

TREE  RERY

TR (R AT 4 4
2 J iL ’ ;L.!‘f

3 e,

15[!"/7\

5 (JV\H‘.IIJ
N
it

A8 11100

44\

At A
QR 2
& BB

BETE !@'J f ) \UJ J_J m
w745 ”ff{ AT~ 5 4>
[ - (KB i8S mmx'
b 2@, [
B A ;
DAHA 65
R RH 'HUHIM

4 R A SR AR A

t o ML g

1/\14/_,

BRI T
F25 1 {:Lk_ﬂLnN I'J/‘\ {"/ff A K

1182 3 BB HATIBFST < 9 2835k
ARRHG) » 1347 -
io7 BRG a

£ B A R $IE Pid\'fé" ETA E
WA Kok FL BB 056 ~ ~ 163 i S R
i 2 ’I‘ B }'” T3 AR RBDRT ; TRt AT Bl %
MAHR - HIMERRE  RLBEE vy 5 U RART » 105 #1713

iubfl e
"JJ Lf‘F {LIJL W s 538
RBATZ R » ke -

FARU » 822F ; SEMRIFE) 209 ; ERRIFG) » 1428 48 -

£

109

77




¥—% EHNRT @

= » T U ARG EITE - 1 LB -

1

B R RIS - FELIPIRELELL -
e (HRHE RS ARG T E
f/ SR - AELRH SR R B
fﬂ[f'i; DGRAERS 2 SR ER + (B E RS
'ﬂ@r%@?l ey QA RRERM - BRE
sl (G ECSIELHT DLERAE) EIREE
‘”ﬁWWF’iM’fLXMPW%’Aﬂ

3
X A2
B 5i\ 7][§ {HEJE;!; 2
Attfz_lpﬁ” 1% 2 1\H@E)\ \n!"/kﬁi /Jli"}félk*fi ((I}\ux

m M BB EERE
6 o ZHESE BV LA ﬁr/)kWif'PfT 3 ﬁvﬁ s (BF B HE
M¢f®&H4mk«h@m i s (R R
\E S 2 R R - A ek IVl [
S R H A TR R R (BN E R
m.’f‘ o854 IR PTG BB mf{& -Gk
a3 R e R BEAIFT R 1 i fo 2 2 AT

(1Y

u %M{% s
;: g o HAE

S&Zﬂﬂm‘ ) Bk

; SR » FREEPITIREL |57 SR A S
R DT W e BEE A |yt FE IEHE ﬂt

nﬁﬁi‘ ? Hl rnﬁf“% o “?‘iézn G LM&’HM 5 A E 4 S B
b - DRt 1 SRR U 0 8 AR s AT S SETTIRE » NHAR

@R AR

#%e) » 1427 & m{*m) L209F ; PH A RUER 1247 »
2R % WA ERRFO 146/

I A Ay R ﬂtﬂr % — R ﬂt
REEGTET RS (F) 121A) TTRS 3
s AT R B2 RS B B R BATZ
FHE (AiRzes) 224 RERARDH | s it s A
R EEIPS § R 45 Msmzw LR A RS Z AR BET
ZRR 0 HhE &8 AAEA TIRTW

Mir%mwrf/ SRR f”ﬁflixzf’}’h’i?'#ﬂiu“‘[”a‘ B o o 48 MR WA
i?c ~kii’:.%f%*"fﬁ'— 0 0 ROFIFREZ A 0 3I8AXT s g o RF

