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Editorial

The IB extended essay is a culminating piece of research conducted by 

our IB Diploma students in their final year of school. It is an opportunity 

for our IB graduating students to demonstrate the pinnacle of their 

learning through a rigorous assignment that demands the highest 

academic standards of research, critical analysis, and communication. 

These are important skills in this time of a challenging global pandemic.

Students follow an intellectual journey from developing a research 

question of their choice; conducting in-depth investigations, often 

including practical experimentation; interpreting and presenting results; 

to producing a final balanced academic analysis and conclusion of their 

work. They become real experts in the specific field of research that they 

conduct.

Students are ably assisted in this process by their supervisors. We would 

like to thank the staff who have assisted the students on this journey.

This publication brings together most impressive examples of extended 

essay that reflect the passion and commitment of our students to their 

chosen topics of interest. This year the diverse topics include: the 

economics of Francoism; the struggles of a transgender community; 

energy density of biodiesel fuel; attitudes to Puritanism in literature; 

volume analysis of buildings using calculus; and analysis of a digital 

business practice. 

We hope you will find them creative, innovative and even provocative!

Christopher T. J. Charleson
Director General SEK International Schools
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El Franquismo económico: 
Primer plan de 
desarrollo (1964-1967)
¿En qué medida fue exitosa la política económica y social 
instigada por el Primer Plan de Desarrollo del Franquismo 
(1964-1967)? 
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Introducción
Las consecuencias de la Guerra Civil Españo-
la fueron nefastas, dejando un gran número de 
pérdidas humanas, así como pérdidas materia-
les (agricultura, ganadería) y una gran catástrofe 
económica que dejó un país totalmente arruina-
do, sin esperanza alguna. Tras esta guerra (1936-
1939), comenzó un nuevo Régimen, el Franquis-
mo, que se prolongó hasta 1975 y se caracteriza 
por los cambios en la economía, sociedad y po-
lítica.

En los primeros años del Franquismo, desde 1939 
hasta 1959, España se iba balanceando entre un 
estancamiento político y una autarquía que im-
pedía la mejora en el ámbito económico. Por ello, 
“en mitad de la década de los cincuenta se abre 
un ciclo de reformas y obras públicas”

1
, en el que 

España consigue reincorporarse a la comunidad 
internacional y volver a alcanzar los niveles eco-
nómicos que se habían perdido en 1930. Además, 
en 1957, con la creación de un programa liberal 
y de Estabilidad, España se posiciona como la 
décima potencial industrial del mundo

2
.

Posteriormente, en 1959, ante la catastrófica situa-
ción en la que se encontraba España como con-
secuencia del aumento en los precios de las mer-
cancías, el déficit comercial, los bienes y servicios 
y el agotamiento de las reservas de las que dispo-
nía el Banco de España

3
, la política se vio obliga-

da a cambiar totalmente de rumbo para acabar 
con el periodo de descalabro económico, ya que 
España iba a entrar en bancarrota. Fue entonces 
cuando comenzó el periodo conocido como Desa-
rrollismo, que duró hasta 1975. Durante este pe-

1
  Beltrán Villalva (1994) Política y administración bajo el franquismo: La reforma administrativa. Los planes de desarrollo; 

Pág.1. 

2
  Beltrán Villalva (1994) Política y administración bajo el franquismo: La reforma administrativa. Los planes de desarrollo; 

Pág. 1.

3
  Fernández Bulete, 406.

4
  Villanueva, 2020.

riodo la economía y la sociedad dieron un giro de 
180°. España fue progresando y dejando atrás los 
problemas económicos que le precedían. Francis-
co Franco propuso tres planes de desarrollo, que 
tenían como finalidad establecer medidas econó-
micas para poder alcanzar la estabilidad. Fue en 
1964 cuando las cortes aprobaron el Primer Plan 
de Desarrollo, dirigido por la Comisaría del Plan 
de Desarrollo, un organismo gubernamental, di-
rigido por Laureano López Rodó.

4

El objetivo de la investigación es averiguar a 
través de la indagación e investigación ¿En qué 
medida fue exitosa la política económica y social 
instigada por el Primer Plan de Desarrollo del 
franquismo (1964-1967)? Para ello, será necesa-
rio indagar e investigar sobre la promoción y el 
desarrollo económico y social que se llevó a cabo 
en el Primer Plan de Desarrollo del Franquismo. 
A continuación, se describirán y analizarán los 
diferentes métodos impulsados por este Plan de 
Desarrollo para concretar más a fondo sobre los 
objetivos que tuvo. Por último, se evaluará si los 
objetivos llegaron a ser alcanzados a través de 
las medidas que llevó a cabo el gobierno. Con-
cretamente, evaluamos si el Primer Plan de De-
sarrollo llegó a promocionar la situación social 
y consiguió eliminar los desequilibrios económi-
cos regionales. Por otro lado, este tema es para 
mí muy atractivo porque mis familiares vivieron 
durante este periodo y me cuentan cómo fue su 
infancia y lo diferente que era el país por aquel 
entonces, tanto para lo positivo como para lo ne-
gativo. Sin embargo, ellos recuerdan la creación 
de los Planes de Desarrollo como una nueva es-
peranza económica y social para el país. 

 

Mejores monografías de Bachillerato Internacional 
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Varias fuentes primarias como discursos dados 
por Francisco Franco o por Laureano López 
Rodó (director de la Comisaría del Plan de Desa-
rrollo) y documentaciones oficiales del gobierno 
sobre el Primer Plan de Desarrollo, se utilizaron 
para indagar sobre los objetivos económicos que 
se querían llevar a cabo. En cuanto al uso de 
gráficas y tablas de datos han permitido facili-
tar el análisis del cumplimiento de los objetivos. 
Además, se han utilizado fuentes secundarias, 
como libros académicos, artículos, periódicos 
o tesis doctorales. Hay que tener en cuenta que 
cada dato mostrado durante esta investigación se 
evaluó teniendo en cuenta su origen, propósito y 
contenido, para ver su validez y fiabilidad.

Los objetivos del primer plan de 
Desarrollo
El objetivo de la Comisaria del Plan de Desarro-
llo era “Conseguir la elevación del nivel de vida 
de todos los españoles”

5
, como aseguró Laurea-

no López Rodó en varios discursos
6
. 

Sin embargo, “el propósito fundamental del Pri-
mer Plan es conseguir, al ritmo más rápido posi-
ble y en condiciones de estabilidad económica, la 
elevación del nivel de vida, el desenvolvimiento 
de la cultura y el logro de un mayor bienestar 
para todos los españoles, al servicio de la digni-
dad y libertad de la persona”

7
. Por lo tanto, se fijó 

como objetivo primordial dar un cambio a la es-
tructura social y económica del país.

5  Tobarra, 2000.

6  Laureano López Rodó, 1963.

7
  Agencia Estatal Boletín Oficial del Estado, 1963.

8
  La estrategia de desarrollo planificada en España. 1964-1975, 1987.

9
  Agencia Estatal Boletín Oficial del Estado, 1963.

10
  Valverde, 2020.

Estos objetivos no se centraban únicamente a 
corto plazo, sino que pretendían estar presen-
tes en futuras generaciones y no volver caer 
en la inestabilidad política que hubo en el siglo 
XIX 

(8) (9)
. Este propósito venía de la necesidad 

de volver a recuperar una economía y sociedad 
dignas, pues antes de los Planes de Desarrollo, 
España estaba pasando por momentos difíciles, 
como muestran las palabras de Marta Valverde, 
una de las personas que vivió esta dura época: 
“regresión económica marcada por el hundi-
miento de la producción agrícola y el desarrollo 
industrial. Fueron los llamados años del hambre, 
del mercado negro y del estraperlo que, además, 
se vieron agravados posteriormente por la co-
yuntura internacional.”

10

Ahora bien, para que el Primer Plan de Desa-
rrollo se lograse, era necesario centrarse en tres 
aspectos fundamentales: el desarrollo de la eco-
nomía interior, la expansión de la economía ex-
terior y la mejora de la sociedad. Estos objetivos 
se llevarían a cabo mediante diferentes medidas 
tomadas por el gobierno. 

Medidas impulsadas por el estado para 
conseguir los objetivos
En primer lugar, el estado afirmó que iba a im-
pulsar medidas para que la economía interior se 
desarrollase con éxito. Dichas medidas fueron: 
1) La expansión por medio del mercado compe-
titivo, pues de esta manera se obtendrían mayo-
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res niveles de bienes y servicios.
11

 2) fomentar 
la industrialización mediante la libertad “de 
elección de los consumidores en un mercado 
competitivo de acceso a los diversos puestos de 
trabajo y de decisión de las propias actividades 
empresariales”

12
 3) Pleno empleo, de manera 

que los trabajadores pudieran tener acceso a una 
formación profesional más amplia y acorde con 
la labor que hacían, también el gobierno quería 
crear cuadros dirigentes en todos los niveles la-
borales. 4) Evitar los desequilibrios regionales.

Además, para llevar a cabo una mejora en el ám-
bito social, también había principales objetivos, 
como: 1) La integración social y a la vez la dis-
minución entre las diferentes clases sociales. 2) 
Movilidad social, de manera que todo el mundo 
tuviese las mismas oportunidades con respecto a 
crecer socialmente y profesionalmente en igual-
dad de condiciones.

¿Se logró desarrollar la economía 
interior?
Todas las medidas mencionadas anteriormente 
que tomaría el estado con el fin de desarrollar la 
economía eran con el fin de: 1) Evolucionar par-
tiendo de ser un país agrario hacia la estructura 
de un país industrial. 2) Innovación y diversifi-
cación de la agricultura. 3) Promover el sector 
terciario, de manera que se llegara a convertir en 
uno de los motores principales de los que depen-
dería la economía. 

Antes de 1960 España era un país cuya econo-
mía dependía de la agricultura. Sin embargo, 

11
  I Plan de Desarrollo Económico y Social 1,964-1,967 op, cit, pág., 41 y 61 

12
  Ibid. pág 41

13
  Fernández Bulete, 2016, op.cit., pág. 408

14
  Fernández Bulete, 2016, op.cit., pág. 408

15
  Fernández Bulete, 2016, op.cit., pág. 408

cuando las propuestas del Primer Plan de De-
sarrollo se fueron propagando, la producción 
industrial se multiplicó por 4, haciendo que la 
industria empezase conquistando terreno. Ade-
más, las grandes empresas de esta época co-
menzaron a crecer considerablemente, este es 
el caso de: Renfe, Telefónica, Campsa, Cepsa, 
etc.

13
 Asimismo, la banca fue la que hizo posi-

ble la propuesta industrial, permitiendo que se 
beneficiasen las empresas eléctricas, mineras y 
automovilísticas.

14

Desde el punto de vista de las personas con 
ideologías franquistas. Es decir, para el ejército, 
la falange, la iglesia, las clases medias, etc., la 
industrialización fue un paso esencial para re-
tomar la economía de los años 30. Sin embargo, 
para la población con ideologías de izquierdas, 
el avance de la industrialización hizo que las di-
ferencias sociales aumentaran, pues las regio-
nes industrializadas como País Vasco, Madrid 
y Cataluña incrementaron sus rentas, mientras 
que en las provincias cuya economía estaba li-
gada a la agricultura la renta disminuyó, este 
fue el caso de Castilla y León, Andalucía, etc.

15
 

Por lo tanto, aunque se promovió la industria, 
los desequilibrios regionales que venían de 
años atrás se mantuvieron, debido a que la ren-
ta seguía siendo más alta en algunas provincias 
que en otras. 

Además, la agricultura también sufrió cambios 
importantes. Como consecuencia de las obras 
hidráulicas, principalmente la creación de pan-
tanos, las extensiones de regadío aumentaron. 
Asimismo, la capacidad de los embalses españo-
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les durante este periodo se incrementó conside-
rablemente: “entre 1940 y 1970 se duplicó la ca-
pacidad de los embalses españoles (pasó de 3,6 
millones a 36,9 millones de m

3
)”

16
.

También, la potenciación en el uso de abonos y 
fertilizantes provocó un crecimiento de la pro-
ducción y, a la misma vez, aumentó la formación 
bruta de capital, haciendo que la economía de 
España se abriera a la inversión extranjera, dan-
do lugar a un periodo de crecimiento económico, 
pues el Producto Interior Bruto (PIB) pasaría de 
estar en -5.0%, como consecuencia de la Guerra 
Civil Española, a ir creciendo durante el periodo 
de desarrollo hasta alcanzar una media de cre-
cimiento anual de aproximadamente 7.2 %

17
. Se 

muestra en la tabla siguiente:

Gráfico 1: Crecimiento económico en España desde 1868 hasta 
2013 (18)

 
(19)

16
  Martín Lobo, 2020

17
  Angus Madisson Project

18
  Fernández, 2020

19
  Angus Madisson Project

20
  Alsina Oliva, 2020

En esta gráfica se muestra como durante 1938 el 
PIB era negativo y alrededor de 1943 el PIB pasa 
a ser nulo. Asimismo, se aprecia que cuando se 
inició el Franquismo en 1939 el PIB va amentan-
do de manera positiva, siendo durante el Primer 
Plan de Desarrollo (1964-1967) cuando alcanza el 
máximo nivel de la historia, 7.2%. Después, con el 
paso de los años, vamos encontrando periodos de 
crecimiento y decrecimiento, sin ningún patrón.

El crecimiento del PIB fue bueno para España, 
principalmente para la economía exterior como 
veremos próximamente. Pero el gobierno espa-
ñol no estaba preparado para el gran crecimien-
to de la producción que se llevó a cabo, ni para 
el crecimiento de las exportaciones al extranjero. 
Las exportaciones llegaron a aumentar más del 
50%, provocando que el déficit comercial y de 
servicios aumentará por encima de la previsión 
dada por el gobierno. Éste, al ver el incremento 
del déficit, decidió dejar la estabilidad externa 
del país de lado para centrarse en el avance eco-
nómico a nivel interno. De esta manera, a finales 
de 1965 “la balanza básica presentaba un saldo 
positivo, aumentando el superávit”

20
, pero la es-

tabilidad externa nunca se llegó a desarrollar du-
rante este periodo.

Con respecto al sector terciario, se llevaron a 
cabo varios proyectos para el desarrollo de las 
zonas urbanísticas. Primero se mejoraron las re-
des de transporte, lo que provocó un importante 
crecimiento económico que benefició al sector 
terciario. Más aún, se potenció la tercerización 
económica, es decir, la población empezó a tra-
bajar en el sector terciario. 
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Gráfico 2: “Evolución de la población ocupada en el sector 
terciario 1900-2007”, 2020.

Con referencia al gráfico anterior, a comienzos 
del siglo XX el porcentaje de la población que se 
dedicaba al sector terciario era bastante bajo de-
bido al poco nivel de vida, unido al factor de que 
la economía dependía del sector primario, la agri-
cultura. Sin embargo, a partir de 1920 hubo un 
pequeño incremento, pero con la guerra civil y la 
época de posguerra volvió a decrecer. En 1960 el 
sector terciario se incrementó, pues la población 
se desplazaba hacia zonas urbanas como conse-
cuencia del desarrollo industrial. A partir de aquí, 
este sector fue aumentando hasta día de hoy. 

En resumen, se consiguió el aumento de la pro-
ducción y del PIB. En los primeros años el déficit 
de la balanza comercial y servicio incrementó 
mucho más de lo que se esperaba, lo que tuvo 
consecuencias negativas porque el gobierno 
español no estaba preparado para dicho creci-
miento. Con respecto a los tres objetivos que se 
querían cumplir, mencionados anteriormente, 
el primer objetivo se cumplió con éxito ya que 
España logró ser un país industrial, aunque esto 
llevó a un nuevo problema, el desequilibrio en-
tre provincias. En cuanto al segundo objetivo 
también fue exitoso ya que se hicieron varias 

21
  Fernández Bulete, 2016, op. Cit., pág. 409

22
  Agencia Estatal Boletín oficial del estado, 1966

obras hidráulicas y se recurrió al uso de abonos 
y fertilizantes. Sin embargo, esto tuvo un incon-
veniente debido a que la producción aumentó y 
esa fue la causa de que el déficit también aumen-
tara. Acerca del último objetivo relacionado con 
el sector terciario, este sector sí que ganó más 
terreno, como se aprecia en la gráfica anterior.

¿Se logró llevar a cabo las transforma-
ciones sociales?
Las medidas que tomaría el estado, mencionadas 
anteriormente, eran con la intención de: 1) Lle-
var a cabo cambios demográficos, que incluyen 
un aumento de la población, así como el movi-
miento de los habitantes desde las zonas rurales 
hasta las zonas urbanas (movimientos migrato-
rios). 2) Efectuar cambios sociales relacionados 
con la situación laboral, la política social y la 
modernización de la sociedad española. 3) Aca-
bar con el analfabetismo que afectaba a una gran 
cantidad de la población y llevar a cabo varias 
reformas educativas, para que todo el mundo tu-
viese acceso a la enseñanza.

En primer lugar, el gobierno consiguió llevar 
a cabo importantes cambios demográficos. Por 
una parte, se consiguió el aumento de la po-
blación, ya que “La baja tasa de natalidad de la 
posguerra se incrementó hasta un 20% mientras 
que la tasa de mortalidad disminuyó hasta cifras 
inferiores al 10%”

21
. Esto fue posible gracias a la 

política natalista aprobada por el gobierno, las 
pensiones que se establecieron para proporcio-
nar ayuda económica a la población y la crea-
ción de la seguridad social en 1966, cuyo objetivo 
era garantizar “a las personas que por razón de 
su actividad están comprometidas en su campo 
de aplicación y a los familiares (…), protección 
adecuada en las contingencias y situaciones que 
en esta Ley se definen (…)”

22
. 
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TABLA 1: CRECIMIENTO DE LA POBLACIÓN ESPAÑOLA 
DESDE 1900 HASTA 2001

23

Gráfico 3: Tasa de crecimiento anual acumulativo en España 

desde 1910 hasta 2000 (24) (25)

Como se muestra en la gráfica y en la tabla ante-
rior, durante las primeras décadas del siglo XX, 
el crecimiento anual acumulativo fue creciendo 
poco a poco, pero en el primer periodo del fran-
quismo (1939-1959) se produjo una disminución 

23
  INE

24
  INE

25
  Fernández Bulete, Pág. 409

26
  Ibid.

27
  Casanova, 2014

de 6 personas por cada 1000. Sin embargo, desde 
1960 hasta 1980 se produce el crecimiento anual 
acumulativo más importante de este siglo, pues 
aumentó hasta alcanzar el número de 10 perso-
nas por cada 1000 habitantes.

Además, se produjo un boom demográfico que 
hizo que la esperanza de vida aumentara hasta 
alcanzar una media de 70 años para los hombres 
y de 74 años para las mujeres. 

Gracias a la mejora de la situación económica 
(mencionada en el punto anterior) el campesi-
nado pudo huir de la miseria y se trasladó a las 
grandes ciudades industriales de España como: 
Madrid, Cataluña, Sevilla, Zaragoza, Vigo… La 
gente emigró hacia estas ciudades porque fue en 
ellas donde se crearon los polos de desarrollo

26
. 

Además, hubo un “flujo migratorio al extranje-
ro, principalmente a Francia, Suecia, Bélgica y 
Alemania, que llevó… a tres millones de espa-
ñoles a residir en estos países por motivos de 
trabajo, proporcionando una importante fuente 
de ingresos”

27
. También una gran cantidad de 

españoles se trasladaron por motivos de trabajo 
a Latinoamérica, ya que su adaptación se vio fa-
cilitada al tener el idioma en común. 

Si analizamos en profundidad este cambio, se 
puede decir que no fue completamente positivo 
en el ámbito social, ya que no se consiguió el ob-
jetivo al completo. Las zonas rurales se quedaron 
despobladas y el boom de gente desplazándose 
hacia zonas urbanas provocó que “las grandes 
urbanizaciones como Madrid, Barcelona o Bil-
bao crecieron sin la infraestructura idónea, lo 
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que hizo que proliferasen los barrios marginales 
y el chabolismo en las periferias”.

28
 La oposición 

vio estos factores como un aumento de las dife-
rencias de las clases sociales provocado por las 
acciones del gobierno.

La situación laboral sufrió cambios significati-
vos, ya que se establecieron salarios mínimos y 
se regularon las relaciones laborales, así como 
las horas de trabajo. De esta manera se fueron 
reduciendo las diferencias que existían entre las 
distintas clases sociales. Conforme fueron pasan-
do los años 60 hubo un aumento de la renta, que 
hizo que se alargasen las vacaciones y el turismo 
interior incrementara, lo que provocó el bien-
estar y satisfacción entre los ciudadanos. Este 
cambió siguió en los siguientes años. Como nos 
cuenta Tonni Massanés Sanchéz, la década de 
los “70 fue una década marcada por una profun-
da transformación social y económica, en la que 
siguieron llegando emigrantes de otros países”

29
. 