Bk RFBUE AR (LR & EEREFE
B RS Z AR o BEEMZS i€ s

K REZ 3R A F R 2R
o kR BRI ARE

N

78

s



A

Rkl 99 FESEFHE 2074 RHAR

¥ &

&2

P& TOOORNLEREE (THA$F5E )  »REZ+XF+=AXBH
WHRAKE (Nt+EF ZA+TEBRT BRALKEFARKEEE) FiF -3
A HENBHEFTOOBOOK W ME W=~ twmiif i (F H42F 1) > Mmtw
ZHIR LB AR KTRERREILLE » BMEANATXNFTAXNBRERAS ;=
SZ RN EHERERAKT (THtw =t tsb b ) > RAKFHENLY ALFwA=
FEZARIFR LA MY A ABNETEF ZAANB AT+ _A+=B A
RNEXNFZAFTZ8 R SHtwZ kAN LR LA FRE 0 £ARRE
¥ —EHZRMRIPHASHRE AR (THSE—E) > 2 LM AR 23374
¥R+ ANFRATABRFMMES - MIRKENRFATwARLAF LR ERR
T H AR IEAT AP A E & R ARATET » 3R ARG M AIITAR Y 0 R W EHER
t+XFAATABE —ER DAMIKIVH K 0 CEREFSFE ARARAMER - £t
Wit LR BIROK T X BUBIRIA AR 0 AT ZF A TA BT AR
T O(THtwmbit Ebb EH) > RARBTARKREENEFT=ZFX A=—+=8 BERER
IRLMEAER =z — GREBEEAT % HEARS> 22— wBLEAFHEK > L3
AFRHT W SR BAT SRR A RS ) o RISRAKREAZ L ERZR b LA > BR E) ik
ZHhZz— o BPRAKREREEEAN sz — R B - XFRAKENE+EF A=+
HEBHAFHBBALRA LHERANKREE > REENALTEFZABLART 255
B @ ERAIGHRE ~ TREBEK  REXRAFLEAGESMERZ F2ib BREEA
RiEFWE —+ A2 —RE  BNZE FERYMRN > B2R Lz A ARAREH
fho EEFAR MAFERGANKRAKERAELMEAMRTMGAERAZAF b =5 5
HEFAPER » EFARERERS - ARAETR - FMAF LN ZHHETKE
WATZ M E R B GBS ¥R HBARASEWEFE —BERMG - ST SRR
2 #l 2UAFHEERRAF AN =ZF+ AR+ FOARGLLELS
TR BRrE)  KKARRGAMRLS > AAAEMEN (TR) 2+a%L +X
FRARGEZFH SasXAE  BREAF LA EREE s AN BAES

]

]

79



I o XAE EFRANRAKBTRTH > AABALAELWE « twwibif L2 B IR, RF5F

BEtpz—twaz— B +—FAA—BESHHBA=ZSZ— A0 — FLi
B REETH HAANTAFTA+TEBRERGZEATCH —BE ATEF=AwWA
o RAFEtWEI s tumEEF R £ —ZAFHF AR BRFEENERMEE

SZE o BRHERA XBRANS A ELZMBMASFIRREELMNZALA=ZE T ALY
AFELBFEL LHRAAREEZBAA  HEFABFFREFRAL RO LT N2
e HBLEFANRY REE MAEFZALARBARFLFERBAS &N
z—2 BREAFTNFAAZ B B EMFEARE > E B ERAI R&F - RBELE
btz aeBEt—ENTF_B AT K ERAEFREFLEOHH O FAEANTE=S
t=Z=AEA ARE & B HEFRAFREFRAER - RBEAALTXF+A —8
ME—ABE-_FWA=Z+BEERAF LI RAN Yy REFEASRMEAE 2 B3
s APAATAFSAA-—TEB ETAMNRMKER IS BEROHZT > HHER
AFRT - RARRERBLEFAAIMHFR  TARETHEM R AE P M ERA
FRAFRZLE  ARAEN - BmBEER —FM AR ERABRZ AR 8H L3FAR
RS AHEFRA B ABATEtE T EAREA L

80



M4

mEklk 95 FEEEFH 1936 AR

Hd:

M AN RERLTFELFEZRBEREFSF (THEZARFH) FE2P
RIAFREFBRZNES  PREMA (BH) RERAMNEH (TR) —FT=ZE%1; o3
RATAFELFFE——NOREGEMFEMH (THEGERMS) » BAFEFHL
e BB BB LB LB N T AT E T o WA ERAR RN AR ESRAIIT L KA
WERHPZHAERPPITRERE P LREHEES  FERERAT_FELE
FH_ARF R FIEF > AR BTH o B EIFARA R B A CRE &R
H o XA EEACH A o PO R A R AR TR R B A Ao AR R R R
BATHE A EAPUTZ R S F R LR A B BAIP » 8 L 3F AR TR TR 4P IR B 4R AL K
En o FAARAF KRB ROMAZHZLE - FRRFHRRESE Gtk i
T REGHREFANPFHRFEGEEHB R ERARLT AP EEETETZHA -
BRERGZTARRG > ETHFF —F /A LRARFZHH > BRE L L3 &I ERE
IR R TR A 2k MR T AR Ao WA R o R RAREAT 0 B R
A BRZ A o AMER ESFAAEA AT R4t 0 AR AR ES E EH g s B Rk
Z A5 o BSRAR ek AR > EHRPATRARS o LBRAHZFARLRFZEHERR
BUATAHHRZLEHBR > HEAHRFFNEE 8w+ NG ERAAHEREHF2Z 02
1R B o JEF MR RAF A A oI B RN RAE RS/ 2 - UL
ABRAF A T30 48 BOH] B AR AR 0 S P AR SR R RIIAT 0 S R L RARAT A
BN TR ERAK AR MAFRAHE RO ZFZ LR - > LFARNBATR
HZEAMG  FRBEFARPHNEFEGEEHRAH L FETHRAFLtEETE T
AL RBREED > REEFER > ARG AR c ERAANTAF A RLBHEERL
AT Z RFFHREF =Bk 0 8 TR RATH R BIATHE R R 23 0 kS A B
IRBATZ A » FAgAe ) 2K BEA THRBROFZH A RAFRZLEH
Bk fFitfex | c FHIEES  GREGXAERTIREIMARBITZEL BT
B R 2T k2B BIRAFRSFZFUAZHE > 488K BELEG T
RIEIE - Bos EHEE  +=—F A tBHEEAH - REFAA—BRITIRFEFEE =

81



‘ot F IR B BHEERTHN R 2R 0 TR R FABIITZIRE - MAIRTE
M T EBATZHEAERARRAT ) RFRABROHZH ) 2O+ FELEFE tOERH

o BRFFREF B+ ABIBECAEHE  BABEA > ARREMZAR (£
RARATEFNA—BRFEGHAR) - Bk AFRIMAHEMAE > N EMEEESE
(%) 3% wERAFRKILEW > CIAARLEKROMAIN - BEALHASERLHF
AZHR GBMAKN  LEAHARZBEATH  RENE "RAFRKZILE | 2R
AR RERROMAZH > MBAEFARFZFR > ZREREWT - X —FRRRRERDX
FOBXNTE4ERREE —BawHAKE EIAR  HNEFAZILRAETAMRE
UHARBE 2 BAEFARALRIFR  AEFLBAKE G BHAZ - ZEFAN
EAERLEFRZFR  LFEAFANTZEA > ABFTMAE > mAL ERANF ERET G
HFARE > BRERETAFRELHAARBE L2 (RArw+ =& EFH R -XNKH

5] 588 ) o

82



M
EmiklE 98 £4 L7 1840 kA%
2y

#RY > BURKEABZHAFAZEN RFFRZEF —AwtwhkF AL =KEA
AX o SR TBLHAFRZER ) HHERAAZER  FRFRERE A LTI A
2R wEFARBIRZFR SRR RS FIRZ EX 0 AR RPITZARE
BFH - SRERROMHZH  REBRFLBRXZIMAL  AEAHZEA (BHAREAR
BE) BERAEZFIREX  HLBAK—K - RMAE  BABRHBLT - R RAA R
ARRETRE  FHARBATENAR » SEHAZ  WAHFEHRELTHRM G WA
EEALER CEXEFARGURERTAZLEANKA LZEFA  EFRLETAR
HBRBAERZEFA RRAFRREFOBE G _AZRE > LFAMN BANER