El papel de la mujer seguía estando en segundo 
lugar, aunque empezó a ser más activo conforme 

28
  Fernández Bulete, Pág 410

29
  Savall, 2017

30
  Fernández Bulete, 2016, op. Cit., pág. 412

31
  Fernández Bulete, 2016, op. Cit., pág. 412

32
  De Gabriel, 2020

las mujeres iban accediendo a la universidad y 
ocupando puestos de trabajo.

Con respecto al analfabetismo, el estado creó 
una campaña para luchar contra este problema, 
pues impedía el avance de la sociedad, ya que 
afectaba aproximadamente a 4 millones de per-
sonas. La campaña amplió la edad de la escolari-
dad hasta 14 años y aumentó el número de becas 
que ofertaba.

Las ideas principales del plan para acabar con el 
analfabetismo eran adecuadas y tenían futuro, sin 
embargo, “la falta de apertura intelectual hizo que 
fracasasen, por lo que aumentaron los conflictos 
universitarios”

30
. El movimiento estudiantil sur-

gió durante la década de los 60 y 70, principal-
mente porque el gobierno era “incapaz de equipar 
y adaptar a las nuevas demandas sociales unos 
centros que hasta entonces estaban reservados a 
los hijos de las clases acomodadas”

31
.

Pero, a pesar de que estos planes fracasasen, el 
analfabetismo sí mejoró, como se puede ver: 

TABLA 2: POBLACIÓN, POBLACIÓN ALFABETIZADA, SEMIALFABETIZADA Y ANALFABETA DE DIEZ Y MÁS AÑOS 
(1887-1991)

32
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Con respecto al cuadro 6 se observa como antes 
del Primer Plan de Desarrollo había 3.982.267 
millones de personas que eran analfabetas. Pero, 
durante la década de los 60 el analfabetismo dis-
minuye en más de un millón de personas. Con el 
paso de los años este inconveniente para la so-
ciedad sigue disminuyendo hasta alcanzar apro-
ximadamente el millón de personas analfabetas.

En resumen, con respecto a los cambios demo-
gráficos la natalidad aumentó, a la misma vez 
que la mortalidad disminuyó. Como consecuen-
cia de la industrialización hubo un boom demo-
gráfico hacia las zonas urbanas, aunque esto re-
sultó en la creación de barrios marginales en las 
provincias industriales. La situación laboral me-
joró, con los salarios mínimos y la mejora de la 
jornada laboral. Además, la mujer fue teniendo 
un papel más activo en la sociedad y en el campo 
laboral. En cuanto al último objetivo, no se aca-
bó con el analfabetismo, pero sí que disminuyó 
considerablemente, así como aumentó la edad 
de escolaridad y el número de becas.

33
  Fernández Bulete, 2016, op. Cit., pág 412

¿Se logró la expansión de la economía 
exterior?
En este primer Plan de Desarrollo el gobierno no 
estableció medidas para que la economía exte-
rior se desarrollase, sino que pretendía que las 
medidas adoptadas para la economía interior y 
para el ámbito social mejorasen la economía ex-
terior.

Como se ha mencionado anteriormente, el PIB 
aumentó. Esto hizo que España llegase a tener el 
PIB mayor de Europa del Occidente y el segundo 
mejor del mundo tras Japón (la gran potencia in-
dustrial de aquella época). 

El comercio exterior también aumentó como 
consecuencia del aumento de la producción de 
frutas y hortalizas, lo que hizo que se incremen-
taran los intercambios con Europa y que, en los 
siguientes Planes de Desarrollo -Segundo Plan 
de Desarrollo (1968-1971) y Tercer Plan de De-
sarrollo (1972-1975)-, España llegase a entablar 
conversaciones con la Comunidad Económica 
Europea.

33

Debemos tener en cuenta que el desarrollo de la 
economía exterior no fue apenas posible porque 
el gobierno priorizó algunos objetivos por enci-
ma de otros, provocando que la economía exte-
rior se dejase de lado y no tuviese tanta relevan-
cia.

Por lo tanto, la economía exterior en el Primer 
Plan de Desarrollo no fue exitosa, aunque en los 
Planes de Desarrollo posteriores se le dio mayor 
importancia.
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Conclusión
Mediante esta investigación se concluyó que los 
objetivos del Primer Plan de Desarrollo del Fran-
quismo (1964-1967) fueron: 1) el desarrollo de 
la economía interior 2) la mejora social y 3) la 
expansión de la economía exterior.

Con relación al primer objetivo había 3 subobje-
tivos: llegar a ser un país industrial, innovar en 
la agricultura y mejorar el sector terciario. En la 
década de los 60 la producción industrial se mul-
tiplicó por 4, dando lugar a una economía indus-
trial. Además, tanto las grandes empresas como 
las mineras se beneficiaron. Al mismo tiempo, la 
producción agrícola aumento a través de la cons-
trucción de obras hidráulicas y del uso de abo-
nos y fertilizantes provocando el crecimiento del 
déficit desde 1964 hasta 1965, ya que el gobierno 
no estaba preparado. Posteriormente, el gobier-
no se adaptó provocando un crecimiento del su-
perávit. Con respecto al PIB, incrementó y pasó 
de ser negativo a alcanzar el valor más alto de la 
historia de España con un 7,2%. Por otro lado, el 
sector terciario ganó más terreno como conse-
cuencia de la industrialización y de la mejora del 
transporte. Este objetivo fue cumplido con éxito, 
aunque las acciones tomadas para lograrlo hicie-
ron que se incrementaran las diferencias socia-
les entre provincias.

El segundo objetivo debía de cumplir con 3 su-
bobjetivos: efectuar cambios demográficos y 
cambios sociales y acabar con el analfabetismo. 
Los cambios demográficos se desarrollaron con 
éxito ya que la población aumentó como conse-
cuencia del incremento de la tasa de natalidad 
y la disminución de la tasa de mortalidad, este 
hecho fue posible gracias a las mejoras sociales. 
Los cambios sociales abordaban desde la crea-
ción de la seguridad social y de las pensiones, 
hasta las mejoras en la situación laboral, la mu-
jer empezaba a ocupar un papel más activo en 
la sociedad. Del mismo modo, el analfabetismo 
disminuyó y se incrementó el número de becas 

y la edad de escolarización se aumentó hasta los 
14 años. Este objetivo se cumplió parcialmente 
puesto que el analfabetismo no disminuyó tanto 
como se esperaba por la falta de apertura intelec-
tual ya que los estudios estaban reservados a los 
hijos de las clases altas.

Por último, el tercer objetivo no se cumplió de-
bido a que el gobierno priorizó otros elementos 
dejando de lado la economía exterior. Aunque sí 
se lograron pequeños avances: el aumento del 
comercio exterior y la obtención del PIB mayor 
de Europa.

Como conclusión, se puede establecer que los 
datos empíricos y el análisis historiográfico es-
tablecen diversos resultados en la política eco-
nómica y social instigada por el Primer Plan de 
Desarrollo Franquista (1964-1967). Con respec-
to al desarrollo de la economía exterior no fue 
exitoso, pero se logró un avance en la economía 
interior y en el ámbito social. Sin embargo, este 
avance no fue totalmente efectivo, debido a que 
posteriormente se crearon otros dos Planes de 
Desarrollo. Esta situación nos lleva a plantear-
nos si hubiese sido posible llevar a cabo los obje-
tivos del Segundo Plan de Desarrollo sin el avan-
ce que se hizo en el Primer Plan de Desarrollo. Se 
especula que las consecuencias de este Plan de 
Desarrollo fueron esenciales para comenzar con 
el Segundo Plan de Desarrollo.
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1. Introducción
La empresa Crocs, Inc. se funda en 2002, cuando 
George B. Boedecker y sus amigos sacan a la luz 
Crocs Beach, los famosos zuecos, causantes de su 
reconocimiento mundial hoy en día. Los univer-
salmente conocidos Crocs, fueron pensados en 
sus orígenes como una sandalia para balnearios 
y para la navegación (intuXanadú).

Su especial patente de Resina Cerradas (PCCR), 
también conocida como la célula Croslite, tiene 
propiedades antimicrobianas, que elimina olo-
res y el crecimiento bacteriano. Todo esto, jun-
to al diseño ortopédico, ha posicionado a este 
producto en uno de los mejor considerados para 
aquellos profesionales que están muchas horas 
de pie, como marineros, sanitarios, peluqueros 
y, en general, aquellos que aman la comodidad 
(Crocs Inc.).

Su producto ha situado a la empresa americana 
en una de las más innovadoras en cuanto a cal-
zado del siglo XXI. Prueba de esto fue la oleada 
de ventas en 2006, que catapultó a la compañía 
a una producción en masa y a una distribución 
internacional de sus productos. Actualmente es 
una empresa valorada en más de mil millones 
de dólares, pues la organización ha sabido adap-
tarse a los cambios de moda (Expertos en Marca, 
2014).

Sin embargo, la clave del éxito de Crocs, que le 
suponía una gran ventaja competitiva, fue que 
la organización tenía una cadena de suministro 
muy flexible, además de una completa integra-
ción vertical.

Con la llegada de la recesión mundial en 2008, 
la empresa sufrió una profunda crisis económi-
ca que le llevó a perder 200 millones de dólares. 
En los últimos tres meses del año 2017, a pesar 
de facturar 178,2 mill. de euros, la empresa tuvo 
unas pérdidas de 42,3 millones de euros. Debido 
a estos datos, Andrew Rees, el nuevo CEO de la 

organización decidió dar un giro a la política em-
presarial de CROCS. Cambió el modelo de nego-
cio marcando unos nuevos objetivos estratégicos 
basados en el desarrollo del comercio electróni-
co y la potenciación de la venta al por mayor, lo 
que supuso el final de la integración vertical y la 
venta de sus tiendas en detrimento de sus mino-
ristas (Moda.es, 2017).

El propósito de esta investigación es analizar 
si estos nuevos objetivos de la empresa son los 
acertados en un intento de mejorar la delicada 
situación de la organización.

Para demostrar la efectividad de sus nuevas es-
trategias se utilizaron diversas herramientas 
analíticas durante la investigación. Se incluye 
un análisis DAFO, para conocer la situación in-
terna y externa de la organización a la hora de 
iniciar su nueva planificación estratégica, y una 
Matriz Boston Consulting Group con el fin 
de evaluar la demanda del producto estrella en 
el mercado y su evolución. Además, se llevará a 
cabo una encuesta con la finalidad de analizar el 
efecto de las nuevas políticas y estrategias de la 
empresa en los consumidores.

En cuanto a mi motivación personal, escogí la 
empresa Crocs, por la relación con uno de mis 
hobbies, la navegación. Mi padre, que también 
la practica, opina que es el mejor calzado para 
navegar. Sin embargo, a mí nunca me gustaron 
por su diseño. De todas formas, el hecho de ni 
siquiera saber el nombre de la empresa que 
producía este tipo de calzado, hizo que naciera 
un interés.
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2. Metodología

2.1. Investigación Primaria
Se llevará a cabo un análisis DAFO con la fina-
lidad de identificar las fortalezas, debilidades, 
oportunidades y amenazas de la organización 
como un elemento esencial a la hora de llevar a 
cabo una nueva gestión estratégica. Se trata de 
identificar las fuerzas internas y externas con 
las que se enfrenta Crocs con el fin de desarro-
llar sus objetivos estratégicos. ¿Está preparado 
Crocs para afrontar un cambio en el modelo de 
negocio?

La evolución y situación actual de su producto 
estrella, el zueco, se mostrará a través de una 
matriz Boston Consulting Group. En esta ma-
triz también se verá en qué posición han dejado 
al producto las nuevas estrategias de marketing.

A su vez, en mi investigación primaria incluyo 
un análisis del comercio electrónico y de los 
nuevos canales de distribución de Crocs, cen-
trándome en la venta al por mayor (a través de la 
venta de tiendas y la firma de subcontratas) y en 
el desarrollo del comercio electrónico.

Directamente relacionado con la importancia 
del comercio electrónico se llevó a cabo una en-
cuesta con el objetivo de descubrir la efectivi-
dad de sus estrategias y respaldar la información 
indagada. Es importante recordar que el método 
de estudio en este caso es reducido, por el tama-
ño de la muestra y por factores como la falta de 
sinceridad en los encuestados. A pesar de eso, es 
una manera veloz de tomar datos para un estu-
dio y sacar conclusiones.

2.2. Investigación Secundaria
La página web oficial de la empresa, artículos 
empresariales y páginas de información finan-
ciera empresarial forman gran parte del reperto-
rio de fuentes secundarias en la red que utilicé. 
Estas me aportaron las ideas, datos y conceptos 
suficientes para poder llevar a cabo el análisis 
de la venta al por mayor y comercio electróni-
co, además de fundamentar mis herramientas 
analíticas. Por ende, responder a la pregunta de 
investigación.

De todas formas, algunas de las fuentes presen-
taban sesgos debido a la predicción de datos o 
por no incluir fechas en los mismos. Pese a que 
Crocs es una multinacional, la obtención de da-
tos fue compleja ya que me encontraba con mu-
chas opiniones y pocos hechos.

Además de las fuentes en línea, utilicé dos libros: 
Dirección de marketing, de Kotler Keller, y Bu-
siness Management, de Paul Hoang (utilizado 
en nuestro curso de diploma). Ambos fueron del 
mismo modo útiles para el conocimiento general 
necesario.

Crocs nació 
en el año 2002, 

con el lanzamiento de 
las Crocs Beach en el Fort 
Laudarde Boat Show. Tres 

amigos americanos partieron de 
un calzado ortopédico para iniciar 

su emprendimiento. A partir de 
su patente, la célula de croslite, 

crearon una empresa de 
calzado 100% confortable 

y ortopédico.
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3. Estado y evolución de la empresa
Crocs nació en el año 2002, con el lanzamiento de 
las Crocs Beach en el Fort Laudarde Boat Show. 
Tres amigos americanos partieron de un calza-
do ortopédico para iniciar su emprendimiento. A 
partir de su patente, la célula de croslite, crearon 
una empresa de calzado 100% confortable y orto-
pédico. Su nombre hace referencia a un cocodri-
lo (crocodile en inglés), un animal fuerte por na-
turaleza. En el año 2007 la empresa de Colorado 
tenía una facturación de 850 millones de dólares 
y vendía alrededor de unos 50 millones de pa-
res anuales, basando su éxito en la utilización de 
una materia prima barata, en la flexibilización 
de los canales de suministro y en una integra-
ción vertical (CNN en Español, 2012).

El aumento de sus gastos, junto a la recesión 
económica en 2008, hirieron a la joven multi-
nacional alcanzando números rojos a finales de 
ese mismo año. Debido a esto John Duerden, un 
veterano en la empresa del calzado, se presen-
ta como nuevo CEO de la empresa en 2009 en 
busca de su recuperación económica (SNEWS, 
2017).

La débil situación financiera y la culminación 
del éxito de ventas habían dejado los almacenes 
llenos y muchos gastos, por ello deciden una di-
versificación que sostuvo a la compañía hasta 
2011. Se pensaba que esto era debido a la com-
petencia y a la increíble resistencia del material 
con el que estaba hecho el producto, además de 
las modas y tendencias. El CEO de la organi-
zación, McCarvel, afirmaba que “mucha gente 
está vendiendo el mismo producto a los mismos 
clientes”, en 2012 para la BBC (Redacción BBC 
Mundo, 2017).

En el año 2013 una empresa inversora apos-
tó por Crocs e inyectó 200 millones de dólares. 
Dada la situación, los directivos deciden iniciar 
una nueva planificación para la empresa basada 
en el comercio on-line y en el desarrollo de los 
canales al por mayor, lo que inició el detrimento 
de su integración vertical. A pesar de la inversión 
financiera, para evitar errores del pasado, Crocs 
se percató de la necesidad de dar un giro a la 
política de la empresa y apostar por retornar a 
los orígenes, volviendo a poner el acento en la 
“sandalia clásica” e iniciar una nueva estrategia 
empresarial basada en el comercio on-line y en 
el desarrollo de los canales al por mayor (Redac-
ción BBC Mundo, 2017).

Prueba de lo dicho anteriormente es la declara-
ción de Andrew Rees en 2017: “nos centramos en 
nuestros objetivos estratégicos: simplificar nues-
tro negocio para reducir costes, mejorar la ca-
lidad de nuestros ingresos y posicionarnos para 
lograr un crecimiento sostenible y productivo” 
(Ibáñez, 2018).

A pesar de la inversión financiera, 
para evitar errores del pasado, 

Crocs se percató de la necesidad 
de dar un giro a la política de la 
empresa y apostar por retornar 

a los orígenes, volviendo a poner 
el acento en la “sandalia clásica” 

e iniciar una nueva estrategia 
empresarial basada en el comercio 

on-line y en el desarrollo de los 
canales al por mayor
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4.Análisis DAFO
El análisis DAFO es una herramienta que 
muestra una perspectiva interna y externa de 
la empresa. De este modo, conocemos los pun-
tos fuertes y débiles de la empresa. Asimismo, 
la compañía decide qué aspectos debe fomentar 
o mejorar. Lo que quiere decir que este análisis 
es necesario para el correcto establecimiento de 
una estrategia.

TABLA 1. ANÁLISIS DAFO DE CROCS. INC 2019.

FORTALEZAS DEBILIDADES

El buen posicionamiento de la 
marca.

Comodidad e innovación del 
producto.

Poseedora de la patente de 
“croslite”.

Durabilidad del producto.

Conocimiento del producto.

Variado portfolio.

Control de la cadena de valor.

Materia prima barata.

Fácil imitación a menor precio.

Producto de temporada.

Exceso de logística.

Alto coste de la cadena	
de suministro.

OPORTUNIDADES AMENAZAS

Desarrollo delcomercio elec-
trónico.

Fácil adecuación a un JIT.

Introducción al mercado 
asiático.

Crecimiento a través de sub-
contratas y colaboraciones 
(Walmart).

Cambios en la moda.

Diseño “feo“ considerado por 
muchos clientes potenciales.

Mucha competencia.

Elaboración propia.

Crocs, a pesar de ser una marca bastante joven, 
en cuestión de 6 años encontró grandes oportu-
nidades de expansión y consiguió un gran valor 
de marca. Actualmente ha reducido amenazas 
como el cambio de tendencia entre los clientes 
gracias a la subcontratación y comercio electró-
nico que le ha dado una ventaja de control de 
stocks.

Por otro lado, se sigue enfrentando a las imita-
ciones, que hacen mucho daño a la compañía 
por los bajos precios que atraen a una gran can-
tidad de clientes potenciales. Las imitaciones 
son uno de los problemas más graves que toda-
vía no ha sabido dominar, prueba de ello es que 
el 46% de los encuestados (ver anexo 1) afirman 
que conocen la marca. Sin embargo, solo 1 de 
cada 9 personas logra argumentar notablemen-
te que sus zuecos son de la marca CROCS (ver 
anexo 3).

También se concluye que, aquello que es una 
fortaleza, como es la durabilidad del material, 
se puede convertir en una amenaza ya que los 
clientes no renuevan el producto y la rotación de 
inventario se vuelve más lenta, afectando negati-
vamente a la liquidez de la empresa.

De todos modos, el posicionamiento de la em-
presa, su valor de marca, y la inversión de ca-
pital hacen que esté preparado para llevar a 
cabo un nuevo modelo de negocio basado en el 
e-commerce.

Las imitaciones son uno de 
los problemas más graves que 
todavía no ha sabido dominar, 
prueba de ello es que el 46% de 
los encuestados (ver anexo 1) 

afirman que conocen la marca. 
Sin embargo, solo 1 de cada 
9 personas logra argumentar 

notablemente que sus zuecos son 
de la marca CROCS
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En 2007 claramente da el 

paso a producto estrella por la 
exagerada inversión que se hace en 
la empresa ese año en comparación 

con el resto, lo que equivale a un 
crecimiento del mercado.

5. Matriz Boston Consulting Group
La matriz BCG es un método gráfico de anali-
zar una cartera de productos o servicios. En este 
caso, en mi matriz, se expone el producto estrella 
de Crocs. En esta matriz Boston se evalúa el de-
sarrollo de cuota de mercado y del sector de las 
sandalias “crocs” en toda su historia.

Figura 1: Matriz Boston Consulting Group de Crocs Inc. 2019.  
Elaboración propia

El zueco de células cerradas existe desde 2002. 
Hasta 2006, cuando las ventas se disparan, los 
beneficios eran mucho menores, pero las inver-
siones internas para el desarrollo del mercado y 
mejora del producto eran altas en relación con 
los ingresos, por eso se considera un producto 
interrogación hasta ese año. En 2007 claramente 
da el paso a producto estrella por la exagerada 
inversión que se hace en la empresa ese año en 
comparación con el resto, lo que equivale a un 
crecimiento del mercado.

En 2008, con la llegada de la crisis, las inversio-
nes en Crocs comienzan a descender velozmen-
te. Por ello, desde finales de 2007 hasta 2010, el 
zueco fue un producto vaca, con poco desarro-
llo y bastantes ventas. Sin embargo, la recesión 
económica y los cambios de tendencia arreba-
tados en sus clientes hicieron mucho daño a 
Crocs. Debido a esto, en 2010 y con una diver-
sificación muy necesaria para la supervivencia 
de la marca, su producto vaca se transforma en 
perro.

Todo esto cambia en 2014. En este año, como se 
introduce en la monografía, apuestan considera-
blemente por el comercio en línea y se deshacen 
de la integración vertical, lo que hace que la san-
dalia vuelva a situarse como un producto vaca. 
Es decir, de bajo crecimiento y alta participación 
en el mercado, puesto que la inversión es muy 
baja y las ganancias aumentan.
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6. Análisis de comercio electrónico
Los gestores de Crocs se han dado cuenta de que 
las sandalias son un producto que depende sig-
nificativamente de las modas y las tendencias. Se 
trata de un mercado tremendamente inestable 
ya que goza de periodos de rápido crecimiento 
y gran demanda, pero que también sufre impor-
tantes recesiones que dan lugar a un exceso de 
stocks. Estas variaciones no hacen sostenible la 
empresa, ya que no hay previsión de costes. Todo 
esto, junto a la excesiva competencia y la canti-
dad de imitadores que tiene el producto, fuerza a 
Crocs a dar un giro en sus tácticas empresaria-
les, apostando por el comercio electrónico como 
estrategia clave (Redacción BBC Mundo, 2017).

En los últimos 6 años, la compra en línea se ha 
convertido en un requisito esencial para compe-
tir entre las más grandes. El primer gran con-
tacto de Crocs con el mundo online es con la co-
laboración de ChannelAdvisor. Esta compañía, 
especializada en el comercio electrónico desde 
2001, fue la elegida por los directivos para el de-
sarrollo mundial de sus mercados y marketing 
digital. La visibilidad de sus productos ha au-
mentado gracias a la plataforma de CA (Chan-
nelAdvisor), que se basa en marcar los mercados 
donde se desea destacar e integrar los productos 
de la empresa al cliente. Prueba de la eficacia del 
programa son los significativos ingresos, más de 
1 billón de dólares anuales, y la presencia global, 
90 países, en 2014 (ChannelAdvisor).

A causa del éxito en el nuevo mercado, su tienda 
en línea se posicionó, en 2016, en el número 224 
en la Guía de las 500 mejores tiendas online, re-
portando 130 millones de dólares en ventas, un 
7,9% más que el año anteror. En ese mismo año, 
el 12% de sus ventas se realizaron en su platafor-
ma electrónica (Ibáñez, 2018). Por otro lado, y en-
frentando los datos anteriores, solo un 12% de los 
encuestados han utilizado la tienda on-line para 
comprar, frente a un 25% que ha comprado sus 
productos en tiendas minoristas (ver anexo 3).

“Dado el cambio en los patrones de compra de 
los consumidores, esperamos que este canal 
continúe creciendo en importancia para el ne-
gocio general”, dijo Gregg Ribatt (CEO de Crocs 
hasta 2017) en 2016, explicando su visión del 
comercio electrónico en relación con las ten-
dencias de los compradores. Así fue, ante todo 
pronóstico, y con la idea de que el cierre de 160 
tiendas, un 28,57% de sus ubicaciones, heriría 
financieramente a la empresa, como el comer-
cio electrónico y la venta al por mayor compen-
só los gastos vinculados a las clausuras de los 
locales (Ibáñez, 2018).

Actualmente, Crocs tiene como objetivo un plan 
de crecimiento sostenible centrado en la reduc-
ción de costes y la mejora de ingresos. En vis-
tas a esta mejora, se identificó a la integración 
vertical como la gran amenaza. Por eso, deciden 
prescindir de sus fábricas y confiar en la sub-
contratación, potenciando el e-commerce (Crocs 
Inc., 2018).

La mayor de sus producciones se situaba en Ita-
lia, un país con demasiada burocracia, lo que 
hacía que todos los procesos empresariales se 
ralentizaran mucho más que en otras naciones. 

Otra gran oportunidad que 
ofrece el comercio electrónico es 
poder establecerse en un único 
país. De esta manera, evitar la 

burocracia, ganar velocidad en la 
toma de decisiones y favorecer la 
integración horizontal. Gracias al 
comercio electrónico, Crocs puede 

exportar a cualquier lugar del 
planeta desde un único lugar.
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Para hacerse una idea, en Inglaterra existen 
3.500 leyes mientras que en Italia hay estableci-
das 150.000 aproximadamente.

Además, la economía italiana ha pasado un mal 
momento por culpa de la corrupción. De hecho, 
Italia arrastrará un lastre de 100.000 millones de 
euros que tendrá que pagar en 10 años. La inesta-
bilidad política también hace mella, ya que desde 
2018 el parlamento se encuentra colgado. Inclu-
so hoy en día el gobierno está en una situación 
de transición inmediata debido a los problemas 
internos (Vegezzi, 2018).

El otro país donde se cerró su segunda mayor 
industria es México, donde habían llegado a pro-
ducir 20.000 pares de sandalias al día. Su produc-
ción actualmente la cubren proveedores como 
Foam Creations, aunque sus productos siguen 
siendo diseñados y distribuidos por la empresa. 
De hecho, han presentado dos nuevas coleccio-
nes para 2019 llamadas LiteRide y Reviva, que se 
caracterizan por contener nuevas tecnologías en 
la suela (Ceballos, 2019).

Desde que la empresa pasó a subcontratar su 
producción a terceros, la compañía elevó sus 
ganancias netas un 54,4%, pero ha perdido casi 
todo el control en sus producciones (Moda.es, 
2018).

En esta nueva política de externalización y aho-
rro de costes, Crocs también ha cerrado gran 
parte de las 500 tiendas que poseía, sin atender 
al rendimiento de Brasil, donde la organización 
alcanzaba unas ventas de 25 millones de dólares 
(Lunan, 2014).

No debemos olvidar el alto coste social que supo-
ne para la organización cerrar tiendas y fábricas. 
Crocs se ha deshecho de 183 empleados, aho-
rrándose una gran cantidad de dinero por man-
tener sus locales (Garriga, 2018) y reduciendo 

la amenaza de los cambios de tendencia de sus 
clientes. Así lo expresó Kummetz (analista vete-
rano del consumo en Pivotal Research Group), 
en 2018, para la revista mexicana Expansión: 
“Las tiendas fueron un verdadero lastre para el 
negocio en esos meses de clima más frío porque 
la gente no quería comprar Crocs” (Meyershon, 
2018).

La externalización supone una pérdida de con-
trol por parte de la organización. Ahora la pro-
ducción se está llevando a cabo en diversas plan-
tas de producción y el control de calidad es me-
nor, pero gracias a esto ha disminuido el precio 
de sus productos y reducido costes de produc-
ción. De todas formas, esto no quita que el precio 
de sus productos se considere premium, pues la 
idea de Crocs es mantener un precio mayor que 
el estándar para transmitir una mayor calidad al 
cliente. Se puede observar claramente en la com-
paración de precios entre la marca Crocs y una 
marca de la competencia (ver anexo 1). Por ello, 
esta decisión no ha provocado que la empresa 
haya perdido clientes fieles. De hecho, en 2018 
la organización vendió 18 millones de pares por 
trimestre.

Hoy en día Crocs está activa en 13 mercados en 
línea diferentes y su comercio electrónico ha he-
cho que sus ingresos aumenten un 21% en el año 
2018. Estos ingresos provienen mayoritariamente 
de América del Norte. De hecho, y en busca de una 
mejor logística y funciones de comercialización, su 
mayor centro de comercio global está en Boston, 
América del Norte (Lunan, 2014).

En otras regiones el comercio electrónico tam-
bién ha impulsado las ventas y la empresa tiene 
muchas esperanzas en el desarrollo del mercado 
asiático. Estos aumentos se deben a la recepción 
positiva de los nuevos compradores, que ha lo-
grado el eficaz servicio en línea de la empresa 
(The Motley Fool, 2019).
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Otra gran oportunidad que ofrece el comercio 
electrónico es poder establecerse en un único 
país. De esta manera, evitar la burocracia, ganar 
velocidad en la toma de decisiones y favorecer 
la integración horizontal. Gracias al comercio 
electrónico, Crocs puede exportar a cualquier 
lugar del planeta desde un único lugar, además 
de la oportunidad de informar casi al segundo a 
sus subcontrataciones y tiendas en línea (Hoang, 
2016).

Crocs, a través del desarrollo del comercio elec-
trónico, ha iniciado un nuevo nicho que no de-
pende de la moda y que se centra en aquellos 
grupos de trabajadores especializados en dife-
rentes áreas como la sanidad o la restauración 
“zuecos sanitarios Crocs“ (ver anexo 2). El co-
mercio electrónico también ha permitido a la 
organización ofrecer un servicio de sandalias 
personalizadas, por ejemplo, se pueden persona-
lizar las sandalias de los niños con accesorios de 
sus dibujos y personajes favoritos.

Esta acertada estrategia empresarial, basada en 
el e-commerce, vino acompañada de una exitosa 
política promocional, también en línea, protago-
nizada por Drew Barrymore que canta “Come as 
you are”, anuncio que se ha convertido en el más 
visto de la empresa (Meyershon, 2018).

Siguiendo esta idea, otras celebridades como 
George Bush o Morgan Freeman han sido fo-
tografiadas calzando “crocs”. Además, la or-
ganización apuesta por el marketing en redes 
sociales como Twitter o Facebook usando los 
famosos zuecos. Respaldando lo dicho anterior-
mente, la encuesta nos aporta el dato de que un 
40 % de los encuestados conocía al menos a una 
persona famosa que haya calzado unos Crocs 
(ver anexo 3).

A raíz de la colaboración promocional con Drew 
Barrymore, la actriz siguió unida a la organiza-
ción y ha desarrollado nuevas líneas de produc-
tos online, como los Crocs Chevron, un producto 
enfocado en el amor entre madre e hijo como 
hilo conductor. “Creo que juntos hemos conse-
guido unos diseños extremadamente divertidos y 
versátiles, lo que los hace perfectos para madres 
e hijos. Es un giro muy sofisticado a las siluetas 
más importantes de Crocs a través de los colores 
y sus detalles metálicos”, explicaba Drew Barry-
more (Rábano, 2018).

“Dado 
el cambio 

en los patrones 
de compra de los 

consumidores, esperamos que 
este canal continúe creciendo 

en importancia para el negocio 
general”, dijo Gregg Ribatt (CEO 
de Crocs hasta 2017) explicando 

su visión del comercio 
electrónico en relación con 

las tendencias de los 
compradores. 
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7. Conclusión
En conclusión, Crocs ha sido una empresa muy 
afectada por la inestabilidad de un mercado ca-
racterizado por las tendencias de los consumido-
res, que le han llevado a situaciones económicas 
precarias que exigieron un nuevo plan de nego-
cio para salvar la situación.

Así, la compañía establece una nueva estrategia 
que fuerza el cierre de sus fábricas y la venta de 
sus tiendas minoristas, con un claro propósito de 
ahorrar costes y controlar stocks. Ciertamente, 
grandes inversiones han colaborado en la inte-
gración horizontal.

A lo largo de esta investigación se ha podido 
constatar que la apuesta por el comercio electró-
nico ha sacado a Crocs de esta delicada situación 
financiera y ha logrado una estabilidad en la em-
presa. Esto se ve reflejado en un 54,4% más de 
ganancias netas en el primer semestre del año, 
que equivalen a 50,8 millones de dólares. De 
igual modo, Crocs creció un 5,2%, 535 millones 
de euros, y se espera que 2019 le reporte un 12% 
de aumento de ingresos (Moda.es, 2017).

Estas cifras evidencian el acierto de esta nue-
va política empresarial, pero creo que Crocs no 
debe olvidar lo que ha supuesto esta estrategia 
en cuanto a pérdidas de puestos de trabajo en 
diferentes países, lo que ha causado conflictos 
entre los grupos de interés externos e internos.

En definitiva, el comercio en línea ha mitigado 
los efectos negativos de los cambios de tendencia 
entre sus clientes gracias a un mejor control de 
stock, debido a los cambios en sus métodos de 
abastecimiento, y ha eliminado debilidades de 
su producto mediante un marketing online acer-
tado. Sin embargo, esta estrategia todavía no ha 
sido capaz de frenar completamente a sus imita-
dores y tampoco ha logrado cambiar la perspec-
tiva de producto de temporada de su línea más 
importante. Así pues, una futura investigación se 
centraría en estas amenazas y otras posibles.
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Anexo 1. Comparación de precios entre 
Crocs y una marca de la competencia

(Crocs Inc., s.f.)

(WorkTeam)

Anexo 2. Línea sanitaria de la página 
oficial de Crocs

(Crocs)

ANEXOS
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Anexo 3. Encuesta de autoría propia 
realizada el 19/09/2019 y sus resultados

Resultados de 39 encuestados:
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Calculating the 
volumetric dimensions of 
a high-rise building with 
an intricate profile outline
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1. Introduction and justification
The idea of making the world a better place has 
always been a strong motivation of mine, in or-
der to shape the environment we live in. Engi-
neers are the inventors and problem solvers we 
need since their work makes a huge difference 
in everything we do in the future. My interests lie 
in wanting to become a Civil Engineer with the 
purpose of dealing with the design, construction 
and maintenance of both the natural and man-
made habitat.

After an extensive inquiry and research process, 
I settled for the following research question: 
Would I be capable of modeling and cal-
culating the volume of a building with a 
non-trivial profile by using the mathemat-
ical concepts of defined integration to later 
evaluate the accuracy between the analyti-
cal results obtained with the actual values 
of the project?

This essay will explore the study of a function 
in relation to the “Fundamental Theorem of Cal-
culus” and its application for disc integration as 
a method of calculating the volume of a solid of 
revolution.

[1]
 The problem will be linked to parts 

of the class syllabus, such as mathematical mod-
els, functions, differentiation and integration. 
This exercise is bound to serve as a good prac-
tice and give rise to certain learning outcomes 
for myself, which in turn will increase my Math 
skills and allow for a more profound understand-
ing of the subject.

I chose this topic as a springboard for what I will 
go on to study at collage and to enrich my under-
standing of calculus and its real-life applications. 
The vast majority of buildings in our modern 
world nowadays, involve minimalist designs that 
contain an exaggerated amount of curves and 
strange angles for the purpose of seeming more 
visually appealing for people. The focus of my 
essay will be the planning and designing of such 

structures, with the body of this paper dedicated 
to the mathematical exploration of calculus as a 
tool in Civil Engineering.  

I trust that the existing knowledge previously ac-
quired in Math class, will prove very useful in 
solving the physical problem of calculating the 
volume of a building, in order to reach relevant 
conclusions and allow for improvements, both 
academically and personally.

2. Problem statement
The paper aims to make a mathematical evalu-
ation of the volume of the Symbiotic Towers, a 
concept design project by the architecture studio 
AmorphouStudio

[2]
 Consisting of three futuristic 

skyscrapers, the plan is made up of an office, a 
hotel and residential tower, all three connected 
on the ground level by a double-deck pedestrian 
shopping plaza, specifically designed and devel-
oped in esponse to Dubai’s climatic conditions. 
The captivating part of this design, however, has 
to be its shapes inspired by the formation of a 
desert oasis in addition to the use of a Voronoi 
Pattern

 
as found in natural systems. The propos-

al seeks to integrate contextual environmental 
data into a synthesis of forms, skins, and public 
spaces.

Figure 1: Symbiotic Towers (foreground).  
Source: http://bit.ly/38nzZCH

These astonishing buildings, would become ar-
chitectural wonders if brought into our physi-
cal world as they incorporate cutting edge bio-
mimetic traits and a biophilic design, that takes 
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human affinity for nature into consideration by 
drawing buildings to complement the natural 
landscape.

[3]
 I am keenly interested in how this 

design reconnects people with nature through 
architecture and promoting harmony with our 
world’s ecosystems, thus achieving a balance 
among the economic, social and environmental 
needs of present and future generations.

Figure 2: Symbiotic Towers (middle ground). 
Source: http://bit.ly/38nzZCH

The main objective of this extended essay is, to 
calculate the approximate value of the buildings 
volume by making out the functions that make 
up a model for the shape of this solid of revo-
lution, and find the volumetric space that it oc-
cupies by means of the use of defined integrals 
based on the Barrow Theorem, following the 
disc integration method, and applying the ac-
cording formulas for the calculation of volumes 
of revolution. This problem is similar to some 
integration problems previously solved in class 
with figures based on simple functions of which 
I calculated the internal volume.

3. Initial data and specifications
Within a data-driven decision-making context, it 
is key to guarantee the quality of the data upon 
which decisions are made. In the project frame-
work, data quality assurance is required to make 
the right decisions. Because of its crucial nature, 
in addition to working with the information from 
the Visionary Architecture and Design Studio 
website 

[2]
, contacting with the company was a 

no-brainer in order to achieve the most precise 
data. I extracted several important numerical 
values that describe the shape and size of the 
buildings. The following table contains the data 
necessary for the correct and systematic develop-
ment of the problem, which allows me to break 
down the design into building components to 
calculate a rough estimate of the actual volume. 

TABLE 1. MEASUREMENTS OF SYMBIOTIC TOWERS

FEATURE ARCHITECT VALUE

Tower #1 Tower #2 Tower #3

Height [ m ] 165 187 209

Base Width [ m ] 106 118 130

Max. Width [ m ] 115 129 143

Min. Width [ m ] 30 34 38

Stories Number 47 53 59

Source: http://bit.ly/38nzZCH 

Following with these specification measure-
ments of Table 1, I found a blueprint of a 2D 
sketch-to-scale of the different buildings. Figure 
3 is a critical component to my research because 
of the information it supplies me with. The build-
ing’s outline is the key to uncovering the func-
tions later on in Section 4, in order to calculate 
the total volume of the entire project in Section 5.
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Figure 3: 2D sketch-to-scale of Symbiotic Towers.
Source: http://bit.ly/2SjJw8h 

Labeled as Tower #1, it is located on the far-left 
side in Figure 3, made up of 47 stories totaling 
an estimate height of 165 meters. Tower #2 is 
22 meters taller than the first, with a total of 53 
stories and located on the far right of the sketch. 
The tallest, Tower #3, can be found in the middle 
of Towers #1 and #2, composed of 59 stories and 
coming in at 209 meters. Notice that these colos-
sal metal buildings would be a sublime addition 
to Dubai’s skyline, helping shape modern archi-
tecture with free-flowing and organic designs.

After thoroughly inspecting the project design 
and its measurements, I deduced that the three 
towers are built in a similar fashion and equally 
shaped, with dimensions that have been scaled 
using a determined ratio. This finding will al-
low for a faster and less repetitive procedure to 
finding a solution to the problem at hand due to 
volume being proportional to size.

[4]
 Keeping in 

mind that I would like to calculate only an ap-
proximation of the final volume, I will only need 
to determine the volume of one tower, and then 
multiply the result by their respective scales. 
Furthermore, in the architect’s specifications, I 
found a very useful data component, that allows 
me to link, the total volume of a tower, with the 
partial volumetric dimensions of its “Left Half” 
and “Right Half”.

TABLE 2. VOLUME RELATIONSHIP 
OF SYMBIOTIC TOWERS

FEATURE VARIABLE & RELATIONSHIP

Volume Left Half Vl

Volume Right Half 1/3 of Vl

Total Volume Vt = Vl + Vr

Source: http://bit.ly/38nzZCH 

Using the data of both Table 1 and Table 2, I’m go-
ing to define the following visual layout of tower 
#1 with its corresponding specification measure-
ments.