A RUEERANASUA LR B L ERTARRLELF 20 HETALSARABIZE
Rk LR KRUPIEL 5 Bk R4 » AT FAZERA N ~ $UTH 2 B A -

R AAAME R TARETFRETF AR LETFACEAETFACRTETFA %
REF, o ERIAEX > ENA TR BB RIEIPATZARIE - S ERARLE

RARE— ~ —FRAFROYRRES BTG~ F—BETGRE B2k H
B 0 AR LR ARBHE EIRAREERASHAHX A FHRALRL  BRMFRRT
O&%A(%ik)$5%ﬁiz§i%iﬁiﬁ’ﬁW@%*L%A%%&A%%M%

Ho RERR > LFZEH > AR LREFALHFOREAS LT L LB —

I WA FEH AT © RERKEIDE STERMAM > £f2F LOHBSE - BNRIGAEXEH
Jo EIRASAAHEFRALFRAALL CERADZOE) » TATHR LA HRHR
FIARE > KRPBE FERAHEED - B LERE AMLFRALFED - RRFFREED
BETEGEE R FmE AT =R Al E -

83



£#9  RFGDE (.

4

T oSk R THEFRTEYRTLHT

E TRk

mlmj.\ w%damwww.w WFFT PR ETEYRTS
¥ Moy TUIE4 CE Y

< [ YE TOSS £ T4 TE er;
o AR « 61~81
€4 600T« B LL %« ERHFHEY  MYTRHWZHI TR ER

ST EE Y - L VA TS
EV wac& IS + b7 AT

TR

b bt

MEchiE

m%i N&Zax m* & ; Em 2R

HitE

BE . XE
AR AT,
r.n@mﬁ S e e B 304
o « b MHN&@

o/n__mwuﬂwmgmummwmmumm K

FRE P EHE

fR A HEEED
Y A Z AL RN« RON | TG « HEELE
HEEp M S -

£}

u&&Eﬂ,iwnaa ‘ Hzo. cm

Iep - WegZdn s D

eHE 7 PR BB « SRR 2
; Y B G SEEE R — G
AR T3S chE BRI « MREREEY
,Es SRR it L « KRR
,gw.vrﬂk B RRS  RRlE EREL Rt et
ICHEH ¢ m&é@%%&cu\. cheh R BUERMER © 35

5 &m\_ﬁﬁmv o AERILYEE RN « R
mrwxa& ?ﬁwfxm < SLLERREE ?%NEE;&W%KEN [4: 45
ami %%QEN%%EHEN b S R TT
ﬁ@m: NPT ISRRGE - SRS ES

AP« BRI

Rl « TR
[ gwk#kn,g.ux A TR
ﬂr‘mﬂﬁnd&u# 5 I MRTAIIRE - L Zae S
WHAEAT (A7 BN « Hr s Rl Wé T SR
(25 « SIS 0007 W » [o@ANGK) « W ZRHE ERIATRNE R0
Wicaatlih: B2 %xwtﬁﬁ«%:.ﬁ_ Zaealdl e
FARERY - AL - AR « HWE

WU
B SE R g Lmaﬁmﬁ«éa A7 EERNERNE AT
B [DMREANYER « HEZ R o LENEHBIRT T
AP, c B S i T - QAR WIS RIS < B
e s e IR 2 E e s
« MDY S5 &Y%immwﬁlwmw:\ ﬁﬂ%mﬁmwmﬁww