Figure 5.1: Sketch object dimensions. Source: my own

Figure 5.2: Sketch Vl  and Vr . Source: my own

The Table 2, provided by Mr. Raghad Al-Ali, one 

Figure 4: Sketch of tower heights. Source: my own
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of the architects in charge of the project, sug-
gests that each one of the three constructions 
are composed of two halves that have been de-
signed deliberately to allow for a strong and sta-
ble construction on the whole. This resulted very 
helpful as the architects planned the dimensions 
of the building, so that the left side of the tower 
has approximately three times the volume of the 
right side, a clear indication that both sides are 
interdependent of each other. Knowing this ratio 
is advantageous because I will have to carry out 
fewer calculations and won’t have to calculate 
the volume of each side independently. Reflect-
ing on the situation, this relationship of 1:3 for 
the volume, is a fortunate design element, since 
I will be required to solve for less equations and 
identify less points of intersection, in order to cal-
culate the volume in only a 180 degree rotation 
using the Solid of Revolution Calculus Theory.

4. Modeling problem solution

4.1. Identifiying Parts
In order to calculate the volume of the buildings, 
I must apply the extended Barrow Theorem for 
the calculation of volumes of the solids of revo-
lution

[1]
, which says that the volume of these fig-

ures is obtained with the following formula:

Luckily, I was given a thorough explanation in 
the classroom, along with an extensive amount 
of exercises, of its application on practical cases 
of where to use the theorem. Knowing this, I 
must first find the functions f (x) that rotated 
on the x-axis generate the solid of revolution 
that forms the volumetric profile of the chosen 
building by superimposing the image on 
some coordinate axes and using the dynamic 
mathematics software GeoGebra. I evaluated 
other programs and computational softwares’ to 
graphically represent the equations but decided 
to use GeoGebra for being very intuitive and 
having used it previously in math class on many 
occasions.

When overlapping the Figure 5.1 or Figure 5.2 
sketch on a coordinate system by means of 
GeoGebra in order to turn our piece onto its 
right side, I noticed that the lateral profile of 
the building is something similar to the shape 
represented by a combination of logarithmic, 
exponential and quadratic functions. I believe 
these kinds of functions could be the most 
suitable modeling functions for the outline.

All the graphics took me a great amount of time, 
but certainly helped me greatly when having 
to make critical decisions regarding the design 
strategy and its calculations.
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Figure 6: Tower #1 turned onto its side and labeled by parts. 
Source: my own

As I have learned in class some time ago, it is 
possible to modify the functions to adapt to the 
side of the building using what is called “Func-
tion Transformations”, where I adjust the pa-
rameters through a method of trial and error, a 
process that became very time consuming, until 
after several attempts visually obtaining the best 
adjustment to that profile (Figure 13).  Seeing as 
I’m more familiar with working along the x-axis, 
I decided to turn the figure 90º to the right. How-
ever, I’m aware that I could have used the y-axis 
as the axis of rotation instead, by implementing 
a dy in the integral. I’ve attained the following 
modelling functions by visually finding for the 
most appealing best-fit, keeping in mind that my 
calculations are going to be approximate by na-
ture.

4.2. Modeling with different kinds of 
functions

4.2.1. Tuning with quadratic function f(x) 
For the Base of the Tower, its shape takes a sim-
ilar form to that of the graphic representation of 
a quadratic function. Knowing and establishing 
that:

The parameters being defined as: 

In Figure 7, one can see the tuning process of the 
quadratic function until attaining the best adjust-
ment possible to match the outline of the build-
ing’s base.

Figure 7: Tuning of the quadratic function in order to model the part ca-
lled “Base”. Source: my own using GeoGebra.



Página 38	 Calculating the volumetric dimensions of a high-rise building...	 Mejores monografías de Bachillerato Internacional	 OrTj10

4.2.2. Tuning with exponential function i (x)
For the Trunk of the Tower, its shape takes a sim-
ilar form to that of the graphic representation of 
an exponential function. Knowing and establish-
ing that:

The parameters being defined as:

In Figure 8, one can see the tuning process of 
the exponential function until attaining the best 
adjustment possible to match the outline of the 
building’s trunk.

Figure 8: Tuning of the exponential function in order to model the part 
called “Trunk”. Source: my own using GeoGebra

4.2.3. Tuning with logarithmic function k(x)
For the Crown of the Tower, its shape takes a 
similar form to that of the graphic representation 
of a natural logarithmic function. Knowing and 
establishing that:

The parameters being defined as:

In Figure 9, one can see the tuning process of 
the logarithmic function until attaining the best 
adjustment possible to match the outline of the 
building’s crown.

Figure 9: Tuning of the logarithmic function in order to model the part 
called “Base”. Source: my own using GeoGebra.

Once concluded the search for the main modeling func-
tions, in order to construct an approximation of the left 
half of the building’s profile, I placed them all together 
on a common set of coordinate axes, to find each point 
of intercept between them respectfully and then limit the 
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Domains accordingly in such way to attain each part. 

Figure 10.3: Zoom of the graph of modified functions to best-fit profile. 
Source (all Fig. 10): my own using GeoGebra.

4.2.3. Tuning with inter-functions g(x), h(x) 
and j(x)
In an effort to gain a more precise approxima-
tion, I’m going to add three inter-functions to the 
already existing functions in order to smooth out 
the results and aid in reducing the margin of cal-
culus error. The name of these inter-functions 
will be, g(x), h(x) and j(x), which I’ve defined 
these using the same methods as for the three 
main functions and summarized in Figure 11.

The final step involves, compiling all functions 
and inter-functions from Figure 7, 8, 9 and 11 re-
spectively onto a Cartesian Coordinate System, 
in order to identify the points of intersection. 
Solving for the system of equations, will allow to 
find the argument values for which the function 
is defined. Using the graphing software of Geo-
Gebra to find the domains of Table 3, turned out 
to be much easier and less time consuming.

Figure 12, is the result of six different functions 
that are linked with each other to create a seem-

Figure 10.1: Functions f (x), 
i (x), and k (x).

Figure 10.2: Functions f (x), i (x), and 
k (x) including intersection points.

Figure 11: Improving the modeling with three inter-functions g(x), h(x) and j(x). Source: my own using GeoGebra.

Figure 12.1: Functions f(x), g(x), h(x), i(x), 
j(x) and k(x)

Figure 12.2: Functions f(x), g(x), h(x), i(x), 
j(x) and k(x) with intersection points

Figure 12.3: Graph of the 6 modified functions 
used to best-fit profile. Source (of all Fig. 12): 
my own using GeoGebra
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ingly perfect line when approximating to the 
shape of the left half of the building, thus on the 
long run allowing for more precise results at the 
end. I would like to mention that the following 
combination of equations is not the only one, but 
from those found, this one proved to be the sim-
plest and most effective in order to model with a 
certain degree of approximation.

TABLE 3. FINAL MODELING FUNCTIONS AND ITS DOMAINS

FUNCTION DOMAIN

  

   

  

Source: my own 

Table 3 helped me understand the relationship 
between the function domain and the intersec-
tion points of the functions in Figure 12.3. In or-
der to calculate the volume of the solid of revolu-
tion, I needed the integrals of the functions over 
their domains to be finite by defining the limits 
of the integral (points a and b). Knowing that the 
domain is directly related to the upper and lower 
limits of integration for an integral, finding the 
domains of each function was crucial for the cor-
rect development of my essay.

5. Tower volume calculation
I find the area under the curve of the definite 
integrals, by rotating this area 180º around the 
axis of symmetry forming a 3D object out of a 2D 
space. The volumes of the shape can be found 
using integrals, which allow the total volume of 
the form to be found by calculating areas of an 
infinite amount of cross-sectional slices.

Figure 13: Volume Vl of the 3D solid of revolution. 
Source: my own using GeoGebra

As I mentioned earlier, the volume of a solid of 
revolution  is defined by the 
following equation but because I’m only looking 
to solve for the volume of only the left half of the 
building, the formula requires a slight modifi-
cation by dividing the product of the integration 
into two parts. It simulates the revolution of only 
180º.

The total volume of Vl will be the result of the 
sum of the volumes of each of the functions of 
Table 3 that form the half  profile of the Tower 
(volume V1 for f(x) 1

st
 row, volume V2 for g(x) 

2
nd

 row, …).
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I have to calculate every one of the individual 
volumes in correspondence with their function, 
and according to their domains. In addition, 
because of the very high numbers used in the 
calculations, I’ve decided not to use decimal po-
sitions which are small enough as to be not be 
worth considering as I am only calculating ap-
proximations. All the data used for the following 
calculations comes from Table 2 and 3.

Calculating V1

Applying “disc integration” to the function f(x) 
to solve for V1 using the domain as a limit of in-
tegration. 

The lower limit of integration a is the lowest val-
ue in the domain of the function, and the upper 
limit of integration b is the highest in the domain. 
This way the first row of Table 3 defines a = 0 and 
b = 10, so applying:

Solving for the following equation accordingly 
(FTOC):

    
The procedure-scheme is similar for the follow-
ing calculations from V2 to V6 inclusive.

Calculating V2

Using the T1-84 calculator directly:

Calculating V3

Expand and simplify the binomial 
 by applying the Perfect 

Square formula  

(calling A, B, C the different monomials of the integral)

Figure 14: V2 Calculator result. Source: my own using TI-84 Plus.
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Place each of the simplified sub-integrals (A, B 
and C) back into the equation, and applying the 
limits of integration:

Similar to the previous calculations of V3.

Calculating V4

Calculating V5

Calculating V6

Expand and simplify the binomial 

 

Evaluate every one of the sub-integrals 
individually

Place each of the simplified sub-integrals (A, B 
and C) back into the equation

Figure 15: V4 Calculator result. Source: my own using TI-84 Plus.

Figure 16: V5 Calculator result. Source: my own using TI-84 Plus.
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Calculating the final Vl

In order to check the accuracy and precision of 
the previous calculations, I will introduce the six 
defined integrals into my TI-84 Plus Graphing 
Calculator (GDC).

There is a very small difference  
between the initial value and the one given by 
the calculator. This discrepancy is due to the 
rounding of results to the nearest thousandths 
place. I can consider the margin of error 
unimportant as it is so small that it will prove to 
be inconsequential and insignificant .

Calculating Vr

Using the specifications from Table 2:

Calculating total volume tower #1 

 

In order to calculate the volume of Towers #2 
and #3, I will be applying the Square-cube law

[4]
, 

which describes the relationship between the 
volume as a shape’s size increases or decreases. 

As I deduced previously in Section 3 when eval-
uating the specifications of the problem’s initial 
data, all three towers have the same dimensions 
but have been augmented or reduced in size. 
Thus, by using ratios I am able to obtain the total 
volume of the project.

Calculating volume tower #2

Calculating volume tower #3

Calculating total volume of the project

Figure 17: Vl Calculator result. Source: my own using TI-84 Plus.
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6. Discussion of the final values
I observe in Table 4, that the final result obtained 
is consistent and verifiable through the architect’s 
data, with a slight difference between the initial 
dimensions and the one given by our own calcu-
lations. I considered, however, that the volume 
calculations made are an excellent approxima-
tion to the real case of these buildings, this project 
could be deemed as successful, with a very low 
percentage of error in the calculations. 

This may be due to little details such as the im-
precise modeling of the profile of the building, the 
imperfections that may be present in the comput-
er design of the three buildings, and the rounding 
of results.

TABLE 4. RELATIVE ERROR OF CALCULATIONS

VOLUME (m
3
)

Architect’s Data 1415842 

  Calculations 1439655 

 Relative Error 1,682% 

Source of first row: http://bit.ly/38nzZCH

With the objective of the project to make a mathe-
matical evaluation of a concept design built upon 
three skyscrapers and calculate its volume using 
merely an image from the modeled building and 
some complimentary measurements, the acquisi-
tion of its volumetric dimensions has a very prac-
tical application when evaluating certain quali-
ties of the construction such as, the efficiency of 
its shape, the area of available space, the require-
ments for heating and cooling the interior space, 
the emotional experience of the space, and other 
important aspects.

7. Conclusion
I’m extremely satisfied with the results of my Ex-
tended Essay because as a result, I have obtained 
different conclusions that answer my “Research 
Question”. Taking into account the component of 
“approximation” of the calculations, one can ob-
serve that the results obtained from this real case 
are conclusive and can be verified with the math-
ematical study of the buildings volume.

To calculate the volumetric characteristics of the 
Symbiotic Towers, I had to make use of different 
mathematical tools such as the “Translation of 
Functions”, the “Fundamental Theorem of Calcu-
lus” (FTOC) and the application of “Integral Cal-
culus” for solids of revolution.

[1]

Throughout the development of the work, I re-
ally managed to develop and expand my mathe-
matical knowledge, while honing skills such as 
finding the function that models or adjusts to a 
real curve and contemplating the aspects of in-
finitesimal calculus in a cartesian plane, the er-
rors caused by the modeling of a function and 
the rounding of values. It is also worth mention-
ing, that carrying out this problem had a part of 
basic research, since it was about calculating a 
conceptual scheme and obtaining specific con-
struction properties of an object. Furthermore, it 
helped me to improve my search and informa-
tion filtering skills, together with the data anal-
ysis part.

The essay is a great example of the utility of cal-
culus as an introduction to Civil Engineering be-
cause of the building’s complex shape exclusive-
ly made up of curves. It has brought me a lot of 
practical mathematical knowledge because even 
though I’ve learned and practiced integration 
in class, this work has helped me to more pro-
foundly understand this part of the Math syllabus. 
Personally, I have never found mathematics very 
amusing, but this turned out to be very interesting 
at a technical level, which in turn has managed to 
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spark my interest in Mathematics and its abilities 
to model the real world.

I am very satisfied with my work and proud of 
the development and end results of this mathe-
matical exploration. Not only I hav I invested in 
performing productive work academically, I also 
feel that this project has helped me a lot to con-
solidate my mathematical knowledge in the field 
of infinitesimal calculus. It has helped me to im-
prove my search and information filtering skills, 
along with setting objectives, good time manage-
ment, decision making, and thorough analysis.
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Introduction 
Today, the Scarlet Letter, first published in 
1850, is considered a classic precisely because 
its major themes are still relevant. This study 
tackles a concept that is still present in many 
modern religions and shows that Hawthorne’s 
questioning is applicable to all of them. This 
includes the prejudices faced in today’s society 
when one doesn’t conform to the norm, and the 
questionable extent to which our culture has 
really evolved.

This essay will analyse how Nathaniel 
Hawthorne used double entendres to challenge 
the concept of absolution in the Scarlet Letter. I 
will do this by examining how the duality is used 
to reject the notion of sin, disprove the concept of 
redemption, and call into question the viability of 
being absolved.

In the novel, the reader is exposed to several 
doubles entendres, where one sole act can lead 
to two contrasting themes, or one character can 
be understood in two distinctive manners. Hester 
and her lover, the minister Arthur Dimmesdale, 
are both shown trying to atone for the ‘sin’ they 
have committed by conceiving the child, as they 
both seek absolution. As in many other religions, 
Puritan absolution was the concept that after 
having sinned, one had to atone for their sins 
and redeem themselves to be eligible for heaven. 
These concepts are supposed to be absolute 
and leave no room for doubt. However, through 
his use of ambiguity, Hawthorne sows seeds of 
uncertainty, thereby challenging them.

Born in Salem, Massachusetts in 1804, Nathaniel 
Hawthorne was an American novelist, dark 
romantic, and short story writer. His pieces 
often revolve around the concepts of morality, 
history, and religion, with many of his works 
criticising the Puritans, although his ancestors 
had close ties to the religion. Hawthorne rose 
to prominence in the USA when the political, 

philosophical, religious, and literary movement 
of transcendentalism was sweeping throughout 
the country. This movement centred around 
Ralph Waldo Emerson, although other notable 
supporters of the movement included Henry 
Thoreau, and Theodore Parker. According to 
Philosophy professor Russell Goodman, they 
were critics of their contemporary society for 
its unthinking conformity, and urged that each 
person find, in Emerson’s words, ‘an original 
relation to the universe’. The movement sought 
to cast away the ‘outdated’ traditions that were 
imposed by the rigidity of an institutionalised 
religion. “Although Hawthorne was critical of the 
movement at times, works such as the Scarlet 
Letter show that he was nevertheless strongly 
impacted by it” (Richey, 2019).

The US gained independence from the UK in 1779 
and was exploring its identity as a new country 
when Nathaniel Hawthorne rose to prominence. 
In the 1600s, several settlers from Great Britain 
had come to the Americas in search of a better 
life, several being religious groups that were 
looking for a more welcoming place to call home, 
many of them Calvinists. As a result, throughout 
the 17th and 18th centuries, the then colonies 
were a mix of zealously religious groups, one of 
these being the Puritans.
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The Notion of Sin
First, absolution requires for a sin to have 
been committed by a perpetrator. The Puritans 
were a group of Calvinists characterized by 
their rigid conformity to the Bible as the law. 
They had embarked on their journey to the 
colonies in the 1600s “purified of the secular 
and religious contamination they believed had 
contaminated society and the Church of England 
in particular” (Richey, 2019). In a society such 
as the one Hester is depicted in, the sin of one 
within the community was the sin of the whole 
community. A sin is an immoral act considered 
to be a transgression against divine law, this law 
being the holy scriptures in the Bible. Through 
the Bible, it is understood that adultery is a sin, 
and the perpetrators of it are evil doers who have 
acted due to the influence of the devil or to satisfy 
a selfish pleasure, which is also, ultimately, 
influenced by the devil. Simultaneously however, 
love and family are beacons of hope and a Godly 
gift, a child being the ultimate blessing.

Hawthorne manages to portray both of these 
possible understanding throughout the novel, 
putting into doubt whether the act of intimacy 
between Dimmesdale and Hester is really a 
sin through contrasting themes, as well as 
questioning whether they are the evil-doers 
the Puritans claim them to be through their 
depictions as characters and the use of symbols.

There are four main themes surrounding Pearl’s 
conception: evil, passion, love, and hatred. These 
themes go in pairs, where one positive theme 
contrasts a negative theme in evil vs passion, 
and hatred vs love. Hawthorne’s ability to do this 
creates a state of dubiousness on behalf of the 
reader, as sin is supposed to be absolute.

First and foremost, the sin committed by the affair 
between the two lovers elicits the contrasting 
themes of evil and passion. The former of these 
two, is the theme that the Puritans seem to focus 

on throughout the book. The act of having sex 
with another man while having a husband was 
seen as an unforgivable crime, often punishable 
by death. It was the very embodiment of evil, 
as it represented Hester breaking her vows and 
falling into the thralls of the devil. However, 
Hester was kept alive to be “a living sermon 
against sin” (p.58). “This is the interpretation 
that was expected in a traditional society, such 
as the Puritan society as well as the society being 
knocked off its feet by transcendentalism in the 
1800s.” (Augustyn, 2019).

However, throughout the novel we are faced time 
and time again with the possibility that Hester 
and Dimmesdale were merely too carried away 
in their passion for each other to think of the 
consequences of their actions. “These were not 
acts of lust, but merely an expression of their 
emotions” (Richey, 2019).

Furthermore, the themes of love and hatred 
are present throughout the novel. The love that 
Hester and Dimmesdale feel for each other clearly 
contrast with the hatred that seeps out of Roger 
Chillingworth. “According to the Puritan code, 
the reader should be more sympathetic towards 
Chillingworth, as he is the one who had been 
wronged and therefore has the right to avenge 
himself” (Hall, 1946). However, within the very 
own Bible, one must not hate or harm another, 
further creating a sense of dislike towards the 
wronged husband.

However, the reader is far more sympathetic 
to the minister and Hester, precisely due to 
the theme of love that connects them. “Love, 
whether newly born or aroused from a deathlike 
slumber, must always create sunshine, filling the 
heart so full of radiance, that it overflows upon 
the outward world.” (p.192)

The same acts prompt the emergence of two 
themes with opposite connotations, putting 
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into question whether the sin that the Puritans 
denounced really is one.

Additionally, the duality with which the 
characters can be understood leads to further 
doubt cast upon who the real sinners in the story 
are, and whether they are the devil-influenced 
evil-doers the Puritans claim them to be.

Hester is denounced by the Puritans as an 
adulteress who has betrayed her husband. “She 
must be punished for her immoral and nefarious 
behaviour. This is the representation that the 
character receives on behalf of the Puritan 
society that condemns her” (Isaoglu, 2015).

Nevertheless, throughout the novel, Hawthorne 
begins to depict Hester as someone with an acute 
sense righteousness and morality, contrasting 
with her earlier portrayal. This is exemplified 
by her will to obey the punishment set upon her 
by the Puritans, without ever defending herself, 
as well as protecting the identity of her lover, 
Dimmesdale, to spare him the public shaming 
she received. Furthermore, she is depicted as a 
“loving and caring mother, adding to the sense 
that she has been misjudged and wrongfully 
condemned as a fiend” (Richey, 2018). Finally, 
Hester herself is shown to disagree with 
the accusation of adultery, as she considers 
Dimmesdale to be her rightful husband over the 
one recognized by the Church, Chillingworth.