: r&«wx £ rnwa 3& ﬁ “ i

¥

v,a

4 |« B R S i%%gwmmm
mwu/.\umuﬁb‘,_/@tﬂm@, SEZTI Y R

o TEMEMIESIRNE ) | HE

i) « SEZARTY o THES N R L R Z TR

wT Ry oo

84



TRE MG OB LTE | O R AN AR > R A M E ML
MA+  Fan o AR ERFLESEERAE ARRBERIE 65
B 4657
FIENAERBERER 65 02019 9 5 » ¥ 46-57 8 -

rE SR EFRIGE
xR

P B SUAL KSR 4 v

HE

ARRBEAERAT RO BT AYRRABE BEH R EMNE 40K
HERERGHRBFRAY R 0% REAXEHLSE  PRBVAKES
BlESF e o 288 2014 FREA SO EBRES  CHAITH  EAKLIENERA
W o THORELFRNEEEERRANAR GG E ot MLk BEFH
AR LA A ARBET S AL ART RS TR Al #E¥
BBP LIRS BN EBNNETRUTLAHARNORGES B EEBE =
BERERTHBE ARG E - 2 EHMBEAENIITH BRI S EEM
Ma# R » BAERBRRIRG » EWMN iyl X AME - B bk b3 515 A B 5 8-3%
MEk AR MRS E AL 0 RIAR A o

43 -

NEA RS HLBNE S FHELNT)  BEARFE

BXR

A KR g e B

A A R AE G A E o T I B A SN B 093K B )
RGO ENTHEAN S

B BUTER A

15~ il [A R RBAMIEF 658 > 2019494 » %467 ]

F-QAARGLEHNS
HELEX—MBAMS FRIELHLE AR TH TLARRED My -
2018 N B SEAS AT L AR F 2 A KA RN NGO ENGFE Kk

* RGP ELMEYRMTS  BOeE T ABABPR  BA  hip//qrangletw/su3 -

85



TRRAEL ¥ ERELE | RS ERARBHA  dERTRENRS

FRARALERGTE (CSR) 9FMAE - K> DB GL¥E TEEGNE
wa BRI Y REAGHEREBAL  FHZLEWBRLELF > AR HREA
BIRBEAAGHA AR TALI AT REROMA LN R AR LR
ARG T > AT HEFF LA BR Y E R348 o
— QAR LEBEARE

NIRRT EENEEMBN LA ERS  RAAFLERATHRETF B THuL
FOBAENS FEEEZLENBEN > ToAg T HENRE  WBARARAR
LayEES > FARTRIFEFEAMAEL - AN BENRTTUR G I ARG OEH
AR R > Bt RAWEBR GBI AN RELE L AEA— WL
G DA RGO EA AN AN T HAFRERB R —FRALRE
RHEE FETHER AHTBRARANREY  THRIBEIBRTAZTRZEAZD
#go
= A F AR E Ry

BATRAa A GO N EENSH » KEMEXA - RE - REHLBHA - AL
M BB ERARLEAFTEFLAEM REFRIFREOMY BEWRABES -
HANNBGEELFBMEELBS AL IR ET AL S MUMAEY ¥E
iSSP 2 E
Z ALK A

Bk BEMBEZGEBRETIHFRMB FEOFTK o thiodte R A%
MARE BRRETHMHFIAEILAEY - B TEAT  NAMBEGOENER > Tk
BHAERENM [ALRBAREFE S H 2019897 B4TH] &> MAHEAZ
BIERTROBE  MBLERERLH—BHOBEEX - ROARAMY » H—F1548
Hotbo B E ALFES H— AR ERKX OB MEHENELRBELE -
BRREGEHELES - MEAEMNHGEHEE > RERENEEAE 3B LEH
FAE o FEA R 10 40 S ARSI F AT BE -
o MEHEFRIECSRANGHUFLEZIRA

T3 4 ¥ A & T4 (CSR) - (KB — A 84 5€ & » CSR 3245 0 ¥ 4 A6 A1 0 $0a%
RA G G TR > ABEMEMAGZ TR AFDE G REEE - 3 CSR foEwik

L FAEM XSG SHPaNakal 2018 510 A > T 360 A %8R HASHACES—— N A HIE
IR ARPIRE - A XS EE > 93 0 0 2007 54 A -+ 150-180 F -

HAH R RGOV EF —— R E D EMAIMRIEE B FRE 63802017 £ 12 4 -
ARLE X B33 (F): 68BN T —A-+HF——do TR F B @M S o D 4 2 4% (2019 5
2 A 21 B ) hups://www.seinsights.asia/article/3291/3268/6081 -