Dimmesdale on the other hand, is at first 
depicted as the Puritan ideal of a man. This 
is evidenced by how several of the town’s 
maidens have become madly enthralled with 
him, several of them willing to do anything to 
gain his approval. He is described as a gifted 
orator, others wished they had the same power 
over the populace. “All that they [other priests] 
lacked was the gift that descended upon the 
chosen disciples, at Pentecost, in tongues of 
flame; symbolizing, it would seem, not the 

power of speech in foreign and unknown 
languages, but that of addressing the whole 
human brotherhood in the heart’s native 
language” (p.133) However, Dimmesdale is 
later revealed to be Hester’s lover, making him 
a heinous hypocrite, as even he himself admits. 
“I have laughed, in bitterness and agony of 
heart, at the contrast between what I seem and 
what I am!” (pp.181-182).

Finally, there is also space for two interpretations 
of Roger Chillingworth. The first is the idea that he 
is “a man who has been wronged and is deserving 
of revenge, in line with the Puritan concept that 
a sin must be punished and every member of 
society must do what they can to right the wrong” 
(Hall, 1946). On the other hand, Hawthorne also 
portrays the character as the embodiment of evil, 
with Hester saying “Why does he smile at me 
so? …Art though like the Black Man that haunts 
the forest?” (p.71) comparing Chillingworth to 
the symbol of the devil. Additionally, in order to 
avenge himself, Chillingworth uses methods that 
torture Dimmesdale psychologically, turning 
him into a despised character.

The duality of interpretation surrounding the 
characters begs the question of who the real 

“There are 
four main themes 

surrounding Pearl’s 
conception: evil, passion, love, 
and hatred. These themes go in 
pairs, where one positive theme 

contrasts a negative theme in evil 
vs passion, and hatred vs love. 
Hawthorne’s ability to do this 
creates a state of dubiousness 

on behalf of the reader, as 
sin is supposed to be 

absolute.”
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sinner is, and whether the accused by Puritans, 
Hester, has really committed a sin.

The symbols that are relevant to the notion of sin 
in the book are the scarlet letter A and the prison, 
both of which can be interpreted in different 
manners.

For the former of the two, the Puritan intended 
meaning of the symbol was a brand that signified 
sin. According to Lewis Duke, it was a symbol 
that was to bring shame upon the wearer and 

discourage others from committing the same sin, 
as well as provide a road to redemption for the 
wearer (Duke, 1989). But throughout the novel, 
Hawthorne provides an alternative interpretation 
of the letter. First, the evolution of the mark into 
something to be “looked upon with awe, yet with 
reverence too” (p.247) through Hester’s own hard 
work and selflessness. Additionally, Hawthorne 
uses a comet streaking through the sky to show 
that the letter A can have other connotations, 
such as Angel.

The prison is a symbol with a twofold meaning. 
On the one hand, it should be a place of reflection 
and torment where one does not want to be 
present. However, Hawthorne also depicts it as 
Hester’s stronghold, where she is protected from 
the mob that awaits her outside.

The notion of sin is paramount for the concept 
of absolution to be viable. Through the duality 
Hawthorne applies to the exploration of themes, 
the idea that a sin is absolute is made dubious, 
or even if an act is a sin at all. Furthermore, 
Hawthorne uses the twofold understanding of 
the characters and symbols to question who, if 
it is indeed someone, is the real sinner and to 
what extend Puritans are adept at identifying 
them.

However, the reader is far more 
sympathetic to the minister and 

Hester, precisely due to the theme 
of love that connects them. “Love, 
whether newly born or aroused 
from a deathlike slumber, must 

always create sunshine, filling the 
heart so full of radiance, that it 

overflows upon the outward world.”
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Concept of redemption
The second step to absolution is the path of 
redemption, whereby the ‘sinner’ enacts a 
series of punishments in order to be set free of 
their guilt and be worthy of a place in heaven. 
Although the responsible party is challenged by 
this penance, they nevertheless feel liberation 
simultaneously, as they admit their guilt and 
are on the right track to regain their ‘worth’ 
as someone who will attain heaven. However, 
Hawthorne uses ambiguous symbols, and an 
ambivalence of themes to relay the message that 
redemption under Puritanism is fruitless and 
counterproductive to a person’s feelings of regret 
and remorse, if there are indeed any.

According to Isaac Cañadas, the forest was a 
place feared by the Puritans, as in practical terms 
it was where the Native Americans were, as well 
as several dangerous animals, but additionally it 
contained what was supposedly the stronghold 
of the devil himself, a place forsaken by God 
(Cañadas, 2006). At the beginning of the novel, 
this idea is enforced by the ‘common knowledge’ 
that the forest was where the witches went, 
one of these personages being the governor’s 
sister. Regarding the concept of redemption, this 
is the last place where a sinner on the path to 
absolution should be.

Nevertheless, as the novel progresses, the forest 
is progressively portrayed more and more not 
as an evil entity, but as a freeing place, full of 
possibilities. It is where Pearl is free to dance and 
play with the trees, but additionally, it is the place 
of reunion between Hester and Dimmesdale, “the 
reunification of a family savagely torn apart by a 
Puritan society” (Duke, 1989). The fact that this 
place is where they decide to forsake Puritanism 
and leave together goes against the concept 
of redemption but is the site at which a family 
can be reunited not out of lust but love, finding 
happiness in this, and not in having another 
chance to reach heaven.

Another symbol is that of the scaffold where 
Hester was forced to stand and bear the glare of 
hundreds of eyes. As this is the first impression 
of the site, coupled with what the reader knows, 
the scaffold is viewed as the first step towards 
absolution. According to Isaac Cañadas, this is 
because it is where the guilty admits their sin 
and begins their sentencing (Cañadas, 2006).

However, it is important to note that Hawthorne 
uses this very same platform to reunite 
Dimmesdale, Hester and Pearl for the very 
first time. This goes against the Puritan codes 
for redemption, as it symbolizes that neither 
of the parents really regret their act and would 
be willing to forsake the path of redemption to 
absolution, as we later see they do, in order to 
be together. Finally, the river is a symbol that 
represents the hidden deceit in the Puritan idea 
of redemption. A river is traditionally a symbol 
of life, as it is fast moving and clear, with the 
ability to wash away blemishes and purify 
substances. This is a metaphor for the path to 
absolution –redemption– as this act is supposed 
to cleanse a besmirched soul.

Nevertheless, Hawthorne turns the river into 
a symbol of dread and dolefulness, a taleteller 
which “should whisper tales out of the heart of 
the old forest… like the voice of a young child that 
was spending its infancy without playfulness,” 
(p.175) and will only continue to amass misery 
in its melancholy song. According to Hall, this is 
what Hawthorne wants to be seen as the portrayal 
of the Puritans’ path to absolution (Hall, 1986) 
– a pretence of forgiveness and closure, hiding 
the true moroseness and desolation it actually 
imparts.

Regarding themes, punishment and identity are 
the ones most closely associated with the concept 
of redemption, and both of them leave space for 
different interpretations.
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First, the theme of punishment is subdivided into 
self-inflicted and society-inflicted punishment. 
Self-inflicted punishment has been a concept 
present in several religions throughout history. It 
is supposed to be a method one uses in order to be 
cleansed of one’s sins –a way to be redeemed in 
the eyes of the Lord– through physical suffering. 
This is because it “helps the disciple of Christ 
to control the appetites of nature, weakened 
by original sin, whose negative effects impact 
the entire human person” (Bartunek, 2003). 
Dimmesdale turns to this form of punishment 
to pay for his affair with Hester, searching for 
a way to atone for the yearnings of his souls by 
the torment of his physique. Although this theme 
should be one that supports Puritanism, it in fact 
only weakens their argument for redemption 
through this method, as according to Meyerson, 
instead of curing his incessant guilt, Dimmesdale 
loses his physical strength along with his mental 
resilience (Meyerson, 2002).

The punishment that Hester is forced to bear by 
the Puritan community is one of public shame 
and disdain. The goal of the punishment is 
to redeem her by forcing her to acknowledge 
her wrongdoings and re-establish herself as 
an outstanding member of God’s community. 
Hawthorne, however, uses this theme to highlight 
how alienation by the community only brings 
Hester farther from God, by “isolating her into a 
state where she does not fight back, but neither 
does she yearn to belong to the community 
anymore” (Richey, 2019). Whereby the practices 
to make one atone for sin and become redeemed 
only brings the ‘sinner’ farther from the religious 
community, and more isolated from heaven 
deserving people than ever.

Another major and ambivalent theme is that 
of identity. Hawthorne uses identity both as a 
Puritan theme as well as one more fitting with 
transcendentalism. In one sense of the theme, 
identity does indeed change due to the Puritan 

punishment imposed upon the characters. One 
example is Hester. “Some attribute had departed 
from her, the permanence of which had been 
essential to keep her a woman. Such is frequently 
the fate, and such the stern development, of 
the feminine character and person, when the 
woman has encountered, and lived through, 
an experience of peculiar severity. If she be all 
tenderness, she will die.” (p.154) This serves the 
Puritans’ purpose of redemption, as it changes 
her from the mocking and sinning woman she 
once was, into one who is more subservient and 
Puritan.

However, the same identity theme with Hester’s 
transformation reveals that something vital has 
been stripped from her, whereby she is no longer 
a ‘sinner’, but she is no longer quite a woman 
either. “If she survives, the tenderness will 
either be crushed out of her, or—and the outward 
semblance is the same—crushed so deeply into 
her heart that it can never show itself more.” 
(p.154) This contradicts the Puritan concept of 
redemption, as it does not illustrate that Hester 
has consciously chosen to become a woman 
worthy of heaven, merely that she has ceased 
to be a soulful creature. Since absolution and 
heaven are for the soul, the concept of redemption 
therefore becomes obsolete.

Therefore, through the use of symbols and themes 
to encapsulate double connotations, Hawthorne 
proceed to further challenge Puritan absolution 
by rebuffing the concept of redemption, which is 
essential for absolution to be possible.
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Possibility of absolution
Finally, Hawthorne makes the reader question 
the validity of absolution. Redemption was the 
path towards absolution, and as aforementioned, 
the double entendres render it a dubious 
concept. However, absolution is the ultimate 
goal. By using Pearl as a character and symbol 
that could be interpreted to be more than just the 
embodiment of sin, the limited ambivalence in 
society’s behaviour, and the contradicting theme 
of conformity, Hawthorne establishes a narrative 
where the reader is no longer confident about 
the possibility of absolution.

At the beginning of the novel, Pearl seems to be 
established as a character who represents a static 
symbol of sin. She is referred to as a “messenger 
of anguish” (p.241), “the scarlet letter in another 
form; the scarlet letter endowed with life!” (p.94), 
and “the emblem of [Hester’s] guilt and torture” 
(p.95). This is in line with the Puritan established 
ideas and would still leave room for the possibility 
of absolution being viable. However, as the novel 
continues, the reader is faced with the possibility 
that Pearl is not only this.

First, she is alluded to as a symbol of pure love 
between Dimmesdale and Hester. “[Pearl] was 
the visible tie that united them. She had been 
offered to the world, these seven years past, as the 
living hieroglyphic, in which was revealed the 
secret they so darkly sought to hide, — all written 
in this symbol, — all plainly manifest, — had there 
been a prophet or magician skilled to read the 
character of flame!” (p.197). This puts the reader 
in a difficult position as either interpretation of 
the character defy absolution. First, if one is to 
interpret her as a literal personification of sin, 
then by her very nature absolution is impossible. 
She will most likely outlive both of her parents, 
but most importantly, “she is a living being that 
will forever be present in their lives. She is a stain 
that cannot be removed” (Isaoglu, 2015). As such, 
absolution is impossible due to her existence.

According to Dan Qing, if one were to interpret 
her as a symbol of love between her parents, 
then they would find themselves at odd with the 
Puritan religion and its idea of absolution (Qing, 
2010). Puritanism clearly establishes that a child 
out of wedlock is a sin, and one should seek 
absolution to repent that sin.

By presenting this ambiguous character, 
Hawthorne presents two alternative 
interpretations that both end in the questioning 
of absolution.

Regarding the theme of societal behaviour and 
conformity, Hawthorne also presents alternative 
perspectives that challenge the possibility of 
absolution. Society condemns Hester from the 
moment it is discovered that she has committed 
adultery. She is made a pariah in the small 
Puritan town, ridiculed and looked down upon. 
Even Pearl is made a target due to her mother’s 
indiscretions. Here society is portrayed as an 
entity that will never let Hester forget or move 
on, making absolution an impossibility (Isaoglu, 
2015).

On the other hand, Hawthorne also portrays 
society as an entity that eventually no longer 
looks upon Hester in this way, and instead “people 
brought all their sorrows and perplexities and 
besought her counsel” (p.247). On the one hand 
society is seen as evil and conformist, however 
it is also portrayed as accepting and caring. 
Nevertheless, in both portrayals, Hester is never 
accepted back into society as an equal.

Absolution of sin means that you have been 
forgiven, your sins all but forgotten. Hawthorne 
uses these double entendres to show that in no 
way will it be possible for society to ever forget, 
and it will never allow one back into it once one 
has been removed.
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Conclusion
In conclusion, through my research I have 
concluded that Hawthorne challenges the 
Puritan concept of absolution by attacking the 
premise of a sin and the concept of redemption. 
Although his focus was Puritanism, since these 
concepts are present in many other religions, 
his questioning is relevant to these as well. In 
order to disprove the notion of a sin, Hawthorne 
used the possible duplicity of meanings in 
the act of conception between Dimmesdale 
and Hester, taking form in several contrasting 
themes. Additionally, he used the duality of 
the character understandings and symbols 
to further promote the point that even if there 
was a sinner, who was it really? To question 
the concept of redemption, Hawthorne used a 
slew of ambiguous symbols, amongst them the 
river, the forest, and the scaffold, to imply that 
redemption was far from attainable or viable. 
Additionally, he used the themes of identity and 
punishment to further challenge the idea of an 
attainable absolution through the cleansing of 
the soul with redemption. Finally, Hawthorne 
diminishes the reader’s ability to believe in 
the possibility of redemption by the alternative 
perspectives regarding societal behaviour and 
conformity, as well as his duplicitous use of 
Pearl as a symbol.

The impact that this book has on the reader 
changes depending on the decade in part, but 
not entirely. Although it is true that the Scarlet 
Letter was perceived as incredibly scandalous 
by traditionalists when it was written in the mid 
1800s, it can be said to have the same effects on 
traditionalists of today’s age. Additionally, it could 
serve as a beacon of self-reliance and strength, as 
it depicts a strong lead who continues with life 
even after she is shunned away by society, only 
to become a symbol of wisdom and selflessness.

The 
impact that this book 

has on the reader changes 
depending on the decade in 

part, but not entirely. Although it 
is true that the Scarlet Letter was 

perceived as incredibly scandalous 
by traditionalists when it was 

written in the mid 1800s, it can be 
said to have the same effects 
on traditionalists of today’s 

age.
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1. Introduction
The modern Lesbian, Gays, Bisexual, Transsex-
ual and Queer (LGBTQ+) civil rights movement 
as we know it today began in 1969 at a bar called 
“StoneWall.” (CNN Library, 2019). Ever since the 
LGBTQ+ community has been fighting not only 
to be tolerated, but accepted. This fight has not 
always been easy, especially for minorities with-
in the LGBTQ+ community itself, like transgen-
der individuals and people of colour.

This investigation will be focused on 
transgender people of colour in the 1980’s in the 
United States of America, in the context of the 
cultural artefact selected. This time period for 
the trans community was especially difficult. 
Allison Washington, a trans woman who lived 
during the period stated “I think of the 1980s 
as the latter part of the Trans Dark Ages. 
Perhaps someday we’ll see the present time as 
the Middle Ages leading to the Enlightenment.” 
(Washington, 2016)

The TV series Pose presents the lives of many 
queer individuals but focuses on portraying 
several transgender characters and their 
struggles in New York City in 1987. It draws 
from transgender documentaries like “Paris is 
Burning” (see appendix 1) among other sources 
to portray what the trans community of colour 
was like in the 1980’s. Nevertheless, it exposes the 
community in a palatable way to the mainstream 
viewers to increase the relatability of the leading 
characters narrative’s and struggles.

Therefore, throughout this essay the authenticity 
and accuracy in the portrayal of the trans 
experiences and struggles in the series will be 
analysed in connection to reality. This will be 
done by firstly analysing the main hardships 
that the community had to face, using reliable 
secondary sources of information like historical 
evidence such as filmed protests, court cases, 
first-person experiences, biographies and 

autobiographies. Subsequently, these identified 
struggles will be used as guidance to create a 
criterion for the series to meet. Consequently, if 
the verisimilitude between both is high, then an 
accuracy consensus of the authenticity series of 
the series will be reached.

The exploration on the accuracy of the portrayal 
of Pose will be divided into three core sections 
encompassing the main aspects of the trans 
experience in the 1980’s. Two of them have been 
selected accord to “The Social Justice Advocate’s 
Handbook: A Guide to Gender” (Killermann, 
2013). Killermann presents an easy to grasp 
diagram which explains the complex concept 
of gender identity and sexuality (Illustration 1). 
Following this diagram, the two first sections 
are “Identity and Sex” and “Expression” 
as they are the hardships which individually 
transgender people struggle with from the 
diagram. The third section is “Consequences 
of the transgender lifestyle”. This is an 
important section to analyse as the cultural 
ramifications of choosing to express yourself 
in a non- socially acceptable manner was, 
one of the most relevant challenges that the 
community faced. Finally, each section will be 
divided into sub-sections; each will encompass 
specific struggles/examples that transgender 
people had to face in the 1980’s when dealing 
with one of the three core sections.

Illustration 1 
The genderbread Person
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2. Identity and Sex
The concept of being transgender ultimately 
resides upon the fact that the person’s biological 
sex doesn’t align with their gender identity. This 
phenomenon was labelled “gender dysphoria” 
in 2013 (The New York Times, 2015). However, 
before the term “gender dysphoria” was used, 
the medical term for it was “gender identity 
disorder” from 1987-2013 (The New York Times, 
2015), and before that there was no medical 
term approved by the American Psychiatric 
Association. This meant that medically 
speaking, transgender people didn’t exist and 
socially speaking that they were excluded from 
society because their identity struggle wasn’t 
recognized or important enough to be studied. 
This led to misconceptions and a general 
erasure of their struggle by the cis- normative 
society.

2.1. Transgender Rights
Politically speaking the 80’s was no easy time to 
identify as trans in the U.S.A. The government 
completely disregarded and discriminated 
against the needs of the community. This can 
be exemplified by the police’s behaviour, laws 
and disregard for the queer community’s health 
(Credle, 1984).

Police misconduct & brutality regarding 
the transgender community in the 80’s was 
common due to the lack of punishments that 
sprung from a society that actively alienated and 
discriminated against the community (Credle, 
1984). Numerous cases of police brutality were 
reported during that era and many associations 
were formed with the aim of protecting the 
community and eradicate police misconduct 
(CHE GOSSETT, 2018).

Police misconduct in the 80’s evidently also 
encompassed the investigation of transgender 
homicides or lack thereof. Job opportunities for 

trans people were scarce, and many resorted 
to prostitution, an unsafe job (France, 2017). 
Therefore, there were many assassinations 
within the community during that time, most 
of them unsolved. One of the most popular 
cases was the murder of “Venus Xtravaganza” 
in 1988 (Livingston, 1991). She was beloved 
within the community which popularized 
her case. Furthermore, many trans homicides 
were not even reported, as a large number 
of the community was homeless and within 
the community “it was usual for girls to just 
disappear” (Livingston, 1991).

Moreover, the judicial system was far from 
indulgent, with ridiculous legal strategies 
to exonerate perpetrators like the sometime 
successful “gay panic defence” who could be 
used as the trans community was socially 
despised. This strategy states that the murderer 
was “so upset by a homosexual’s advances 
to him that he becomes temporarily insane, 
in which state he may kill the homosexual” 
(Parisie v. Greer, 1983).

Regarding Pose’s portrayal of trans rights, the 
second episode can be used to exemplify this 
theme. In the 80’s women (especially trans 
women) were not welcomed into most gay bars 
and when they did go in, they were treated 
like drag queens and asked to leave the bar. 
When Blanca, a trans woman of colour and the 
leading character of the series, refuses to leave 
the bar, the manager called the police resulting 
in her getting pushed out and arrested for 
“disturbance of peace”, which was depicted as 
a complete abuse of authority.