4 GEEHFIHAMNEEE TS EAE G TESR ESG  hups:/cge.twse.com.tw/front/responsibility (5 #%E% A :

w o

86



FRa ¢ ¥ e B | Sl HRASBAR  GERTMNEN %

FePRARHe  ROBMAENEIEFER AL BRBIRAE - o REOH
FTABARE | 9iA 0 AR A RN 6 AE S » B » NALEEN  LALEEL
¥HETE Fheit—F KL% o L CSR 8 RN 363 a)—3 » CSR R4 » A 9
BIEERY 0 B E AT A B a)3FE454E 0 140 ESG (environment social governance )
¥ KB EAE

BEREZNL  BELENE (CSR) R FEd - £AK 0 WTARGOETE
BRNHBELENRARE ARG EARAS T AN BN R ARG £
NFRTHTAEKLEEN - FT2 > HELETE (CSR) RFBEMY » £AERED
Ak EEFPHREG HIBENG T kO EA D AKEEYE ) Km o ks
BRARBEGLEOMERE > EANN VRGO EF A AMBOAZTERAAT
AR RAE G BRI SR > mIEREAA £ -

I~ B¥ A% FE (impact investing)

RAOAMRESEREARBTOBROARBHELENI LY CAAYENR TR
A BEAERDTHHCEFEY L CAMB IS T ARABENITFAIR - £ K
GIN B2 AW s 3 s P NP E454% > S aBn oy [A B REEBEE 654 »
2019497 B8 B A FERHAOR KRB RIEEHELEL -
AHTREME | B TRGHHM,

WREBCRORA » A& XA EMBHENIITR 2014 5> £ A Sofit s TaDTE
A FEEBRITEE TN T XL RILE AR EEEASEHG » HHig
PWERNFE OMZTERERREA N WEEONEGAER T REHMD NG  BmAs
FREQ R AEFARGFRB - T AR LOELALLHEL  RBBEER
%R EB -

R4 0 42014 3] 2016 FHAR] > RIZ ST H4efk TER TS ET 4 18
ARy FME  RTHEARALEEREARS HBET4 - £5 008 F Y F ik
J7 o

BT 2018 4 1 A » EREEHS "AGAMN, FE > EHEANKGEE > RALN

201948298 )

5 Global Impact Investing Network (GIIN) 2 % Blay s $Alask » AN THENRTORBIoNE > $F
Wkl aeHes g E M HF B AR 0 BRI RS RTTLBRAKBEPARENE -GIN BT F A
REEFNE — WA CPEARTAE - = BRI HME - = - % Impact Base * LR EPEARF
TAGRKBHE - W~ EaHFHEHILTARE  Impact Reporting- and Investment Standards (IRIS) » 47 41 4%
ZAR -~ RIS c B - RIHLE A& (Investors Council ) » 5% I 2 KB & B8 A 1T H 0948
W @ #% https://thegiin.org/impact-investing/ (& #5158 12019484298 )-

6 Faw AREAMERBET | RELFEAGLEL > BIAFBHRT 2017 £ 12 § 22 8 -
https://opinion.cw.com.tw/blog/profile/52/article/6451 (%% A 2019 8 A 29 8)

T AR M ——HEGOENI0ER 2017TFTA -

87



TR GLEHTHRLE | CRFHERAKENA  SFRTNEN %

Sk PHIT N MRBEABBEEE RO X EHHRARE - B ERFH MK
M & RFFEHARAEINT S B4 LHERESEEHURAERLEAE
)g °

D EBBATHGHEY SRR RO LR G AR -
tATHRE TRERHMATH AR (2018F8A98)