We can see the abuse of trans rights through 
the police misconduct which shows that the 
portrayal is aligned with the investigation and 
is therefore accurate. However, it could have 
been more representative of the time if the series 
expanded to the handling of Blanca’s court case 
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as a strategy similar to the “gay panic defence” 
could have been depicted , ultimately putting 
into evidence the unfairness judicial system 
towards the community. The show could have 
also included police brutality protests of trans 
groups and activist to reinforce the presented 
idea of the unjust system. Overall, this theme 
could have been further explored by the series.

2.2. Family and Rejection
As a result of moral and religious prejudices, 
a large part of the queer community of colour 
experienced abandonment and rejection from 
their families. There is not accurate data for the 
number of transgender individuals that were 
homeless during that time period, but “In July 
1986, just 32% of people supported legalization 
of same-sex relationships” (GATES, 2017) and 
considering the gay community was generally 
more privileged than the trans community, 
we can deduce that the rates of acceptance 
of the trans community were extremely 
low. Nowadays, according to the 2015 U.S. 
Transgender survey, 45% of transgender 
people whose families were not supportive 
of their gender identity have experienced 
homelessness (Sandy E. James, 2016). That 
accounts for almost half of the transgender 
population in the U.S. and this was in 2015. 
Considering both statistics we can conclude 
that the transgender homelessness rates were 
extremely high and the highest among the 
queer community.

Furthermore, studies have shown that in the 
80’s people were beginning to realize their 
identity a lot sooner; “In the late 1980s (…), the 
average age for identity realization dropped 
between ages 9 and 10, with youth coming out 
at ages 14 to 16” (Nico Sifra Quintana, 2010). 
This early realization of their queer identity 
increased the percentage of queer homeless 
in the 80’s. Accounts from individuals in the 

community saw homelessness as the norm in 
their society (Livingston, 1991).

Additionally, transgender people were not 
only discriminated against by their family but 
also by the LGBTQ+ community itself. During 
the 5th Annual Pride Parade in NYC in 1973 
in Christopher Street, Silvia Rivero, a trans 
woman of colour and one of the orchestrating 
individuals behind the start of the modern 
LGBTQ+ movement in 1969, stood on stage in 
front of a predominantly white queer audience 
to bring awareness to the trans community 
of colour. Yet, during her emotive speech the 
audience started to “boo” her and screaming 
for her to leave the stage, demonstrating how 
the mainstream white young gay males were 
mostly accepted in society at the time but the rest 
of the community wasn’t (Refer to appendix 2 
for original footage of the event) (France, 2017). 
Later in life, Silvia revealed that “she was hurt 
and felt betrayed by the movement” after this 
event (France, 2017).

Politically 
speaking the 80’s 

was no easy time to 
identify as trans in the U.S.A. 
The government completely 

disregarded and discriminated 
against the needs of the community. 

This can be exemplified by the 
police’s behaviour, laws and 

disregard for the queer 
community’s health 

(Credle, 1984).
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In relation to Pose, the previously mention “bar 
scene” depicts the alienation of trans people 
from the LGBTQ+ community. This rejection 
can be exemplified in the show through the 
arguments given by the owner of the bar to 
kick Blanca out, as he would “lose clientele”. 
Nevertheless, the show does highlight a sense 
of unity within the trans community, with 
all its trans characters putting beside their 
differences to help each other in times of need, 
this is shown in plenty of episodes with Blanca 
helping Elektra, Angel and Kandy. This sense of 
unity that is highlighted is extremely important 
as throughout the research it was recurrent.

Furthermore, homelessness and its effects 
are vastly tackled, with all the twelve main 
characters having been forced out of their 
families and into the streets. The family 
narrative is expanded in the series with the 
death of Blanca’s mother, which leads to the 
portrayal of how despite the rejection Blanca 
still loves them. Nevertheless, Blanca’s family 
still despises her and during an altercation 
between Blanca and her brother, he pushes her 
against the wall and calls her a “child molester”, 
“fag” and uses “him” to refer to Blanca. This 
demonstrates how unhealthy and unsafe the 
family environment is to some trans people, 
providing an example of a reason they could 
have to run away. This makes the family and 
rejection sub-section and overall identity and 
sex section accurately portrayed, with some 
flaws as some aspects could have been further 
explored.

3. Expression
The concept or term “passing” refers to the 
ability of a trans person (midst transition) to 
be perceived by (the cis-normative) society as 
their wished gender identity. Meaning that if 
a trans person can pass, people can’t tell that 
the person is trans; because they are able to 
visually/physically express themselves a socio 
cis-normative way. Passing in the 1980’s was a 
measure of acceptance by society (still is) as it 
meant you had the capacity to blend into the cis-
normative society. Basically, meaning you were 
visually/physically “normal” resulting in no 
harassment or denial of any privileges just based 
on your identity and expression. “The 80’s were 
politically reactionary, (..) having judgmental 
psychiatrists who denied hormones and 
surgery to all but those who could act like prim 
and proper straight girls” (What was it like to 
be transgender in the 1980s?, 2016) Therefore, 
transitioning for a trans person had as objective 
to change their gender to ultimately be able 
to pass, alleviating their gender dysphoria. 
The steps towards achieving “passing” and 
the culture behind how a transgender person 
expressed their gender identity can be seen 
below;

3.1.Transitioning
The current process of transitioning from a 
gender to another involves extensive legal, 
medical and psychiatric advising from 
professionals. Essentially, transitioning has 
two stages; hormones and gender reassignment 
surgery. These processes are physically invasive 
and professional counselling is required as 
there are many risks to consider. In the 1980’s 
the risks were even greater. Two reports 
were released (Hopkins study and the public 
statements of Ihlenfeld) warning of the high 
risk of suicide that patience under hormones 
suffered (Washington, 2016). Besides, most 
medical professionals in the 80’s who were 
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willing to work with trans patients worked 
in medical organisations that operated semi-
underground, which made the process even 
harder to locate (Washington, 2016).

Furthermore, in the 80’s the semi-underground 
health centres that treated trans individuals 
were actually a privilege, as mostly white trans 
woman had the means to get access and afford 
them; “Most of the transitioning women I saw 
were white and middle class; (…) medical 
transition was inaccessible to anyone without 
good means and ability to hunt down access.” 
(Washington, 2016)

This inaccessibility and expensiveness of 
treatment for the trans community of colour, 
led many of them to resort to the black market 
to transition. “I estimate that my transition cost 
the equivalent of $60.000.” (Washington, 2016). 
ABC news reported the story of Ivana, a trans 
woman of colour, who started transitioning 
during the 80’s and resorted to black market 
hormone and silicone shots to have more 
of a “womanly figure”. These silicone shots 
were extremely dangerous but were a cheaper 
alternative to plastic surgery; “When you do the 
black-market drugs you don’t have doctors to 
check the hormone levels. I knew someone back 
in the late- ‘90s; she ended up dying. I think her 
kidneys failed or something. (…) I’m sure some 
people are thinking, ‘Well, why would someone 
do that to themselves? But it’s really, incredibly 
distressing to feel like your body doesn’t match 
who you are.” (QUART, 2016).

The expression section and transitioning is the 
best portrayed/accurate in Pose, as it dives deep 
into the transitioning process with all the trans 
characters in the show being midst transition. 
The dangers of transitioning and inaccessibility 
of treatment for the community of colour are 
properly mimicked. The show, tackles the 
side effects of hormones with the character of 

Angel, and the black-market silicone shots with 
the characters of Angel and Kandy, depicting 
how getting cheap silicone is extremely 
dangerous as Kandy gets infected bumps in 
her hips after being injected fake silicone. The 
show also expands on the reasons most of the 
medical centres at the time were underground 
through the character of Elektra; “clinics 
were overwhelmed with AIDS patients (taboo 
and discriminated illness) and many hospital 
boards saw unnecessary and unnatural 
preforming those kinds of surgery” (Murphy, 
2018). The show also accurately presents the 
expensiveness of the procedures with the 
character of Elektra, who resorted to mopping 
to collect the amount necessary to undergo the 
procedure.

3.2. Ballroom scene and Houses
The ballroom scene, much like the house 
system, was a place created by the trans 
community where they were able to freely and 
openly express themselves in whichever light 
they chose. During the 1980’s, transgender 
people of colour were extremely marginalized, 
which drove them to create their own support 
systems in the form of houses and balls. The 
ballroom scene was composed of “balls” which 
were a gathering of the local community with 
the peculiarity that people walked categories 
similar to fashion shows, they were scored and 
given trophies for their wins. There were all 
sorts of categories, but ultimately their aim was 
for trans people to have an outlet to express their 
talents and feel rewarded for their looks, which 
often was their biggest source of insecurity.

In the words of Dorian Corey, a famous trans 
woman in the ballroom scene “In real life you 
can’t get a job as an executive unless you have 
the education and the opportunity (…). In a 
ballroom you can be anything you want. You’re 
not really an executive but you’re looking like 
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an executive. You’re showing the straight world 
that I can be an executive if I had the opportunity 
because I can look like one, and that is like a 
fulfilment.” (Livingston, 1991)

Besides from the personal fulfilment that balls 
brought individually to the community, it also 
served as gatherings, a place where people 
looked and felt like you. In the 80’s, the trans 
community had no place in society, finding 
other trans people was extremely difficult. 
Brenda holder remarked in her interview 
with the NYC public library that a big reason 
behind the strong sense of sisterhood and unity 
nowadays in the trans community were the 
balls, which speak volumes of their historical 
importance (Holder, 2018). This can also be 
applied to the house system as they provided 
family like support.

Pose gives a great deal of importance to the 
proper representation of the ballroom scene 
as they include at least a ball in every episode 
with many categories. Every character in 
the show is part of the ballroom scene which 
helps in conveying the sense of unity and 
sisterhood. Moreover, it also features the house 
of “Evangelista” operated by Blanca who tries 
to support her “children” (people in a house) 
the best she can. Pose encapsulates the house 
culture with the feuds between the houses and 
gives throughout the whole series a realistic 
representation of the functions of a house as a 
support system. Characters like Blanca, Angel 
and Elektra all thrive during balls winning 
categories and earning trophies which shows 
how the balls were rewarding on an individual 
level for the community. Considering the 
arguments above Pose accurately mimics 
the importance and nuanced complexity of 
the house system, ballroom scene and overall 
expression experience in the 80’s making it 
extremely realistic.

4. Consequences of the transgender li-
festyle
“Living in the fringes of society is definitely not 
picnic and roses” (Murphy, 2018). Throughout 
the first section we have explored the struggles 
of a transgender person as an individual in 
the 80’s, in the second we have explored their 
struggles as community and in the following 
sub-sections we will explore their struggle in 
society.

4.1. HIV/AIDS
The aids epidemic spread exponentially during 
the 80’s to vulnerable minorities like the LGBTQ 
community (see appendix 3). Unfortunately, 
this deadly virus is still a mayor issue within 
the transgender community. The U.N. GAP 
report concluded that “Transgender women 
are 49 times more likely to acquire HIV than 
all adults of reproductive age” (United Nations 
Programme on HIV/AIDS, 2014).

The spread of this virus in the LGBTQ+ 
community at the time was largely due to the 
misconception of the utility of condoms. Most of 
the community associated condoms pregnancy 
prevention rather than STD’s. (Morbidity 
and Mortality Weekly Report, 2001). This 
vulnerability to the virus on top of the fact that a 
large part of the trans community of colour was 
involved in sex work, made the exposal to the 
virus extremely likely. (Poteat, 2018 )

The likeliness of contracting the virus added 
to its deadliness (from 1981 to 1987 95.5% of 
the infected with the virus had deceased, see 
appendix 3) made surviving while belonging to 
a minority devastatingly difficult. Furthermore, 
due the virus generally being a LGBTQ+ 
related illness and the general erasure and 
discrimination of the transgender community 
from society, most of the infected people in the 
community couldn’t seek meaningful help. 
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Most couldn’t afford medical care in a country 
were the HIV/AIDS epidemic was ignored, 
meaning no funds were invested to combat this 
illness by the government.

Regarding Pose and the consequences of the 
transgender lifestyle, the show presents two 
of the leading characters of the show having 
contracted HIV and throughout the show a 
supporting character dies due to the illness. 
Through the supporting character the show 
presents the medical conditions he had to 
endure while trying to survive the illness, the 
conditions were described by a nurse working 
the ward as “I am an overworked nurse with no 
resources in a ward where no one gets better” 
(Murphy, 2018). Moreover, the show expands 
the HIV narrative explaining its political 
context through the character Praytell; “I know 
Ronald Reagan will not say the word aids, 
health insurance will not cover any treatments. 
The world wants us dead! They don’t think 
this is a plague, they think it’s some sort of 
divine justice, or Darwin’s answer to sodomy.” 
(Murphy, 2018).

Considering high mortality rate of the disease, 
it seems unlikely that two of the leading 
characters that have the disease are yet alive, 
however, besides from that, the show accurately 
depicts the devastating consequences HIV had 
on the community.

4.2. Job opportunities and prostitution
Due to the lack of legal protection from the 
government, discrimination against trans 
people in the workplace was extremely 
common. Many employers wouldn’t hire 
trans people based on their gender identity 
if they didn’t “pass”. This was a problem for 
the youth in the community, whom most of 
the time were homeless and couldn’t find a 
financially sufficient job. Elizabeth Schepel 

thesis, found that lack of money combined with 
childhood abuse and family rejection (common 
problems faced by the community) were key 
factors in driving transgender people to resort 
to prostitution (Schepel, 2011). Furthermore, 
there were a lot of risks involved with the job, 
including rape, STD’s or being killed. The 
infamous homicide case of Venus Xtravanza an 
escort in 1988 is an example of this (Livingston, 
1991).

For those among the community who were 
able to pass and had a steady job, they had to be 
very careful with “outing themselves” (letting 
people know they were trans) in the workplace. 
This was because if they were outed ,it was best 
for them not to go back to their workplace to 
even collect their things, as there were cases 
of people who got beaten by their co-workers 
(France, 2017).

This job precarity was extremely hard to 
manage and it made it extremely difficult for 
the community to attempt and live normal 
lives. Especially, considering that a big part 
of the community were high school dropouts, 
homeless and didn’t have any kind of higher 
education.

The aids epidemic spread 
exponentially during the 

80’s to vulnerable minorities 
like the LGBTQ community. 

Unfortunately, this deadly virus 
is still a mayor issue within the 
transgender community. The 

U.N. GAP report concluded that 
“Transgender women are 49 times 
more likely to acquire HIV than all 

adults of reproductive age” 
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In relation to job precarity in Pose two 
perspectives need to be considered, on one 
hand we have Blanca, who was able to secure 
a job at a nail salon and Elektra, who in the last 
episode gets hired as a hostess of a restaurant. 
Nevertheless, those two characters are over 35 
and have been searching for jobs most of their 
lives, reasonably they have stable jobs. On the 
other hand, the character of Angel, in her early 
twenties, needs to resort to prostitution to get 
by, as she has no skills or education to aspire 
for another job. Moreover, financial precarity 
is also exemplified in the show through the 
character of Elektra, who for many years 
lived off her sugar daddy’s money. However, 
Elektra was only a sexual fetishized fantasy 
and once she couldn’t satisfy him any longer, 
she was kicked out. After that, Elektra had to 
resort to prostitution once again after many 
years of being financially stable. Consequently, 
Pose accurately portrays the limited job 
opportunities for the community but fails to 
explicitly represent the dangers of prostitution 
as no consequences are presented for Elektra 
or Angel while practicing prostitution. Ergo, 
making the overall section of consequences of 
the transgender lifestyle somewhat lacklustre 
in comparison to the high level of nuanced 
verisimilitude of the other sections.

Conclusion
All in all, in relation to the question of the essay 
it can be concluded that Pose accurately depicts 
the transgender struggles in NYC in the 80’s. 
Pose depicts the analysed sections with a high 
enough level of verisimilitude to be considered 
highly accurate. Although, the two sections 
that have the least extent of accuracy (I and III) 
do not misrepresent the community but rather 
underrepresent it. Therefore, the main criticism 
is to expand the narratives to further explore 
all the aspects of the transgender identity. 
Nevertheless, the sometimes-lacklustre 

approach of the series can be understood due 
to the limitation in the length of the episodes 
among other variables.

This investigation also counts with some 
limitations and possible errors. The biggest 
limitation in the exploration is the subjective 
choice of sections and sub-sections for 
comparing and contrasting and reaching an 
accuracy consensus. This problem was handled 
by choosing an objective book to guide the 
investigation. However, it is extremely difficult 
to encompass the hardships of multifaceted 
individuals under specific sections, and even 
so to consider the full picture of the trans 
experience too many sections would need to 
be analysed, which isn’t possible due to the 
restricting word limit.

Nevertheless, this investigation counts with 
many perspectives and themes (from individual 
hardships in sections I and II and struggles as a 
community in section III) which contribute to 
generating various accuracy consensus over 
a wide variety of topics within the series, not 
making it one-sided or subjective. Moreover, 
due to this multi-sided analysis even if the 
choice of section were different, the same 
accuracy consensus would have been reached 
although the research would be completely 
different. Additionally, with the extensive 
range of secondary sources of information the 
investigation shouldn’t be compromised by 
potential errors as many perspectives were 
considered.

Personally, this topic although unusual is 
important as visibility and representation 
is the key to acceptance. My hopes with this 
investigation besides learning about a topic 
that interests me, is to eradicate any prejudices 
that come from ignorance or inaccessibility to 
information.
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Appendix 1
Documentary “Paris is Burning”
Paris is Burning premiered in 1990 and 
presented the lives and struggles of influential 
individuals in the trans community in the late 
1980’s in New York City. It has since become 
onr one of the most relevant documentaries 
within the LGBTQ+ community, having been 
referenced and payed homage to in many of the 
current LGBTQ+ themed tv shows and movies 
like “RuPaul’s Drag Race” or “Pose”.

Paris is burning (available on Netflix) has won 
numerous awards for it’s a staple of the LGBTQ+ 
community. It still prevails relevant despite its 
almost 30 years of age as it focuses on the struggles 
of a community that has yet to fully fix many of the 
issues presented in the 30-year-old documentary. 
Due to its historical relevance to the community 
it still is referenced in mainstream and famous 
LGBTQ+ theme tv shows, like the reality show 
“RuPaul’s Drag Race”. One of the challenges in the 
reality competition “RuPaul’s Drag Race” is based 
on “Paris is Burning” paying homage to the trans 
community and their customs and traditions of 
the time.

The references to “Paris is Burning” in the tv 
show “Pose” are also very relevant and visible, 
this is because “Paris is Burning” focuses 
on “Alternating between interviews of ball 
participants and footage from the actual balls, 
Paris Is Burning was the first major work to 
delve into balls, voguing, and the families that 
marginalized LGBTQ+ individuals made for 
themselves in house culture. Pose begins with 
the same black background, white lettering as 
the ground-breaking documentary Paris Is 
Burning begins New York City, 1987. It’s a clear 
homage.” (NICOLAOU, 2018)

Apart from the clear historical reference that 
“Pose” makes to “Paris is Burning” there are also 

references within the actual show mostly during 
the ballroom’s scenes. Many of the categories in 
the show “Pose” are the same as the ones presented 
in “Paris is Burning” and in those categories there 
are some cinematic apparels that “Pose” cleverly 
introduces to further reference “Paris is Burning”. 
Here are some examples;

Ilustración 2 (photo 1 of a scene in “Paris is Burning”)

Ilustración 3 (photo 1 of a scene in “Pose”)

Ilustración 4 (photo 2 of a scene in “Paris is Burning”)

Ilustración 5 (photo 2 of a scene in “Pose”)

APPENDIX
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Appendix 2
Sylvia Rivera on the 5th annual pride 
parade

Figure 1. Sylvia Rivera on the 5th annual pride parade

Appendix 3
HIV Statistics

TABLE 1. MORBIDITY AND MORTALITY WEEKLY REPORT, 2001

Figure 2 ( (Morbidity and Mortality Weekly Report, 2001)

22 
 

Appendix 3 – HIV Statistics 

                                      
Table 1 ( (Morbidity and Mortality Weekly Report, 2001 )

                            
Figure 2 ( (Morbidity and Mortality Weekly Report, 2001 ) 

22 
 

Appendix 3 – HIV Statistics 

                                      
Table 1 ( (Morbidity and Mortality Weekly Report, 2001 )

                            
Figure 2 ( (Morbidity and Mortality Weekly Report, 2001 ) 



Página 68	 Sports bag made out of old recycled clothes.	 Mejores monografías de Bachillerato Internacional	 OrTj10

Appendix 4
Complete account of all the struggles, 
quotes and examples in Pose
Below is a summary of the main events of each 
episode recollected by me regarding the topic at 
hand. The examples provided for each section 
were found through the list below. Additionally, 
these are in chronological order:

Episode 1
-	 Transgender people must pass and hide in 

the shadows
-	 Blanca get her HIV test back and it is positive 

(At this time it is basically a death sentence)
-	 Most of the queer youth of colour is resented 

by their families and kicked out leading 
to homelessness, this is seen through the 
character of Damon.