DR BB AR ASERBE (SDGs) Ax b AHERERAMYBEY BT RA
AWM CRSHRARE SN ERAER TR ORI ARL T Rtd8e g
R 55 A D@k~ T Office Hour ; $2 TBf 4 &3k | 15 A bk Kag 5ot » 3R
FRARPISR ERPIGHAI MR B 9L ¢ X TR @AM, HEKALYN  BE [AERE
EMWFOSH 2019598 0 £ 49 A) B3P - AR EARIIAET  SERL LA
SR o Bl RO 0 U CLEA AW kAR S HIAE A AL A PR 3 e ] T o

AR S g E s S S

TGO RAMMBMEEL S BARAACAIN - MR G ERIHRE LY
B 0 B AP GO KT RERERN G A RRTFGRE » £BRMIBE L
MBI ROF S, LAFOKBRERTRERARTLE S MAL R AL ERE &
WEF RERBEFEMAEQMEYL  PITHAEGLES -

MR ERAMEAFAHBERLEOTE T EEARRERAGE Sl At ¢
SFB BEMENTAARRERS - LA LB BEAN - FREAHHEL U
B RRME - AL GAIH - Wi &AM A SRR b AR A R KX a1 H A 2
LA EYR D4 0 BRSO PRI AL SR IRE SR
A ik R RGP A K

f~ EBRAEGSEAAMN L

BAT4tHA GO E I, 220 ARAER > — WA BATIHY E - ok A
B ERBFCAHRNAHTH - HELRR BERRFALT  HIRMAEKXE R
Ml 3] g JA] ~ BERDIRE > (2T ZMBGE > T HEATAT A%NE o M
AT IR I ER AT SR E AR B A GEE TR L BT £ % -

F I — B G IRR ZAaE 5 =20 PT (FEEUT 3R PT ) R A SR R 45 0k o e b
FHXT o B 0 Blhon &) Béke)— R IR R 56 AR RE S SR A
o) P oo SbAE KR W & B B HUR A B AR R R o

XEBABONIHR L > ERANBRE MR BRI F BT ¥

8 AN EARBC HEEFTUEE R D LA RAEEAR A 6320175128 -
9 ¥ RATAIR S 4 0 A4 £ M P o hitps:/sme.moeasmea.gov.tw/startup/modules/se/ (ki E E B 1 2019 £ 8
A298)-

88



TR GO ETFREIE ) SR EERARMAR - dH BT RENKL

#A G mERRRBE LG LS AREOETH c MARBELRAMELN A > REY
AREFRHGEE AMmBmEHRpLAG MBS [ A ERBEHREE 6512019
$9RFS0R) ERN AR ZHREARA L AlRAOTHE I BAREAHEG A
SATHRE AN R FOFHANERLPEE  ETH BREATU A | MARE
KA EHBREA > tlotERAZ B2 5 VAR AGEEH B FE » Ry BUF
RS c BHIERSE > AREARABABKAELHGE » RAHP RIS
E

A2 ARG ETANBARNBHRIBH
=~ RAFEHANRBEELEHRA

BATES EH A ARG EGRAE > N BARARUMELEHE B e B £
ABERBAE SEFRFLA VRGO E > RILRRFRSE - ZBTMER
RAERRBAB NN RAGTLOEN TR  REFEBAFRALEEE  HALEAREY
B XAB NS R DB auk g -

42 2018 5757 » A A EF VARGBRE T ARKAAEA S 0 B A B MIRIBA
R~ B R AR e | MIEERHBEANE 2EMIT T e ¥R Y
FALBRBERERG  ARATHENEN S 275 REBRABEHE- | AM o #
2 BPTERAR R AR ¥ A T/ (CSR) 9R8 > MIEFR AU GO EM @B L
SRR kI R T ko [ A B RBEHREES 65 0 201949 > # 51 B

NE RGO EAE R E s B A G 106 F 12 A 4 BEFFH 10602341570
PRk FOT RN AR AR A AEH A BMZATEA Nl Nl hd KRB
(BER) At » EBAFHEANTH > mARG PHARG LM B AESEKRE
(BER) BBEFNNENZEE  RENARARRZ AR BAZ > Wl ERGT  KF
ERFAAHEHE MR B EMEREET URRHN QLR BRRTE » W80
AR BFAFEREALZ - K> DAUREH LB MR RFXBETTAHZ S 8
REEFHER RN AN RAHERREHNE - RBRAPZDERBRNE - R