-	 Blanca explains what a “ball” is
-	 Trans prostitution is portrayed through eh 

character of Angel
-	 Damon goes to Blanca’s house because he 

has nowhere else to go
-	 Angel gets denied a job because she’s trans 

and can’t pass
-	 Aids quote by angel at the end of the episode

Episode 2
-	 Blanca gives Damon the gay “birds and 

the bees” talk (Damon has no idea) (this 
exemplifies the lack of information + the 
importance of a mother figure)

-	 Gay bar doesn’t serve Blanca drinks because 
she is trans

-	 Blanca gets harassed in the bar she is told that: 
“Today is not drag night / Happy Halloween 
(implying that she physically looks like she is 
in a costume)” 

-	 The owner of the bar justifies his 
discrimination by saying “we have a specific 
clientele” which essentially meant white 
heteronormative passing males. 

-	 Lulu (a trans lead character) says: “Everyone 
needs someone to feel superior, that line ends 
with us” 

-	 Police arrests Blanca for being at the gay bar 
for “disturbance of piece” (with this arrest we 
can see how the police abuses their authority 
to discriminate) 

Episode 3
-	 Angel shares how she was rejected by her 

family 
-	 The HIV hospital is show and there is a lack 

of staff 
-	 Elektra goes to get info for her transsexual 

surgery however the hospital must operate 
under the radar. This is because the clinic 
was overwhelmed with aids patients and the 
board thought reassignment surgery was 
unnatural and unnecessary. 

-	 Evangelista house is a family 

Episode 4
-	 We can see the side effects of Angel’s illegal 

hormones. 
-	 Elektra fights with her sugar daddy over the 

reassignment surgery. 
-	 Kandy gets fired from her house for losing a 

category in a ball and for being delusion.
-	 We can see how the only available drug 

at the time for HIV treatment “ACT” made 
people with HIV worst (which shows the non-
functional drugs there are and the lack of 
resources given by the government)

-	 Quote by Praytell: “I know Ronald Reagan 
will not say the word “aids”, health insurance 
will not cover any treatments. The world 
wants us dead!”

-	 Quote by Praytell: “They don’t think this is 
a plague, they think is some sort of divine 
justice, or Darwin’s answer to sodomy”

-	 Quote by Praytell: “Once it’s in you (talking 
about HIV), you are in borrowed time”
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-	 We are shown the horrible side effects of 
illegal and underground cosmetic surgery 
through the character Kandy who got silicone 
injections to increase her hip size.

-	 Kandy describes the trans struggle to Elektra 
(gender dysphoria)

Episode 5
-	 We can see how sisterhood in the ballroom is 

not good.
-	 Blanca tells Elektra she is homeless, and she 

gets read to filth in the balls.
-	 Blanca gets rejected by her real sister after 

her mom died.
-	 Praytell - “when my father died, I went 

through it. I blamed myself for all the black 
eyes, and lost time”

-	 Elektra gets her operation done and feels 
better than she ever dreamed.

-	 Blanca goes to her mother’s funeral and her 
family lets her say goodbye.

-	 A nurse in the HIV hospital tells Praytell - 
“I’m a nurse on a ward where no one gets 
better”

-	 Patty and Stan go to couple’s therapy.

Episode 6
-	 Angel and Stan’s wife talk, and she doesn’t  

believe Angel is trans. 
-	 Praytell is devastated because his lover is 

dying. 
-	 Praytell remember old times when aids wasn’t 

around. 
-	 A nurse in the HIV hospital tells Praytell - “I’m 

a nurse on a ward where no one gets better” 
-	 Ptaytell and Blanca sing at the hospital as part 

of a fundraiser they organized. 
-	 Patty and Stan go to couple’s therapy. 
-	 Angel goes back to showbusiness (prostitution). 

Episode 7
-	 Sugar daddy kicks Elektra out, and she doesn’t 

have any source of income. 
-	 Blanca kicks “Papi” out of her house for 

selling drugs. 
-	 Angel - “You thought living in the fringes of 

society was going to be some kind of picnic 
and roses?” (When she shows Stan the ball 
scene) 

-	 Elektra is back to showbusiness (prostitution) 
after years (this shows that there is no 
stability as a trans person of colour) 

-	 Angel goes back to prostitution after being 
dumped by Stan. 

Episode 8
-	 Elektra is homeless and in showbusiness 

(prostitution).
-	 Blanca hosts Elektra in her house (this shows 

sisterhood).
-	 Ricky and Damon go to a dance audition to 

pursue their dance career.
-	 Blanca tells Angel she has HIV.
-	 Kandy read’s Blanca to filth during the 

princess ball.
-	 Blanca gets mother of the year.



Página 70	 An Investigation on The Energy Density of Biodiesels...	 Mejores monografías de Bachillerato Internacional	 OrTj10

An Investigation on 

The Energy Density 
of Biodiesels Versus 
Petrochemicals through the 
process of Combustion
To what extent does the energy density variance 
between petrochemicals and biodiesels determine 
feasibility for substituting petrochemicals by biodiesels as 
renewable alternative fuels?

◗ Sarah Kazi
   SEK-Qatar
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1. Abstract
In the 1900s, Dr. Rudolf Diesel’s ‘Grand Prix’ 
engine unveiled at the World Fair in Paris ran 
on peanut oil biodiesel. The efficient combustion 
of biodiesel encouraged designs that minimized 
the use of fossil fuels. But nowadays, petroleum 
is in higher demand because it is cheaper, and it 
contains greater energy density. This increases 
greenhouse gases and decreases fossil fuels.

This extended essay investigates the research 
question, ‘To what extent does the energy 
density variance between petrochemicals 
and biodiesels determine feasibility for 
substituting petrochemicals by biodiesels 
as renewable alternative fuels?’

The focus of my research is to determine the most 
effective fuel from petrochemicals or biodiesel, 
based on their energy density. The petrochemicals 
included were CH3OH, C2H5OH, C3H7OH, and 
petrol. Moreover, transesterification reactions 
were performed on oils namely: vegetable, 
sunflower, olive, and canola to produce varying 
types of biodiesels. Then, combustion was carried 
out to calculate the amount of heat required to 
change the temperature of 1 gram of the fuels by 
1ºC. Experimentation on petrol was excluded for 
safety reasons.

Through analysis, it was determined that both 
literature and experimental trends demonstrated 
that petrol has the highest energy density 
(determined by extrapolation), followed by 
biodiesels. And, alcohols had the least. The 
relationship in both trends expressed that 
an increase in carbon-chains was directly 
proportional to increase in energy density.

Although the literature values followed the 
experimental value trend, few errors were 
observed. The error was calculated to analyze 
possible causes of random and systematic errors.

I concluded that biodiesel can be used as an 
alternative renewable fuel based on its energy 
density because there is less variance in its 
energy density compared to petrol. Moreover, 
the variance can be compensated by blending 
biodiesel with petrol. The limitation is that 
biodiesel is unable to atomize effectively due to 
its viscosity.

2. Introduction
Energy density is the amount of energy stored 
in a given mass of a substance. Different fuels 
contain different energy densities contributing to 
their varying efficiencies. We should be aware of 
how energy-dense different fuels are especially 
in the highly industrialized world, dependent 
on fuels. This is because petroleum not only 
fuels power generation and transportation, but 
petroleum derivatives are also used in plastic, 
industrial lubricants, synthetic fibers, paints, 
fertilizers herbicides, etc.

This research is significant to the petrochemical 
industry since decomposition of fossil fuels to 
form crude oils take millions of years as compared 
to the rate petrochemicals are consumed today; 
henceforth, action for sustainability is essential.

According to the Government of Canada (2015), 
the products of combustion of petrochemicals 
releases pollutants namely: Greenhouse gases 
such as Carbon dioxide (CO2), Carbon monoxide 
(CO), Nitrous oxides, Sulphur dioxide (SO4); VOCs 
(volatile organic compounds). These harmful 
emissions increase the rate of global warming, 
acid rain, smog, ultimately reducing the quality 
of life. A study by Aldon Inc (2008) explains 
that using biodiesel as an alternative fuel will 
cause a 50% reduction of CO, a 50% reduction 
in particulate matter, a 60-70% reduction in 
hydrocarbons, and a 60-90% reduction in several 
other toxic compounds eventually minimizing 
the green-house effect.

Mejores monografías de Bachillerato Internacional 
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In addition to the above risks, the research paper 
‘Consequences of Oil Spills’ (2014) explains 
that the transportation of crude holds a risk of 
oil spill due to human and/or technical errors. 
This could result in fuel seeping through 
ground/waterways; negatively impacting the 
environment, ecosystems and the economy 
because of the expensive clean-up method.

In contrast, biodiesel has distinct advantages 
including being a renewable source. They include: 
less time and more control over the production 
of oil since vegetable crops can be harvested 
annually. Secondly, the production process is 
more economical as waste oil is utilized. Thirdly, 
there are fewer safety hazards like accidental 
fire and insignificant consequences of accidental 
spillage.

Thus, this investigation aims to design a greener 
pathway by studying the potential of biodiesel 
as an alternative fuel. To make biodiesel, 
a process called transesterification will be 
performed on plant-based oils resulting in the 
formation of biodiesel (ester) and glycerol. Then, 
a combustion reaction will be performed to 
compare the energy density of petrochemicals 
(petrol, alcohols) versus biodiesel fuel.

Although biodiesel is more environmentally 
friendly, can it be used as an efficient fuel in 
terms of its energy density? This leads to the 
questions like, ‘how great the variance between 
petrochemicals and biodiesels is? Are our 
engines able to effectively atomize biodiesel for 
combustion?’

The focus of my investigation is therefore to 
achieve a balance between the two conflicts, 
which seeks to answer the question: How does 
the energy density vary of petrochemicals and 
biodiesel?

3. Background Information

3.1. Biodiesel
Biodiesel, a mono-alkyl methyl ester is formed by 
a reversible process called transesterification. 
During transesterification, a glyceride reacts 
with an alcohol in the presence of a catalyst to 
form fatty acid methyl ester (FAME) and alcohol. 
As shown in the figure. 1, the CH3OH replaces 
the glycerol in the oil and forms an ester with 
the fatty acid and yields one mole glycerol and 3 
moles of FAME.

This conversion of oil to FAME is necessary 
because it decreases the viscosity of oil by 
making it roughly 1/3 the size of a triglyceride 
molecule. (Cliff Davidson, 2007) This allows 
proper atomization (separation of a substance 
into minute materials or to a fine spray) of fuel 
in the engine.

Figure: 1 The transesterification process for converting triglycerides to 
biodiesel (Davidson, Montero, 2007, pg. 5).

As evident in figure 2, the reaction of triglycer-
ides with CH3OH proceeds in a stepwise method 
to produce the intermediates of diglyceride and 
monoglyceride, with subsequent reactions with 
CH3OH producing glycerol and biodiesel.

The addition of potassium hydroxide (KOH) 
will generate basic conditions because KOH is 
a strong base. This will cause the nucleophilic 
of alkoxide ion (RO−) attacking the carbonyl 
group of triglycerides ions to form a tetrahedral 
intermediate as demonstrated in Figure. 3. In 
the successive reactions, the rearrangement of 
the intermediate producing one molecule of 
methyl ester and diglyceride ion, with a further 
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nucleophilic attack on the electrophile producing 
glycerol and FAME (N.A Tajuddin, 2016).

In continuation, the Le Chatelier’s principle states 
that a chemical system at equilibrium experiences 
a change in concentration, temperature, or total 
pressure, the equilibrium will shift in order to 
minimize that change. Hence, the added CH3OH 
drives the reaction forward to minimize its effect. 
This will result in the completion of triglyceride 

conversion to biodiesel hence, producing a higher 
yield of biodiesel. Since the reaction is reversible, 
alcohol must be added in excess quantity to 
ensure complete combustion has occured.

3.2.  Petrochemicals
Petrochemicals are chemical products obtained 
by refining petroleum.

3.2.1 Petrol
Petrol is a fuel made of crude oil (sourced from 
the ground) in crude oil refineries by the process 
of fractional distillation. This occurs between 
the temperatures of 200 ºC and 350 ºC outside 
of the fractionated column. The crude oil in the 
vapor form is pumped into the column. The 
column is hot at the bottom and cool at the top. 
The long-chain molecules with high boiling 
points condense at the bottom of the column. 
This process produces a combination of carbon 
chains consisting of 8 and 21 carbon atoms per 
molecule. Smaller molecules like petrol which 
have less viscosity, boiling points but high 
volatility rise to 70 ºC.

Figure 2. The overall transesterification reaction of triglicerides (Meher, 
L., Vidyasagar D., Naik, S., 2006, paragraph no.11).

Figure 3. Mechanism reaction of transesterification by base-catalyst, (Ta-
juddin, Wilson, 2016, paragraph number. 10).

Figure 4. Distillation column for producing petro-diesel (Davidson, Mon-
tero, 2007, pg. 3).
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3.2.2. Alcohols
In this experiment methanol’s (CH3OH), 
ethanol’s (C2H5OH), and propanol’s (C3H7OH) 
energy density will be calculated. These fuels 
can be derived from fossil fuels, biomass, or CO2 
and H2O. However, the chemical properties of the 
alcohols do not change if produced synthetically 
or biologically.

C2H5OH is frequently produced through the 
fermentation of sugars. And, CH3OH is produced 
from synthesis gas, electrolysis, and enzymes. 
While, C3H7OH, a fuel less toxic and volatile, it 
is manufactured by catalytic hydrogenation of 
propionaldehyde.

4. Hypothesis
I hypothesize that petrochemical products will 
have greater energy density compared to bio-
diesel.

4.1. Reasoning
I considered three scientific concepts while 
predicting the assumption. They include- Bond 
energy (measure of bond strength), Flashpoint 
(the lowest temperature during which vapors 
of the material will ignite by contact with the 
ignition source), and Intermolecular forces 
(forces that mediate interaction between 
molecules).

Elaborative explanation of all three points in 
relation to the fuels used are mentioned below 
in the order of bond energy, flashpoint and 
intermolecular forces:

1.	Chemical reactions take in energy to break 
bonds and give off energy when the make 
bonds. Organic molecules like CH3OH have 
lots of weak C-C (347 kJ/mol) and C-H (413 
kJ/mol) bonds which do not much energy to 

break, but during combustions these products 
make strong C-O (358 kJ/mol) and H-O 
(467 kJ/mol) bonds in CO2 and H2O. While 
biodiesel has C-O bond in addition to a C-C 
(347 kJ/mol) and C-H (413 kJ/mol) which 
takes in more energy to break. Based on 
this theory, petrochemicals will require less 
energy to break its bonds, thereby releasing 
more energy.

ΔΔH
0
reaction= ∑ΔH Bond Energy of 

(reactant)−∑ΔH Bond Energy of (product)

2.	Biodiesel has a higher flashpoint than con-
ventional diesel and alcohols. The flashpoint 
of biodiesel is 150  ºC while diesel fuel, alcohol 
ranges between 55-66 ºC. Hence, the temper-
ature required to release vapor to ignite air is 
lower in petrochemicals. This signifies that 
more energy released since less vapor is given 
off.

3.	Biodiesel contains weaker intermolecular 
forces such as dipole-dipole and london 
dispersion forces. And, petrochemicals and 
alcohols contain strong hydrogen bonds and 
london dispersion forces. Since petrol has 
stronger intermolecular forces their molecules 
are closely held resulting in higher mass per 
unit of volume and therefore a higher density. 
Taking these factors into account, I assume 
that petrochemicals have a higher energy 
density.

5. Development of methodology

5.1. Design of methodology
The method of this experiment was mostly 
based on that of Aldon corporation’s (2008)- 
‘Green Chemistry: Production of biodiesel.’ 3 
attempts applying this method were made. This 
led to a lack of burning properties in the fuel 



suggesting an incomplete reaction. Therefore, 
some amendments in a method and the amounts 
of CH3OH, KOH, and oil by consulting several 
sources of experts- including my supervisor and 
laboratory scientists.

Eventually, after 4 attempts of trial and error, 
the recipe for success was discovered by a few 
changes. Changes were necessary for a successful 
yield of biodiesel and to be more resourceful in 
absence of apparatus materials for example a 
separatory funnel. In table 1, the amendments 
made, and its reasoning is mentioned:

TABLE 1: COMPARISON BETWEEN ALDON’S 
METHODOLOGY AND METHODOLOGY USED

ALDON CORPORATION’S 
METHODOLOGY

APPLIED METHODOLOGY

The amount of KOH, 
CH3OH was 1.2 g, 
25 cm

3
 respectively. 

The amount of KOH, CH3OH was 
1.5 g, 50 cm

3
 respectively. This 

is because the biodiesel did not 
separate effectively when mixed 
with less alcohol and catalyst. 

The amount of oil used 

was 125 ml.

The amount of oil used was 150 ml 
because due to the absence 
of separatory funnel some 
biodiesel would flow out with the 
contaminated

H2O after water washing 4 times. 
This would lead to only 20-30 ml 
left to use for combustion which 
was not sufficient for the 3 trials.

5.1.1 Method to control of variables
These are the ways the variables were controlled 
consistently:
1.	The distance of the flame from the calorimeter- 

The rod of the laboratory ring was marked 
15 cm above the surface to prevent unequal 
distance while combusting all fuels. Keeping 
this distance constant reduced systematic 
error by ensuring equal heat is lost.

2.	Heat loss is controlled by using calorimeter 
during combustion. The calorimeter’s thermal 
insulation inhibits heat released to the 
surroundings which prevent skewed results.

5.2 Procedure
The process consists of a three-phase process. First, 
alcohol and catalyst are mixed. Then, biodiesel 
is produced. Lastly, the biodiesel is washed with 
water to remove soluble impurities e.g. Catalysts, 
alcohol, glycerol.

5.2.1. First Phase

-	 KOH (1.5g, 2.6×10
-2

 mols) is weighed using 
an electronic balance. 50cm

3
 of CH3OH is 

measured using a graduated cylinder.

-	 CH3OH and KOH are added to an Erlenmeyer 
flask along with a magnetic stirring bar.

-	 Flask is covered tightly using a stopper and 
stir speed is set to high.

-	 In intervals of 30 seconds, stopper to release 
was removed to release any pressure that 
may have developed. Then, the stopper was 
re-tightened and stirred until the KOH was 
completely dissolved in CH3OH, giving a 
concentration of 0.52moldm

-3
 of CH3KO.

Figure 5: My apparatus of exothermic reaction between KOH and CH3OH
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5.2.2. Second Phase

-	 150ml of vegetable oil was measured using 
a graduated cylinder and poured in a 250ml 
beaker. The beaker was placed on a hot plate.

-	 Oil was heated until it reached 55 ºC. (High 
enough to increase kinetic energy, lower than 
the boiling point of CH3OH which is 66.4 ºC.

-	 Heat was turned off and a magnetic stirring 
bar was added.

-	 CH3KO was poured in the oil. The stirrer was 
set to high speed to mix the oil and CH3KO.

-	 The warm oil and CH3KO were mixed together 
and react for 20 minutes.

-	 After 20 minutes, the stirring was stopped. The 
beaker kept undisturbed for a day to allow the 
esters and glycerol to separate effectively.

-	 After a day, a separation was noticed. Biodiesel 
esters were at the top and glycerol, catalyst, 
some residual alcohol settled at the bottom as 
shown in Figure. 6.

Figure 6: Beaker before separation of biodiesel esters of canola, vegeta-
ble and olive oil respectively.

5.2.3. Third Phase

-	 Crude biodiesel was poured into a Florence flask.

-	 75ml H2O (half the volume of biodiesel) was 
heated up to 60 ºC.

-	 H2O was slowly poured into the flask. The 
flask was sealed using a stopper.

-	 The flask was slowly mixed by gentle 
movements for a minute. The biodiesel/ H2O 
mixture was kept undisturbed for five minutes.

-	 H2O was separated manually by draining it 
from the flask carefully.

-	 The steps were repeated three more times as 
water appeared clear after the fourth wash.