10 GToR# - REA BB N RERS——EMBOHGOERBR2EH 2018494 -

L 2EEHE V4R 2 08T d TR H =00 « 480 3 kAt Lk FoE AN R THERA R S 8 -
F—REZERENDTAEARFES - MAN 1T L2 N3] BABAFZHER  RELNRLAIEEE
¥ 850 R2NG FoAR HREEVEHMNTARE  CRARFATL MM EEHam - Lt
ARS¥E TREFEPFLFL AR HBEL FRAMEERE B R  RE—RRR - o Ermit ik
ZHEBFTE - HFHBOBHRBERAEES S LFF AR QARG —HT BRERFEHITAS » X
SHRAFE HRLENAE ARG RIE - NARFREZNEONE DA BEFTES  BAFAERF » HR—42
RRAGERE ANELIHETE  HHLLEH AMERRAE 280 HRAOEHAZHR - URIBARY
36 4R AR R Z AR AT A FAREAT W TR F 1045 R 4 E S B OHEAMETL)ER
P2 TR BERE | BRRBATRETENY - SRR S AMBTRNCHEFENMERR G HIELSF
o ERARR MM ZERAF @A FHROLARBZTEH - EREHQAIR G T ECAHBBRARA
Ho FFEIT ARG RESA B AEZES

89



FRAGAM LR EHEMLIT ) CHFHRASRAR R REN

BERHFBANNEREHNEMAERAETA - BRXRE | RBRAAQ AR F
MRS BRIENFRTEAVRBRREREILARRABBIARES » RfTiE
FTEEEBRUEHABHBAHI AN ABAEEE  RERRANVESE | BRATZEE -
U WA GEETABLE RGBT RER > TRETH LEBED > BEHFRERR
RRPRBAAPRETEEARRABRACFEMSR  MREMAIGEEE > NE
A— AR -

= BRRABRACER AL EH & T

B RA B R AR EBREA AT H R

(—) Dodge v. Ford Motor Co (1919) : 3£ ¥ > A& R R ¥ N5 R B ih Bl
BRGFEE B AL MREER > BEARILRA LB KRB ROF B MRIE
4% (A business corporation is organized and carried on primarily for the profit of the
stockholders) » 2~ 3] BIA R AE R (FAAA) A BRALLERBRZ" -

(=) Adolf Berle $1 E Merrick Dodd 3% % : Berle ¥ 3k {2 48 2 157 4 2 Beh 2 3] 58
HEHT QALEHGERALMAME R HRIER A > Bt K EEEINS
BEERENARRAR ALY (fiduciary duty) 24 F#H] > K= > Dodd R] X 4
KBNS AR MT  REUERERAFL TAIRRZAE > MEBRA-GHED -

(=) Benefits Corporation 4z 1 1970 1% » e T AF BT F OB EN K
ZHAT > BRABRACHBREMERTAAEZNMN > HOEAGT TR LU
AXGHERAOAEM T AR NIRRANBZAEH RG> A BA L g o

R EHTHERDTE
— Rl AR EBAG  HERK G RRABRNEEI R ENBRERE
4
MR RIGBCTE A AAHRAARE - ROABMER RGP - RAK
33t (Human Center Design ) ##f » 3x3t4Fa) 2 ads ~ #aom A B AR Si s
AR R AR URFEREHOERS RRYRLSIEBRETHFLES -
A b B eyl E KR T BB s AN E) R MU R sk A R
GiEa o RIALH B AS T IR - AR mIEREA AR Bt b

12 Dodge v. Ford Motor Co., 170 N ~ W. 668 (Mich. 1919) at 671, 684.

13 See A A Berle Jr., Corporate Powers As Powers in Trust, 44 HAR. L. REV. 1049 (1931); A A Berle Jr., For Whom
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