-	 After a final cleaning, there was residual 
H2O in the biodiesel causing the fuel to 
appear cloudy. Hence, the heat was applied 
to evaporate the H2O until the temperature of 
fuel reaches 120 ºC (above the boiling point of 
H2O but below the boiling point of biodiesel 
which is between 340°C to 375°C).
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5.3. Steps to determine the energy density 
of fuels

-	 The cupper can of the calorimeter zeroed and 
weighed.

-	 300g of H2O was added to the cupper can and 
the mass was recorded.

-	 150g of fuel was added inside the spirit burner 
and its mass was recorded.

-	 Thee starting temperature of the H2O was 
read.

-	 The stirrer and thermometer were placed 
inside the beaker and the calorimeter was 
covered using a lid.

-	 The spirit burner was ignited using a lighter. 
While heating, H2O was stirred.

-	 Once the temperature has increased to 20 ºC, 
the flame was immediately extinguished.

-	 The final mass of H2O and CH3OH, and final 
temperature was recorded.

-	 Heat energy was calculated using this 
equation:

Q = mc∆t𝒕

Q = Heat energy.
m = Initial Mass of H2O.

c = Specific heat of H2O (4.187	   J 𝐽  ).
	 g ºC

∆T= Change in temperature.

-	 The specific heat of the calorimeter was 
converted to

𝑘 ℃    for easier interpretation.

𝑔

6. Safety measures

1.	Lab court, gloves, and goggles should be 
worn when handling chemicals such as KOH, 
Alcohol e.g. CH3OH to avoid any physical 
injury (Appendix 1: MSDS).

2.	The experiment should be performed in the 
hood to capture and prevent any flammable 
fuel from reaching the source of ignition.

3.	After the experiment- Biodiesel, glycerin 
should be poured into a sealed container 
before disposal to prevent spillage and prevent 
the release of pollutants.

Figure 7. Apparatus used for combustion
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7. Calculations

7.1. Calibration of the calorimeter
Heat was absorbed by the calorimeter hence, it 
needed to be calculated to ensure calculations 
of energy density are solely based on fuels 
combusted. Therefore, the calorimeter was 
calibrated by burning 112.2g of CH3OH with a 
specific heat of 2.53

  
 .

Hence, energy absorbed by calorimeter

𝑞

7.2. Energy density calculation
This data is retrieved from the raw data (appendix 
2). Moreover, all energy density calculations are 
present in Appendix 3.

Example of calculation.
C2H5OH energy density (99.0%)

C2H5OH(l) + 3O2(g)-----> 2CO2(g) + 3H2O(l)

1.	Grams of fuel used: 190.9-187.6= 3.3 g.

Energy required to change the temperature.

𝑸 

7.3. Uncertainty calculations

1. Uncertainty of weighing scale= 0.001 g
-	 Mass of C2H5OH burnt = 3.3g ± 0.002g 

(calculated twice hence, uncertainties added) 

Percentage Uncertainty =   × 100% = 0.061%

2.	Uncertainty in the thermometer = 0. 5˚C
-	 Temperature Difference = 20 ºC ± 1˚C

Percentage Uncertainty =

3.	Uncertainty in the graduated cylinder to 
measure H2O, oils, C2H5OH= 0.5 cm

3
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-	 Volume of oil taken to make biodiesel = 150 cm
3 

Volume of CH3OH: 50 cm
3
 ± 0.5 cm

3

Percentage Uncertainty =   × 100% = 0.33%

-	 Total uncertainties= Sum of all uncertainties

-	 The standard energy density of C2H5OH (with 
uncertainty) is  

The following steps can be followed to determine 
the uncertainties in the data values of the other 2 
alcohols and 4 oils.

-	 The standard energy density of CH3OH (with 
uncertainty) is 

𝐽

𝑔-	 The standard energy density of C3H7OH (with 
uncertainty) is 

 
𝑘𝐽

-	 The standard energy density of sunflower oil 
biodiesel (with uncertainty) is 
𝐽

-	 The standard energy density of olive oil biodiesel 
(with uncertainty) is  

𝑘𝐽

𝑔-	 The standard energy density of vegetable oil 
biodiesel (with uncertainty) is  
𝑘𝐽

-	 The standard energy density of canola oil 
biodiesel (with uncertainty) is 
𝑘𝐽

7.4. Percent error calculations

Calculation example of C2H5OH

TABLE 2: ERROR CALCULATION AND ERROR 
PERCENTAGE

FUEL ERROR ERROR
PERCENT 

ERROR
ERROR 
RATIO

CH3OH -5.2 23.6% 0.6 -5.2
C2H5OH -12.5 46.7% 0.6 -12.5
C3H7OH -14.3 42.1% 0.6 -5.2

Sunflower oil 
biodiesel

-14.9 35.3% 0.6 -12.5

Olive oil biodiesel -8.3 22.1% 0.6 -5.2

C2H5OH -12.5 -12.5 -12.5 -12.5

CH3OH -5.2 -5.2 -5.2 -5.2
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7.5. Summarized results of energy density

7.5.1. Table
*Literature values obtained was in  which 
equals 

𝑘𝐽
.

TABLE 3: EXPERIMENTAL VERSUS LITERATURE VALUES 
COMPARISON

FUEL
EXPERIMENTAL 

VALUES 𝒌

LITERATURE 
VALUES  

CH3OH 16.8± 1.01 22.01

C2H5OH 14.3± 0.85 26.82

C3H7OH 19.7 ± 1. 34.03

Sunflower oil biodiesel 27.3± 1.63 42.204

Olive oil biodiesel 29.2± 1.80 37.455

Vegetable oil biodiesel 40.0 ± 2.40 Average- 39.56

Canola oil biodiesel 42.5± 2.50 43.967

Petrol N/A 45.08

7.5.2. Graph

Figue 8, Graph comparing literature values of energy density and expe-
rimental values.
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8. Analysis
In Fig.7, the x-axis represents different fuels 
varying in chemical structure (independent 
variable). The y-axis demonstrates the energy 
density of the fuels (dependent variable) in the 
units of 

𝑘

𝐽
 Moreover, the blue trend expresses 

the literature values of the energy density of 
the fuels. While the orange trend expresses the 
experimental values of the energy density of 
the fuels. The graph demonstrates the variance 
of energy density of the fuels and compares the 
experimental values with the literature values of 
energy density.

The graph demonstrates a trend in relation to 
carbon chains. In explanation, alcohols have 
fewer carbon chains for e.g. C3H7OH has 3. hence, 
their energy density is the lowest. Biodiesel has 
approximately 10 carbon chains. While petrol 
has approx.16 carbon chains. Hence, as the 
carbon chains increase the energy density also 
increases.

In the experimental values, the data points are 
expressed as averages due to better clarity while 
analyzing. The error ratio 0.6 (6%) obtained 
by the division of uncertainty and the average 
experimental value of energy density. The 
ratio is consistent for all fuels demonstrating a 
systematic error. This error percent corresponds 
to the percentage uncertainty being 6.06%. 
This signifies that consistent usage of these 
uncertainties potentially resulted in this error.

The percent uncertainty causes the reliability 
of the data to be questioned however, all 
uncertainties are consistent with each 
demonstrating a systematic uncertainty. 
Moreover, the data is consistent for its purpose, 
although it has some irregularities (discussed 
below), the experimental values consistently 
follow the trend of the literature values.

Although the error ratio was consistent, the 
percent error is not, as established in Table 
2. The percent is higher for the first five fuels 
being 23.6% (CH3OH), 46.7% (C2H5OH), 42.1% 
(C3H7OH), 35.3% (sunflower oil biodiesel), 22.1% 
(olive oil biodiesel) fuels. In contrast, canola 
oil biodiesel and vegetable oil biodiesel 1.20%, 
3.10% respectively. This demonstrates that the 
accuracy and precision became greater for the 
last two fuels. This could be a result of a random 
error such as unequal stirring since vegetable 
and canola oil were stirred constantly or possibly 
because if an unknown human error.

The equation was the literature values is y = 
3.2554x + 21.715. This equation signifies that 
the line rises 3.2 units vertically for each unit of 
change in fuel structure. Similarly, the equation 
for the experimental values is y = 4.9286x + 7.4. 
Similarly, this signifies that the rate of change 
is 5 units which are 1.8 units higher than the 
literature values. The equation of the literature 
values could be used to predict the energy 
density of other structures of the fuels. However, 
the limitation is that the chemical structure of 
different types of biodiesel oils is not determined 
hence, this can be used to predict petrochemicals. 
In this context, the y-intercept does not show 
any significant to this experiment since at 0 
fuel structure it is impossible to have an energy 
density.

Both the experimental and literature values show 
that biodiesels have greater energy density than 
alcohols. The experimental values for petrol are 
absent due to its high viscosity.

However, the data is extrapolated towards the 
literature value of petrol is 45.0 

𝑘 
with an error 

of 6%; suggesting that petrol has the highest 
energy density.

Overall, the literature values seem to follow the 
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trend of the experimental values. According to 
the experimental values, canola oil biodiesel 
has a density of 42.5 

𝑘 𝐽
 while vegetable oil 

biodiesel has a slightly lesser density being 40.0 
𝐽𝐽
. The density of olive oil biodiesel is 29.2 

𝐽
while sunflower oil biodiesel has the lowest 
experimental density amongst the oils being 
27.3 

𝐽
. This is contrary to the literature results 

since sunflower oil biodiesel has greater energy 
density by olive oil by 4.75 

𝐽
. This could have 

occurred due to a random error which probably 
was the inconsistent stirring of water.

In relevance to the alcohols, the energy density 
was sufficiently lower than the biodiesel and 
petrol. According to the experimental values, the 
energy density of CH3OH, C2H5OH, and C3H7OH 
are 16.8

𝑘 𝐽𝐽, 14.3
𝑘𝐽 𝐽, 19.3

𝑘𝐽 𝐽 respectively. 
C2H5OH is an outlier since it has a lower energy
density than CH3OH. Relating to the theories in 
the hypothesis, this is an error since C2H5OH 
has contains more bonds of (C-C) and (C-H) 
than CH3OH hence, it will release more energy. 
This outlier demonstrates a random error in the 
experiment.

In conclusion, data expresses that biodiesel’s 
energy density is slightly lesser than petrol.

The energy density of the densest biodiesel- 
Canola oil biodiesels was less by 2.5 

𝐽 
than 

petrol.

While, sunflower oil biodiesel (lease energy 
dense biodiesel) was lesser by 17.7 

𝑘 𝐽
 than petrol.

This difference can be compensated by created 
biodiesel blends with petrol to increase the 
energy density. This minimal variance suggests 
that biodiesel can be used as an alternative fuel 
based on energy density.

9. Conclusion
The data proves the hypothesis wrong. This is 
because alcohols have the least energy density 
and it was predicted that petrochemicals will 
have the most. After conducting research, I learnt 
this is because alcohols have a high-octane 
rating (measure of the fuel to resist knocking 
during combustion). Although, this contributes 
to their fuel efficiency and it diminishes their 
energy density compared to petrol. However, 
the prediction about petrol having the greatest 
energy density was found to be correct. This is 
because it contains a lower flashpoint, weaker 
bonds, and stronger intermolecular forces.

The experiment was successful because the 
method was planned well-organized. This 
resulted in the variables being measured 
accurately leading into the data demonstrating 
the consistent trend regarding the proportionality 
of carbon-chains and energy density. Although 
some random and systematic errors occurred, 
the literature trend was mostly followed by the 
experimental values. Moreover, errors were 
expected since the experiment was not performed 
in standard conditions and heat was lost to the 
surroundings.

This study could be investigated further by 
making biodiesel blends e.g. B20, B30 with 
petrol. Then, finding their energy density by 
combusting them. This could help us determine 
the most effective blend for utilization to reduce 
the use of petroleum products.

The extended essay investigates the research 
question, “To what extent does the energy 
density variance between petrochemicals 
and biodiesels determine feasibility for 
substituting petrochemicals by biodiesels 
as renewable alternative fuels?”
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Through experimentation, the data demonstrates 
that petrol’s energy density is slightly higher than 
biodiesels. Hence, it can be replaced. Now, the 
question that arises is should, and can biodiesels 
get atomized in the contemporary engines?

Biodiesel has a few disadvantages such as the 
cloud point (tendency of fuel to form wax during 
cold temperatures) and gel point (formation of 
gel with polymers) are higher. Moreover, B100 
produces 15% more NOX emissions. (Davidson, 
2007) However, these problems can be tackled 
by using anti-gelling agents and using fewer 
percent blends of biodiesel. The advantages 
such as fewer emissions, risks while handling, 
production time, etc outweigh the disadvantages.

In relation to can biodiesel be atomized; the 
answer is not effectively. Demibras explains in his 
book In Biodiesel: a Realistic Fuel Alternative for 
Diesel Engines (2010), that even though biodiesel 
is the best source of fuel in terms of efficiency 
and environmental friendliness; its viscosity 
disables it to atomize in the contemporary 
engines, especially during winter. Hence, it can 
be concluded that until engines do not develop 
to combust biodiesel, biodiesel cannot be widely 
used as an alternative fuel.

10. Evaluation and improvements
In evaluating and analyzing the results, several 
problems have been identified with the reliability 
of concluding remarks. This section evaluates 
the random errors, systematic errors, and the 
reliability of the sources involved.

10.1 Random errors

1.	The unequal stirring: The H2O in the 
calorimeter was not stirred during every 
combustion because few of the biodiesels 
produced soot. Hence, the apparatus needed 
to be shifted into the fume hood to ensure 
harmful chemicals were not inhaled. Since the 
heat was distributed and kinetic energy was 
not provided like the other fuels, there must 
have been a negative impact on the results.

Improvements: To prevent this error, new 
biodiesel should have been made. However, 
due to time limitations, the error could not be 
prevented.

2.	Temperature measurements: The thermometer 
used consisted of uncertainty of ±0.5.

Improvements: A thermometer that measures 
up to ±0.1 would result in more accuracy since 
it would decrease uncertainties by reducing 
error. Since the error ratio was the same as the 
uncertainty, it can be implied that the error 
was majorly caused by the uncertainty. Hence, 
reducing uncertainty would result into less 
error signifying more accuracy.

10.2 Systematic error

1.	The experimental value of the specific heat 
of cupper was 2.52 

𝐽 
. However, the specific 

heat of cupper according to the literature 
values is 0.39 

𝐽
. This led the calculation for 
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heat absorbed by the calorimeter to be greater. 
Since, this value was subtracted the all the 
energy density of fuels all the calculations are 
negatively affected, decreasing the precision 
and accuracy.

Improvements: At least 7 trials should be 
performed for the calibration because it affects 
other energy density values too. This would 
result in better accuracy.

10.3. Reliability of sources
The references quoted in this essay are from 
sources including books, past research, journals, 
and the internet. Most of the past research or 
experimental write has been academically 
proven. Moreover, most of the sources in my 
investigation are reliable since they are known 
academic publications written by qualified 
experts and databases from widely adapted 
Chemistry websites Science Direct and Research 
Gate.

The validity of the literature values of the fuels 
may not be authentic because they are retrieved 
from different credible websites. This is because 
there wasn’t a sole source that gave the literature 
values of all the fuels.

10.4. Unresolved questions
1. What is the relationship between the carbon 
chains of varying biodiesels oils and energy 
density?

During analysis, carbon chains of biodiesel were 
taken common for all the biodiesel oils. This 
is because of an absence of definite chemical 
structure for a specific biodiesel. This is a 
limitation to my experiment since it weakens my 
finding of the proportional behavior of carbon 
chains and energy density by disabling the 
comparison within different biodiesel structures.
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Appendix 1: MSDS

Fishersci. Material Safety Data Sheet, Methanol (July 21, 1999). Retrieved from https://fscimage.fish-
ersci.com/msds/14280.htm on 8th February 2019.

MATERIAL SAFETY DATA SHEET (MSDS) – Potassium Hydroxide (KOH)

Physical and chemical 
properties Physical State 
Solid
Appearance Light yellow
Odor Odorless
Odor Threshold No information available
pH 13.5 (0.1M)
Melting Point/Range 360 °C 
/ 680 °F Boiling Point/Range 
1320 °C / 2408 °F Flash Point Not 
applicable Evaporation Rate Not 
applicable
Flammability (solid, gas) No information available
Flammability or explosive 
limits Upper No data 
available
Lower No data available
Vapor Pressure No information available
Vapor Density Not 
applicable Specific 
Gravity 2.04 Solubility 
Soluble in water
Partition coefficient; n-octanol/water No data available
Autoignition Temperature
Decomposition Temperature No information available
Viscosity Not 
applicable Molecular 
Formula KOH 

APPENDIX
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Appendix 2: Experimental raw data

NAME OF FUEL

TEMPERATURE 
CHANGE 

(DEGREES 
CELSIUS)

±1˚C

AVERAGE 
INITIAL MASS 
OF WATER(G)± 

0.001G

AVERAGE 
FINAL MASS OF 

WATER(G)± 0.001G

AVERAGE INITIAL 
MASS OF SPIRIT 

BURNER (G)± 
0.001G

Methanol 20 288.3 287.6 237.4

Ethanol 20 308.4 307 190.9

Propanol 20 284.3 283.2 157.8
Vegetable oil

biodiesel
20 285.8 283.9 159.6

Sunflower oil

biodiesel
20 297.5 296.6 160.7

Olive oil biodiesel 20 299.6 298 167.2

Canola oil biodiesel 20 298.6 297.5 177.4

Petrol N/A N/A N/A N/A

3 trials for methanol

Trial number

Initial Mass

of H2O (g)± 
0.001g

Final Mass of

H2O (g)± 
0.001g

Initial Mass of

spirit burner (g)± 
0.001g

Final Mass of

spirit burner (g)± 
0.001g

1 324.9 321.9 111.3 112.5

2 325.7 323.3 112.5 112.8

3 326.1 323.1 112.8 113.7

Average 325.6 322.7 112.2 113

3 trials for propanol

Trial number
Initial Mass of H2O 

(g)± 0.001g
Final Mass of H2O (g)± 

0.001g
Initial Mass of spirit 
burner (g)± 0.001g

Final Mass of 
spirit burner  
(g)± 0.001g

1 275.2 274.2 160.2 157.8

2 284.1 283.2 157.8 155.4

3 293.5 292.2 155.4 153.3

Average 284.3 283.2 157.8 155.5

3 trials for ethanol

Trial number

Initial Mass

of H2O (g)± 
0.001g

Final Mass of

H2O (g)± 
0.001g

Initial Mass of

spirit burner (g)± 
0.001g

Final Mass of

spirit burner (g)± 
0.001g

1 307.8 307.1 194.2 190.8

2 310.1 307.7 190.8 187.6

3 307.2 306.1 187.6 184.4

Average 308.4 307 190.9 187.6
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3 trials for canola oil biodiesel

Trial number Initial Mass 
of H2O (g)± 

0.001g

Final Mass of H2O 
(g)± 0.001g

Initial Mass of spirit 
burner (g)± 0.001g

Final Mass of 
spirit burner (g)± 

0.001g
1 299.7 298.7 180 178.2
2 298.7 297.5 178.2 177.3
3 297.5 296.3 174 173.2

Average 298.6 297.5 177.4 176.2
3 trials for sunflower oil 

biodiesel
Trial number Initial Mass 

of H2O (g)± 
0.001g

Final Mass of H2O 
(g)± 0.001g

Initial Mass of 
spirit burner

(g)± 0.001g

Final Mass of 
spirit burner

(g)± 0.001g

1 298.2 297.5 162.2 161.1
2 297.5 296.7 161.1 158.8
3 296.7 295.8 158.8 157.1

Average 297.5 296.6 160.7 159
3 trials for vegetable oil 

biodiesel

Trial number Initial Mass 
of H2O (g)± 

0.001g

Final Mass of H2O 
(g)± 0.001g

Initial Mass of spirit 
burner (g)± 0.001g

Final Mass of 
spirit burner (g)± 

0.001g
1 286.2 285.2 160.4 159.9
2 290.5 288.5 159.9 158.5
3 280.7 278.1 158.5 156.8

Average 285.8 283.9 159.6 158.4
3 trials for olive biodiesel

Trial number Initial Mass of H2O 
(g)± 0.001g

Final Mass of H2O 
(g)± 0.001g

Initial Mass of 
spirit burner

(g)± 0.001g

Final Mass of 
spirit burner g±

0.001g
1 300.5 298.8 168.1 167
2 299.4 298 167.1 165.5
3 298.8 297.2 166.3 164.5

Average 299.6 298 167.2 165.6
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Appendix 3: Energy density calculations
𝑔
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